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August 11, 2016
EPA-SAB-16-005

The Honorable Gina McCarthy
Administrator

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

Subject: SAB Review of the EPA’s draft Assessment of the Potential Impacts of Hydraulic
Fracturing for Oil and Gas on Drinking Water Resources

Dear Administrator McCarthy:

The EPA Science Advisory Board (SAB) is pleased to transmit its response to a request from the U.S.
Environmental Protection Agency (EPA) Office of Research and Development (ORD) to review and
provide advice on scientific charge questions associated with the EPA’s draft Assessment of the
Potential Impacts of Hydraulic Fracturing for Oil and Gas on Drinking Water Resources (External
Review Draft, EPA/600/R-15/047, June 2015). The draft Assessment Report synthesizes available
scientific literature and data on the potential impacts of hydraulic fracturing for oil and gas development
on drinking water resources, and identifies possible operational events during the life cycle of hydraulic
fracturing for oil and gas operations that could result in impacts to drinking water.

The SAB was asked to comment on the EPA’s statements on the goals, background and history of its
Assessment; on the EPA’s analyses regarding the water acquisition, chemical mixing, well injection,
flowback and produced water, and wastewater treatment and waste disposal steps of the hydraulic
fracturing water cycle (HFWC); on the EPA’s analysis of chemicals used or present in hydraulic
fracturing fluids; and on the EPA’s synthesis of science on potential impacts of hydraulic fracturing on
drinking water resources as presented in the Assessment’s Chapter 10 and Executive Summary. The
specific charge questions to the SAB Hydraulic Fracturing Research Advisory Panel (SAB Panel) from
the EPA are provided as Appendix A to the SAB report.

The EPA developed the draft Assessment Report in response to a request in 2009 from the U.S.
Congress, which urged the EPA to examine the relationship between hydraulic fracturing and drinking
water resources. The EPA consulted with stakeholders, and developed a Research Scoping document
followed by a detailed research Study Plan, both of which were reviewed by the SAB, in 2010 and in
2011, respectively. An EPA Progress Report on the study detailing the research approaches, activities,
and remaining work was released in late 2012. A consultation on the Progress Report was conducted in
May 2013 with members of the SAB Panel. The EPA’s draft Assessment Report was released in June



2015 for public comment and review by the SAB Panel operating under the auspices of the chartered
SAB.

In general, the SAB finds the EPA’s overall approach to assess the potential impacts of HFWC
processes for oil and gas production on drinking water resources, focusing on the individual stages in the
HFWC, to be comprehensive but lacking in several critical areas. The SAB also finds that the agency
provided a generally comprehensive overview of the available literature that describes the factors
affecting the relationship of hydraulic fracturing and drinking water, and adequately described the
findings of such published data in the draft Assessment Report. However, the SAB has concerns
regarding various aspects of the draft Assessment Report, including concerns regarding several major
findings presented within the draft that seek to draw national-level conclusions regarding the impacts of
hydraulic fracturing on drinking water resources. The SAB has recommendations for changes to text in
the draft Assessment Report and for follow-on activities to address gaps. Also included, as Appendix B,
is a dissenting view from four of the 30 members of the SAB Panel regarding the broader SAB Panel’s
viewpoint on one of the EPA’s major findings.

The SAB’s key findings and recommendations are summarized below.

Clarity of and Support for Major Findings: The SAB has concerns regarding the clarity and adequacy
of support for several major findings presented within the draft Assessment Report that seek to draw
national-level conclusions regarding the impacts of hydraulic fracturing on drinking water resources.
The SAB is concerned that these major findings as presented within the Executive Summary are
ambiguous and appear inconsistent with the observations, data, and levels of uncertainty presented and
discussed in the body of the draft Assessment Report. Of particular concern in this regard is the high-
level conclusion statement on page ES-6 that “We did not find evidence that these mechanisms have led
to widespread, systemic impacts on drinking water resources in the United States.” The SAB finds that
the EPA did not support quantitatively its conclusion about lack of evidence for widespread, systemic
impacts of hydraulic fracturing on drinking water resources, and did not clearly describe the system(s) of
interest (e.g., groundwater, surface water), the scale of impacts (i.e., local or regional), nor the
definitions of “systemic” and “widespread.” The SAB observes that the statement has been interpreted
by readers and members of the public in many different ways. The SAB concludes that if the EPA
retains this conclusion, the EPA should provide quantitative analysis that supports its conclusion that
hydraulic fracturing has not led to widespread, systemic impacts on drinking water resources. Twenty-
six of the 30 members of the SAB Panel concluded that the statement also requires clarification and
additional explanation (e.g., discuss what is meant by “any observed change” in the definition of
“impact” in Appendix J, and consider including modifying adjectives before the words “widespread,
systemic impact” in the statement on page ES-6). Four members of the SAB Panel concluded that this
statement is clear, concise and accurate.

The SAB recommends that the EPA revise the major statements of findings in the Executive Summary
and elsewnhere in the final Assessment Report to clearly link these statements to evidence provided in the
body of the final Assessment Report. The EPA should consider prioritizing the major findings that have
been identified within Chapters 4-9 of the final Assessment Report according to expectations regarding
the magnitude of the potential impacts of hydraulic fracturing-related activities on drinking water
resources. The SAB also recommends that the EPA discuss the significant data limitations and
uncertainties, as documented in the body of the draft Assessment Report, when presenting the major
findings. Regarding the EPA’s findings of gaps and uncertainties in publicly available data that the
agency relied upon to develop conclusions within the draft Assessment Report, the EPA should clarify
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and describe the different databases that contain such data and the challenges of accessing them, and
make recommendations on how these databases could be improved to facilitate more efficient
investigation of the data they contain.

The final Assessment Report should make clear that while the hydraulic fracturing industry is rapidly
evolving, with changes in the processes being employed, the Assessment necessarily was developed
with the data available at a point in time.

Recognition of Local Impacts: The SAB finds that the EPA’s initial goal of assessing the HFWC using
national-level analyses and perspective was appropriate. However, the final Assessment Report should
also recognize that many stresses to surface or groundwater resources associated with stages of the
HFWC are often localized in space and temporary in time but nevertheless can be important and
significant. For example, the impacts of water acquisition will predominantly be observed locally at
small space and time scales. These local-level impacts, when they occur, have the potential to be severe,
and the final Assessment Report needs to better recognize the importance of local impacts. In this
regard, the SAB recommends that the agency should include and critically analyze the status, data on
potential releases, and any available findings from the EPA and state investigations conducted in
Dimock, Pennsylvania; Pavillion, Wyoming; and Parker County, Texas, where many members of the
public have stated that hydraulic fracturing activities have caused local impacts to drinking water
resources. Examination of these high-visibility cases is important so that the reader can more fully
understand the status of investigations in these areas, conclusions associated with the investigations,
lessons learned, if any, for the different stages of the hydraulic fracturing water cycle, what additional
work should be done to improve the understanding of these sites and the HFWC, plans for remediation,
if any, and the degree to which information from these case studies can be extrapolated to other
locations.

Prospective Case Studies: The SAB is concerned that the EPA had planned to but did not conduct
various assessments, field studies, and other research, and the SAB recommends that the EPA delineate
these planned activities within the final Assessment Report and discuss why they were not conducted or
completed. All but two Panel members find the lack of prospective case studies as originally planned by
the EPA and described in the research 2011 Study Plan is a limitation of the draft Assessment Report.

Probability and Risk of Failure Scenarios: To help the reader understand the most significant failure
mechanisms associated with the various stages in the HFWC, the EPA should clearly describe the
probability, risk and relative significance of potential hydraulic fracturing-related failure mechanisms,
and the frequency of occurrence and most likely magnitude and/or probability of risk of water quality
impacts associated with such failure mechanisms. For example, the agency should include additional
major findings associated with the higher likelihood of impacts to drinking water resources associated
with hydraulic fracturing well construction, well integrity, and well injection problems. These findings
should discuss factors and effects regarding the severity and frequency of potential impacts from poor
cementation techniques, hydraulic fracturing operator error, migration of hydraulic fracturing chemicals
from the deep subsurface, and abandoned/orphaned oil and gas wells. The agency should also provide
more information regarding the extent or potential extent of the effects of chemical mixing processes
from hydraulic fracturing operations on drinking water supplies. The EPA should provide additional
detail on the extent and duration of the impacts of spilled liquids and releases of flowback and produced
waters when they occur. Furthermore, the agency should also include additional major findings
associated with the effects on drinking water resources of large spill events that escape site containment,
and sustained, undetected leaks.



Chemical Toxicity and Hazard: The agency should compile toxicological information on constituents
(e.g., chemicals, dissolved compounds and ions, and particulates) employed in hydraulic fracturing in a
more inclusive manner, and not limit the selection of hydraulic fracturing constituents of concern to
those that have noncancer oral reference values (RfVs) and cancer oral slope factors (OSFs) that were
peer reviewed only by a governmental or intergovernmental source. The agency should use a broad
range of toxicity data, including information pertinent to subchronic exposures from a number of
reliable sources cited by the SAB in addition to those used in the draft Assessment Report to conduct
hazard evaluation for hydraulic fracturing constituents. As the agency broadens inclusion of
toxicological information to populate missing toxicity data, the EPA can expand the tiered hierarchy of
data described in the draft Assessment Report to give higher priority to constituents with RfVs without
excluding other quality toxicological information that is useful for hazard and risk assessment purposes.

Also, an important limitation of the agency’s hazard evaluation of constituents across the HFWC is the
agency’s lack of analysis of the most likely exposure scenarios and hazards associated with hydraulic
fracturing activities. To help prioritize future research and risk assessment efforts, the agency should
identify the most likely exposure scenarios and hazards and obtain toxicity information relevant to these
exposure scenarios. The EPA provides a wide range of possible scenarios along the HFWC, but more
emphasis is needed on identifying the most likely durations and routes of exposures of concern so that
the EPA can determine what toxicity information is most relevant and focus its research and monitoring
efforts on the most important and/or likely scenarios. The SAB concludes that the selection of likely
scenarios should be based on consideration of findings in prospective and retrospective site
investigations, as well as case studies of public and private wells and surface water supplies impacted by
spills or discharges of flowback, produced water or treated or partially treated wastewater from HFWC
operations. Furthermore, the EPA developed a multi-criteria decision analysis (MCDA) approach to
analyze hydraulic fracturing constituents and identify/prioritize those of most concern. In light of the
limitations described in the SAB’s response to Charge Question 7, and given that the EPA applied this
approach to very few constituents, the EPA should explicitly state that these MCDA results (based only
on constituents with RfVs) should not be used to prioritize the constituents of most concern nationally,
nor to identify future toxicity testing research needs.

Characteristics of HF Fluids: For the sake of clarity, the final Assessment Report should distinguish
between hydraulic fracturing constituents injected into a hydraulic fracturing well vs. constituents that
come out of the hydraulic fracturing well in produced fluids, and between those constituents and
potential impacts unique to hydraulic fracturing oil and gas extraction from those that also exist as a
component of conventional oil and gas development, or those constituents that are naturally occurring in
the formation waters of the production zone. The agency should also clarify whether constituents
identified as being of most concern in produced water are products of the hydraulic fracturing activity,
initial flowback, or later-stage produced water, or are constituents of concern derived from oil and gas
production activities that are not unique to hydraulic fracturing activity or are naturally occurring in the
formation water. This will help inform the readers about the different characteristics of HF injection
flowback and produced waters and in-situ subsurface constituents relative to formation water produced
in conventional oil and gas development.

The SAB finds that the data presented by the EPA within Chapter 5 of the Assessment Report indicate
that spills occur at hydraulic fracturing sites; that there are varying causes, composition, frequency,
volume, and severity of such spills; and that little is known about certain hydraulic fracturing
constituents and their safety. The SAB also finds that the EPA’s conclusion based on these limited data
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(i.e., that the risk to drinking water supplies from this stage of the HFWC is not substantial) is not
supported or linked to data presented in the body of the draft Assessment Report. The EPA should revise
its interpretation of these limited data. In addition, Chapter 8’s summary of water quality characteristics
of hydraulic fracturing wastewaters from various sites clearly indicates that spills or discharges of
inadequately treated hydraulic fracturing wastewater could result in significant adverse impacts on
drinking water quality.

The EPA uses FracFocus 1.0 as the primary source of information on the identity and frequency of use
of constituents in hydraulic fracturing processes, and the SAB expresses concern that the FracFocus
database may not be sufficient. Although the agency acknowledged limitations of the FracFocus data,
the EPA can do more to address these limitations by characterizing available toxicology data on
proprietary constituents, and by using information provided in updated versions of FracFocus on
chemical class, type, mass and concentration.

Baseline Water Quality Data: The EPA should discuss the importance of background and preexisting
chemistry of surface and groundwater in developing a better understanding of whether impacts from
drilling and completion activities can be identified. A major public concern is the appearance of
contaminated or degraded drinking water in wells in areas where hydraulic fracturing occurs. Since
naturally occurring contaminants and degraded drinking water in wells can occur from issues not related
to hydraulic fracturing, the EPA should also include additional discussion on how background and pre-
existing baseline chemistry of surface and groundwater data are used to better understand the impacts of
hydraulic fracturing-related spills and leaks. The scientific complexity of baseline sampling and data
interpretation should be clearly and concisely described.

Approach for Assessing Water Quality and Quantity Impacts: The SAB provides several
suggestions to improve the agency’s approach for assessing the potential that the hydraulic fracturing
water cycle processes for oil and gas production may change the quality or quantity of drinking water
resources. While the draft Assessment Report comprehensively summarizes available information
concerning the sources and quantities of water used during HFWC operations from surface water,
groundwater, and treated HFWC wastewaters, the SAB finds that the potential for water availability
impacts on drinking water resources is greatest in areas with high hydraulic fracturing water use, low
water availability, and frequent drought. The SAB notes, but did not independently confirm, the EPA
conclusion that there are important gaps in the data available to assess water use that limit understanding
of hydraulic fracturing potential impacts on water acquisition.

Definition of Proximity: The final Assessment Report should discuss the agency’s rationale for
selecting a one-mile radius to define proximity of a drinking water resource to hydraulic fracturing
operations, and the potential need to consider drinking water resources at distances greater than one mile
from a hydraulic fracturing operation. The EPA should present more information regarding the vertical
distance between surface-water bodies and the target zones being fractured, the depths of most existing
and potential future water-supply aquifers compared to the depths of most hydraulically fractured wells,
and the increased potential, if any, for impacts on drinking water quality in aquifers. In regard to
potential impacts on aquifers, of particular interest are situations where the vertical distance between the
hydraulically fractured production zone and a current or future drinking water source is relatively small
depending on local hydrogeological conditions.

Treatment of Hydraulic Fracturing Wastewater: The agency should provide clearer information on
the fundamentals of certain hydraulic fracturing wastewater treatment processes, and the occurrence and
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removal of disinfection by-product precursors in addition to bromide. The agency should describe the
basis for nationwide estimates of hydraulic fracturing-related wastewater production, various aspects of
hydraulic fracturing-waste disposal, the locations of hydraulic fracturing-related wastewater treatment
and disposal facilities relative to downstream public water supply intakes and wells, the impacts of water
recycling on pollutant concentrations and their potential impacts on drinking water quality should spills
of recycled water occur, and trends in hydraulic fracturing-related wastewater disposal methods and
their potential impacts on drinking water resources.

Best Management Practices and the Applicable Regulatory Framework: To better inform the
readers on available processes, methods and technologies that can minimize hydraulic fracturing’s
potential impacts to drinking water resources, the SAB recommends that the agency describe best
management practices used by industry at each stage of the HFWC. The EPA should also discuss: (1)
federal, state and tribal standards and regulations implemented with the aim of minimizing the potential
impacts to drinking water resources associated with hydraulic fracturing operations, and (2) the
evolution of oilfield and federal, state and tribal regulatory practices relevant to HFWC activities. The
EPA may develop these summaries as a longer-term future activity.

Accessibility of the Assessment to a Broad Audience: The SAB recommends that the draft
Assessment Report be revised to make it more suitable for a broad audience. It is important that the
Assessment Report, and especially the Executive Summary, be understandable to the general public. The
SAB makes specific recommendations about opportunities to define terms, provide illustrations, and
clarify ambiguities.

In the enclosed report, the SAB provides a number of specific recommendations to improve the clarity
and scientific basis of the EPA’s analyses within the EPA’s draft Assessment Report, as well as
recommendations that the agency may consider longer-term activities to conduct after finalization of the
Assessment Report.

The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look
forward to receiving the agency’s response.

Sincerely,
/Signed/ /Signed/
Dr. Peter S. Thorne Dr. David A. Dzombak
Chair Chair
Science Advisory Board SAB Hydraulic Fracturing Research Advisory Panel

Enclosure



NOTICE

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

Overview

The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board
(SAB) conduct a peer review and provide advice on scientific charge questions associated with the
EPA’s draft Assessment of the Potential Impacts of Hydraulic Fracturing for Oil and Gas on Drinking
Water Resources (External Review Draft, EPA/600/R-15/047, June 2015) (hereafter, the “draft
Assessment Report™). The draft Assessment Report synthesizes available scientific literature and data on
the potential for the hydraulic fracturing water cycle processes involved in oil and gas production to
impact the quality or quantity of drinking water resources, and identifies factors affecting the frequency
or severity of any potential impacts.

The EPA developed the draft Assessment Report in response to a request in 2009 from the United States
Congress, which urged the EPA to examine the relationship between hydraulic fracturing and drinking
water resources. The EPA consulted with stakeholders, and developed a Research Scoping document
followed by a detailed research Study Plan, both of which were reviewed by the SAB, in 2010 and in
2011, respectively. An EPA Progress Report on the study detailing the research approaches, activities,
and remaining work was released in late 2012. A consultation on the Progress Report was conducted in
May 2013 with members of SAB’s Hydraulic Fracturing Research Advisory Panel (the Panel). The
EPA’s draft Assessment Report was released in June 2015 for public comment and review by the Panel.
The EPA used literature and the results from the EPA’s research projects to develop the draft
Assessment Report.

The EPA examined over 3,500 individual sources of information, and cited over 950 of these sources in
the draft Assessment Report. The sources of data that the EPA evaluated included articles published in
science and engineering journals, federal and state reports, non-governmental organization reports, oil
and gas industry publications, other publicly available data and information, including confidential and
non-confidential business information, submitted by industry to the EPA. The draft Assessment Report
also includes citation of relevant literature developed as part of the EPA’s research Study Plan (U.S.
EPA 2011).

At a series of public meetings held in the last quarter of 2015 and the first quarter of 2016, the SAB
Panel reviewed the draft Assessment Report and considered many oral and written public comments to
develop advice on the scientific adequacy of the EPA’s draft Assessment Report. The SAB encourages
the EPA to review and consider the public comments received as it finalizes the draft Assessment
Report. At a public meeting on June 14, 2016, the chartered SAB deliberated on the SAB Panel’s draft
report and agreed that chair and the lead reviewers on the chartered SAB would work with the chair of
the SAB Panel to revise the draft SAB report in accordance with discussions at the June 14, 2016 public
meeting. The body of this report provides the advice and recommendations of the SAB.

The SAB was asked to provide advice and comment on various aspects of the EPA’s draft Assessment
Report through responses to eight charge questions. The multi-part charge questions were formulated to
follow the structure of the assessment, including the introduction, the descriptions of hydraulic
fracturing activities and drinking water resources, the individual stages in the hydraulic fracturing water
cycle (HFWC), the identification and hazard evaluation of hydraulic fracturing constituents (e.g.,



chemicals, dissolved compounds and ions, and particulates), and the overall synthesis of the materials
presented in the assessment.

The enclosed report provides detailed comments and recommendations for improving the draft
Assessment Report, as well as recommendations that the agency may consider longer-term activities that
may be conducted after finalization of the Assessment Report. Also included, as Appendix B, is a
dissenting view from four of the 30 members of the Panel associated with a position taken by the SAB
Panel with respect to one of the EPA’s major findings. The SAB’s key findings and recommendations
are summarized below.

In general, the SAB finds the EPA’s overall approach to assess the potential impacts of hydraulic
fracturing water cycle processes involved in oil and gas production on drinking water resources,
focusing on the individual stages in the HFWC, to be comprehensive but lacking in several critical areas.
The SAB also finds that the agency provided a generally comprehensive overview of the available
literature that describes the factors affecting the relationship of hydraulic fracturing and drinking water,
and adequately described the findings of such published data in the draft Assessment Report. However,
the SAB has concerns regarding various aspects of the draft Assessment Report and has
recommendations for changes to its text and follow-on activities to address gaps that the SAB has
identified.

The SAB recognizes that there are a large number of recommendations included in the body of the SAB
report. The SAB has identified recommendations that the agency may consider longer-term future
activities that the agency can conduct after finalization of the Assessment Report. The SAB recommends
that the agency describe the additional research needed to adequately assess knowledge and information
gaps for the HFWC stages and include this in Chapter 10 or in a chapter that the EPA would add to the
final Assessment Report on ongoing research, and data and research needs.

Thematic Areas for Improving the Draft Assessment Report
The SAB report is organized around the chapters of the draft Assessment Report, which correspond to
the identified stages of the HFWC. However, the SAB identified the following cross-cutting thematic

areas for improvement of the draft Assessment Report, presented by topic area below.

Revisions to the Assessment’s Statements on Major Findings

In its draft Assessment Report, the agency sought to draw national-level conclusions regarding the
impacts of hydraulic fracturing on drinking water resources. The SAB finds that several major summary
findings do not clearly, concisely, and accurately describe the findings as developed in the chapters of
the draft Assessment Report, and that these findings are not adequately supported with data or analysis
from within the body of the draft Assessment Report. The SAB finds that these major findings are
presented ambiguously within the Executive Summary and appear inconsistent with the observations,
data, and levels of uncertainty presented and discussed in the body of the text.

The SAB expresses particular concern regarding the draft Assessment Report’s high-level conclusion on
page ES-6 that “We did not find evidence that these mechanisms have led to widespread, systemic
impacts on drinking water resources in the United States.” The SAB finds that the EPA did not support
quantitatively its conclusion about lack of evidence for widespread, systemic impacts of hydraulic
fracturing on drinking water resources, and did not clearly describe the system(s) of interest (e.g.,
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groundwater, surface water), the scale of impacts (i.e., local or regional), nor the definitions of
“systemic” and “widespread”. The SAB observes that the statement has been interpreted by readers and
members of the public in many different ways. The SAB concludes that if the EPA retains this
conclusion, the EPA should provide quantitative analysis that supports its conclusion that hydraulic
fracturing has not led to widespread, systemic impacts on drinking water resources. Most Panel
members also conclude that the statement requires clarification and additional explanation (e.qg.,
consider including possible modifying adjectives before the words “widespread, systemic impact” in the
statement on page ES-6). The SAB also concludes that the EPA should carefully consider whether to
revise the definition of impact as provided in Appendix J of the draft Assessment Report (e.g., discuss
what is meant by “any observed change” in the definition of “impact” in Appendix J). Four of the 30
Panel members find that this statement on page ES-6 is acceptable as written, but note that the EPA
should have provided a more robust discussion on how it reached this conclusion. Further details
regarding these four Panel members’ opinion are noted in Appendix B to this Report.

The agency should strengthen the Executive Summary and Chapter 10 Synthesis by linking the stated
findings more directly to evidence presented in the body of the draft Assessment Report. The EPA
should more precisely describe each of the major findings of the draft Assessment Report, in both the
Executive Summary and Chapter 10 Synthesis, including specific cases of drinking water impacts that
relate to these major findings. The EPA should consider prioritizing the major findings that have been
identified within Chapters 4-9 of the final Assessment Report according to expectations regarding the
magnitude of the potential impacts of hydraulic fracturing-related activities on drinking water resources.

The agency should revise the synthesis discussion in Chapter 10 to present integrated conclusions, rather
than a summary of findings from Chapters 4-9. The draft Assessment Report compartmentalizes the
major stages of the HFWC into separate chapters. This compartmentalization is preserved in the
Synthesis. As a result, implications that stem from integration of the major findings and potential issues
that cut across chapters of the draft Assessment Report go largely unexplored. Integrated conclusions are
needed. The agency should also revise Chapter 10 to discuss methods to reduce uncertainties related to
the HFWC, including ongoing research, and data and research needs.

More Attention to Local Impacts

The SAB finds that the EPA’s initial goal of assessing the HFWC using national-level analyses and
perspective was appropriate. However, the final Assessment Report should recognize that many stresses
to surface or groundwater resources associated with stages of the HFWC are often localized in space and
temporary in time but can nevertheless be important and significant. For example, the impacts of water
acquisition will predominantly be felt locally at small space and time scales. These local-level potential
impacts have the potential to be severe, and the final Assessment Report needs to better characterize and
recognize the importance of local impacts, especially since locally important impacts are unlikely to be
captured in a national-level summary of impacts.

With regard to local impacts, the SAB recommends that the agency include and explain the status, data
on potential releases, and findings if available, for the EPA and state investigations conducted in
Dimock, Pennsylvania; Pavillion, Wyoming; and Parker County, Texas, where many members of the
public have stated that hydraulic fracturing activities have caused local impacts to drinking water
resources. Examination of these high-visibility cases is important so that the reader can more fully
understand the status of investigations in these areas; conclusions associated with the investigations;
lessons learned, if any, for the different stages of the hydraulic fracturing water cycle; what additional
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work should be done to improve the understanding of these sites with respect to the HFWC; plans for
remediation, if any; and the degree to which information from these case studies can be extrapolated to
other locations.

The SAB is concerned that the EPA had planned to but did not conduct various assessments, field
studies, and other research, and the SAB recommends that the EPA delineate these planned activities
within the final Assessment Report and discuss why they were not conducted or completed. For
example, the EPA had planned to conduct prospective case studies that contemplated drilling
observation wells, collection of groundwater samples and other monitoring before and during drilling,
hydraulic fracturing, and production operations. The goal was to follow the complete development of
production wells, and to collect data prior to, during, and after hydraulic fracturing at the sites. Such
studies would allow EPA to evaluate changes in water quality over time: throughout drilling, injection of
fracturing fluids, flowback, and production. These planned prospective studies were not conducted or
completed by the EPA, and the reasons for not conducting them were not described in the draft
Assessment Report. The datasets collected during planned prospective case studies would have
benefited the EPA’s assessment in evaluating changes in water quality over time, if any, and assessing
the fate and transport of HFWC constituents if a release was observed. The SAB finds that the EPA
should evaluate lessons learned from its initial attempts and implementation challenges in developing
the prospective case studies, including how these lessons could inform design of future prospective case
studies.

The SAB concludes that the lack of prospective case studies as originally planned by the EPA and
described in the research 2011 Study Plan is a limitation of the draft Assessment Report, since the
studies would have allowed the EPA to monitor the potential impacts of HF activities on the HFWC to a
level of detail not routinely practiced by industry or required by most state regulations. Such detailed
data would enable EPA to reduce current uncertainties and research gaps regarding the relationship
between hydraulic fracturing and drinking water. Two Panel members do not find the lack of
prospective case studies to be a limitation to the draft Assessment Report, based on the perspective that
investigations conducted by universities, consulting firms, and other external stakeholders could be used
in lieu of the agency conducting such studies.

The SAB recommends that the EPA investigate prospective studies that may have been conducted by
other organizations on site-specific hydraulic fracturing operations to identify research gaps regarding
the relationship between hydraulic fracturing and drinking water resources, and to describe such studies
in the final Assessment Report. The final Assessment Report should identify ongoing and future needs
for research, assessments, and field studies. The EPA, as a longer-term future activity, should continue
research on expanded case studies and long-term prospective case studies in collaboration with
appropriate state and regional regulatory agencies. The SAB finds that the final Assessment Report
should describe the agency’s plans for conducting prospective studies and other research that the EPA
had planned but did not conduct as described in the research Study Plan.

The draft Assessment Report provided limited information on the magnitude of hydraulic fracturing
spills from all available sources and used information from two states — Pennsylvania and Colorado — to
estimate the frequency of on-site spills nationwide. The SAB finds that the draft Assessment Report’s
analysis of spill data cannot be extrapolated across the entire United States. The SAB recommends that
the agency revisit a broader grouping of states and “refresh” the final Assessment Report with updated
information on the reporting of spills associated with HFWC activities. The draft Assessment Report
does not provide a robust discussion regarding the information yielded from available data on HFWC
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spills, and SAB recommends that the EPA assess and discuss the current status of data reporting on
spills, the nature of hydraulic fracturing fluids, and a more thorough presentation and explanation of the
frequency and types of data reported by the hydraulic fracturing industry. In addition, the SAB finds that
it is essential to have more extensive and reliable information on type, intensity, and duration of
exposures to constituents to determine whether hydraulic fracturing activities in different locales pose
health risks in relation to water quality impacts.

Data Limitations and What Needs to Be Done to Address Such Limitations

Throughout the draft Assessment Report, within discussions for each stage of the HFWC, the EPA notes
that there are data limitations that prevented the EPA from doing analyses that the EPA desired to
conduct. Within these discussions, the EPA should outline the level of data that the EPA would desire in
order for it to conduct an appropriate assessment of that topic area.

For example, based on information in the draft Assessment Report analyses on sources and quantities of
water used in hydraulic fracturing, the SAB notes, but did not independently confirm, the EPA
conclusion that there are gaps and uncertainties in publicly available data upon which the EPA relied .
The agency should, as a longer-term future activity: (1) synthesize information that is collected by the
states but not available in mainstream databases, such as well completion reports, permit applications,
and the associated water management plans; and (2) assess whether there are specific local and regional
aquifers that are particularly impacted by HFWC activities, and if so, provide quantifiable information
on this topic. In the final Assessment Report the agency should describe the scale of the EPA’s task for
investigating, gathering and organizing data collected by states and data available from state agencies.
The agency should also describe the challenges associated with conducting this investigation and the
critical lessons learned from the effort. The EPA should also clarify and describe the different databases
that contain relevant data, the challenges of assessing them, and make recommendations on how these
databases could be improved to facilitate more efficient investigation of these databases. Such
descriptions would also provide for greater transparency to external stakeholders.

Data Needs Regarding Constituents of Concern

The SAB finds that the EPA could improve its use of the FracFocus Chemical Disclosure Registry
database. The agency should acknowledge the limited information on the fluids being injected, and
should describe its concerns regarding its reliance on the February 2013 FracFocus version 1.0 for its
findings in the final Assessment Report. The agency should also revise the final Assessment Report to
characterize data on proprietary compounds that the EPA may have, and information provided in
FracFocus on chemical class, type, mass and concentration (i.e., concentration of the constituent, in
terms of % by mass, in the hydraulic fracturing fluid).

In Chapter 9, the EPA presents a Multi-Criteria Decision Analysis (MCDA) approach that the EPA
conceived, designed and formulated as a logical approach for assessing the scope and potential impacts
of hydraulic fracturing on national drinking water resources given that the information used is limited
and fragmented. The SAB finds that the agency should not restrict the criteria for selection of hydraulic
fracturing constituents of concern (or not of concern) to solely constituents that have non-cancer oral
reference values (RfVs) and cancer oral slope factors (OSFs) that were peer reviewed only by a
governmental or intergovernmental source. The agency should expand the criteria for identifying
hydraulic fracturing constituents of concern through use of peer-reviewed toxicity data, including
information pertinent to sub-chronic exposures available from a number of reliable sources. The final
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Assessment Report should explicitly indicate what fraction of the constituents identified in hydraulic
fracturing fluid and/or produced waters have some hazard information (e.g., toxicity data available from
or used by the U.S. federal government, state governments, or international non-governmental
organizations for risk assessment purposes, or publicly available peer-reviewed data), and what fraction
have no available information.

There is uncertainty regarding which hydraulic fracturing constituents are currently in use. A crucial
oversight within the draft Assessment Report is the lack of discussion on the degree of undetected,
unmonitored hydraulic fracturing constituents and analytical assessment of the many uncommon
constituents used in hydraulic fracturing. The SAB recommends that the EPA assess impacts and the
underlying uncertainty associated with these undetected, unmonitored hydraulic fracturing constituents
and incorporate such an assessment into this chapter of the final Assessment Report. This assessment
should also consider how many hydraulic fracturing constituents that are in use do not have analytical
methods, and are not undergoing monitoring.

The SAB recommends that the EPA, in collaboration with state agencies, outline a plan for analyzing
organic compounds in HF flowback and produced waters. Flowback and produced water composition
data are limited and the majority of available data are for inorganics. Furthermore, data are needed on
the formation of disinfection by-products in drinking water treatment plants downstream from
Centralized Wastewater Treatment Facilities (CWTFs) and from Publicly Owned Treatment Works
(POTWs) receiving hydraulic-fracturing-related wastewater. Also, significant releases of bromide from
hydraulic fracturing operations to surface or ground waters subsequently become part of intake water at
downstream drinking water treatment plants and upon disinfection can result in concentrations of
brominated organic compounds that are potentially deleterious to human health due to the formation of
disinfection by-products (DBP). The EPA should discuss whether a bromide salt is ever added as an
injection constituent.

For the sake of clarity, the final Assessment Report should distinguish between hydraulic fracturing
constituents injected into a hydraulically fractured well vs. constituents that come out of the well in
produced fluids. It should also distinguish between those constituents and potential impacts unique to
hydraulic fracturing oil and gas extraction and those that also exist as a component of conventional oil
and gas development or are naturally occurring constituents in the drinking water source or production
zone. The final Assessment Report should also clarify whether constituents identified as being of most
concern in produced water are products of the hydraulic fracturing activity, flowback, or later-stage
produced water, or are constituents of concern derived from oil and gas production activities that are not
unique to hydraulic fracturing activity. This will help inform the readers about the different
characteristics of HF flowback and produced waters and in-situ groundwater constituents as compared to
formation water produced in conventional oil and gas development.

The SAB finds that the data presented by the EPA within Chapter 5 indicate that spills occur at
hydraulic fracturing sites; that there are varying causes, composition, frequency, volume, and severity of
such spills; and that little is known about certain hydraulic fracturing constituents and their safety. The
SAB also finds that the EPA’s conclusion based on these limited data (i.e., that the risk to drinking water
supplies from this stage of the HFWC is not substantial) is not supported or linked to data presented in
the body of the draft Assessment Report. The EPA should revise its interpretation of these limited data.
In addition, Chapter 8’s summary of water quality characteristics of hydraulic fracturing wastewaters
from various sites clearly indicates that spills or discharges of inadequately treated hydraulic fracturing
wastewater could result in significant adverse impacts on drinking water quality.
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Best Management Practices and Changes in Hydraulic Fracturing Operations

The SAB recognizes that the EPA did not intend for the final Assessment Report to serve as a guide to
best management practices for hydraulic fracturing operations. Nevertheless, it is clear that management
practices can significantly influence the potential for adverse impacts to drinking water resources to
occur, both in terms of frequency and occurrence. Therefore, the SAB recommends that the agency
describe best management practices used by industry at each stage of the HFWC, to better inform the
readers on available processes, methods and technologies that can prevent or minimize hydraulic
fracturing’s potential impacts to drinking water resources. Also, the EPA should summarize significant
technological changes that have occurred since 2012 in hydraulic fracturing operations related to the
HFWC (e.g., changes in well construction practices, well integrity testing, and well injection) and assess
the influence of these changes on the frequency and severity of potential impacts to drinking water
resources). This summary of best management practices and technological changes need not be an
exhaustive analysis of such practices and changes. The EPA may develop this summary as an item for
longer-term future activity.

Evolving Regulatory Framework

In Chapter 1, the agency should provide a concise overview discussion of the relevant federal, state and
tribal laws and requirements pertaining to HFWC activities for oil and gas development, and
mechanisms for enforcement of the laws and requirements with respect to protection of surface water
quality, groundwater quality, municipal water supplies, and private wells. The overview should provide
a description of organizations typically responsible for monitoring and regulating HFWC activities, and
describe: (1) federal, state and tribal standards and regulations that have been implemented with the aim
of preventing or minimizing the potential impacts of hydraulic fracturing on drinking water resources;
and (2) changes in oilfield operations and regulations that are relevant to HFWC activities. The final
Assessment Report should make clear that the hydraulic fracturing industry is rapidly evolving, with
changes in the processes being employed, whereas the Assessment necessarily was developed with the
data available at a point in time. The EPA should consider reviewing hydraulic fracturing-related
standards and regulations within a few key states such as Pennsylvania, Wyoming, Texas, Colorado and
California, which all have implemented new hydraulic fracturing-related regulations since 2012. The
EPA could consider the work completed on this topic by the Interstate Oil and Gas Compact
Commission, the State Review of Oil, Natural Gas, Environmental Regulations, Inc. organization, and
the Groundwater Protection Council. This overview discussion of the relevant laws and requirements
need not be an exhaustive analysis of such practices and changes. The EPA may develop this overview
as a longer-term future activity.

Transparency and Clarity of the Assessment

The SAB recommends that the draft Assessment Report be revised to make it more suitable for a broad
audience. As currently written, the Executive Summary is understandable to technical experts in
geoscience and engineering, but will be less clear to a general audience. It is important that the general
public be able to understand the Assessment Report and especially the Executive Summary. The SAB
makes specific recommendations about opportunities to define terms, provide illustrations, clarify
ambiguities, and be more precise in the presentation of major findings. Clearer statements are needed on
the goals and scope of the assessment and on specific descriptions of hydraulic fracturing activities.
Well-designed diagrams and illustrations (including photographs of field site equipment and facilities)
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should be added to enhance the public’s understanding of hydraulic fracturing activities and operations.
Technical terms should be used sparingly and should always be defined, and graphics should be
introduced to illustrate and clarify key concepts and processes.

Highlights of Responses to Specific Charge Questions

The SAB provides a number of additional suggestions to improve the agency’s approach for assessing
the potential that HFWC activities may change the quality or quantity of drinking water resources.
Among these is a recommendation that the final Assessment Report should identify critical data and
research needs for reducing uncertainties. A more detailed description of the technical recommendations
is included in the body of the SAB report, and the responses to specific charge questions are highlighted
below.

Goals, Background and History of the Assessment (Charge Question 1)

The goal of the assessment was to review, analyze, and synthesize available data and
information concerning the potential impacts of hydraulic fracturing on drinking water
resources in the United States, including identifying factors affecting the frequency or severity of
any potential impacts. In Chapter 1 of the assessment, are the goals, background, scope,
approach, and intended use of this assessment clearly articulated? In Chapters 2 and 3, are the
descriptions of hydraulic fracturing and drinking water resources clear and informative as
background material? Are there topics that should be added to Chapters 2 and 3 to provide
needed background for the assessment?

Chapters 1, 2, and 3 provide a generally well written overview of the assessment and descriptions of
hydraulic fracturing, the HFWC, and drinking water resources. However, Chapter 1 could be improved
by including and highlighting a concise statement of the goals of the assessment, and by incorporating a
more careful statement of its scope. The description of hydraulic fracturing in Chapter 2 is clear and
informative, but needs to give more emphasis to some aspects of hydraulic fracturing that distinguish it
from conventional water well and oil/gas well construction. The description of drinking water resources
in Chapter 3 is also clear and informative, but could be improved, in particular by paying more attention
to the local geology, hydrogeology, and to the physical properties (thickness, porosity, permeability,
fracture density) of the rock layers overlying target horizons, and including more discussion of the
characteristics and proximity of overlying water-supply aquifers.

As the intended users of the final Assessment Report range from policy makers and regulators to the
industry and the public, the EPA should include illustrative material (illustrations, diagrams, and charts)
in these chapters so that non-technical readers have visuals to facilitate understanding of the technical
material. Within Chapters 2 and/or 3, the final Assessment Report should also include discussions of
new hydraulic fracturing technologies. Within Chapter 1 or an appendix, the final Assessment Report
should include an overview discussion of federal, state and tribal standards and regulations that pertain
to hydraulic fracturing activities for oil and gas development, and mechanisms for enforcement of the
laws with respect to protection of surface water quality, groundwater quality, municipal water supplies,
and private wells. The overview should provide a description of organizations responsible for
monitoring and regulating HFWC activities.

The EPA should add more information regarding groundwater resources in hydraulically fractured areas
(e.g., typical depths to aquifers, confined or unconfined aquifers, and aquifer thicknesses). The final
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Assessment Report should present more information regarding the vertical distance between surface-
water bodies and the target zones being fractured and the depths of most existing and potential future
water-supply aquifers compared to the depths of most hydraulically fractured wells. In addition, in
regard to potential impacts on aquifers, the final Assessment Report should present more information
regarding situations where the vertical distance between the hydraulically fractured production zone and
a current or future drinking water source is relatively small depending on local hydrogeological
conditions. Differences in the fracturing morphology as a function of depth should also be discussed.
The final Assessment Report should include text to describe why the EPA assessed certain HF-related
topics and issues, while others (e.g., contamination from drilling fluids and cuttings) were considered to
be beyond the scope of the assessment.

It should be emphasized that the EPA-conducted research was integrated with a large amount of
additional information and research. The EPA should explicitly explain what it did in terms of its own
research in developing the assessment. The EPA should also discuss the temporal characteristics and
differences in temporal characteristics for the HFWC stages in Chapter 2 (e.g., the differences in
duration of the actual hydraulic fracturing of the rock versus the duration of production). In addition, the
EPA should assess whether there are specific local and regional aquifers that are particularly impacted
by hydraulic fracturing activities, and if so, provide quantifiable information on this topic within the
final Assessment Report.

Also, the section on site identification and well development in Chapter 2 should include some
discussion noting that the geological formations now being targeted for oil and gas production using
hydraulic fracturing and horizontal drilling require closer well spacing that, compared to conventional
drilling methods, may have greater potential impacts on drinking water resources. More discussion of
the potential impacts on drinking water resources, both positive and negative, of well densities and
multiple wells on one pad in unconventional oil and gas development should be included. In addition,
the EPA should recognize in Chapter 2 that some oil and gas resources being developed with the aid of
hydraulic fracturing are located in close proximity to large populations.

Water Acquisition Stage in the HFWC (Charge Question 2)

The scope of the assessment was defined by the HFWC, which includes a series of activities
involving water that support hydraulic fracturing. The first stage in the HFWC is water
acquisition: the withdrawal of ground or surface water needed for hydraulic fracturing fluids.
This is addressed in Chapter 4.

a. Does the assessment accurately and clearly summarize the available information
concerning the sources and quantities of water used in hydraulic fracturing?

b. Are the quantities of water used and consumed in hydraulic fracturing accurately
characterized with respect to total water use and consumption at appropriate temporal
and spatial scales?

c. Are the major findings concerning water acquisition fully supported by the information
and data presented in the assessment? Do these major findings identify the potential
impacts to drinking water resources due to this stage of the HFWC? Are there other
major findings that have not been brought forward? Are the factors affecting the
frequency or severity of any impacts described to the extent possible and fully supported?

d. Are the uncertainties, assumptions, and limitations concerning water acquisition fully
and clearly described?



e. What additional information, background, or context should be added, or research gaps
should be assessed to better characterize any potential impacts to drinking water
resources from this stage of the HFWC? Are there relevant literature or data sources that
should be added in this section of the report?

An enormous amount of available information about the quantities of water used in hydraulic fracturing
was synthesized in Chapter 4 of the draft Assessment Report. The agency concludes Chapter 4 with a
statement that the quantity of water withdrawn for hydraulic fracturing represents a small proportion of
freshwater usage at regional or state-wide levels. While the draft Assessment Report comprehensively
summarizes available information concerning the sources and quantities of water used during HFWC
operations from surface water, groundwater, and treated wastewaters, the SAB finds that the EPA’s
statistical extrapolation to describe average conditions at the national scale masks important regional and
local differences in water acquisition impacts. Many stresses to surface or groundwater resources
associated with water acquisition and hydraulic fracturing are often localized in space and temporary in
time but nevertheless can be important and significant.

The SAB concurs with the EPA’s findings that water withdrawals for hydraulic fracturing are capable of
temporarily altering the flow regimes of streams, even in regions of rainfall abundance, and that the
potential for water availability impacts on drinking water resources is greatest in areas with high
hydraulic fracturing water use, low water availability, and frequent drought. While the SAB concurs
with these findings, within the final Assessment Report the agency should succinctly summarize the
regulatory, legal, management, and market frameworks in which the HFWC activities are managed that
aim to minimize the potential for these negative impacts. For example, the regulatory framework in
Pennsylvania that is discussed in the draft Assessment Report and its effects on managing water
withdrawal could be cited among the EPA’s major findings.

The EPA should describe best management practices being implemented by the states or other
regulatory agencies (e.g., the Susquehanna River Basin Commission) that have well established
programs in permitting, collecting, monitoring and managing water resources as a longer-term future
activity. In the final Assessment Report the agency should describe the scale of the task for gathering
and organizing data collected by states, its efforts to investigate data available from state agencies, and
the critical lessons learned from the effort.

The SAB recommends that the EPA conduct further work to explore how hydraulic fracturing water
withdrawals affect short-term water availability at local scales. The EPA should enhance the
understanding of localized impacts by providing more focus and analysis on the Well File Review and
on examining other information not in literature and common databases to provide information about
actual hydraulic fracturing water acquisition and its relationship to drinking water.

The SAB is concerned that the EPA had planned to conduct, but did not conduct, prospective case
studies that contemplated drilling observation wells, collection of groundwater samples and other
monitoring before and during drilling, hydraulic fracturing and production operations. The goal for the
prospective studies was to follow the complete development of production wells, and to collect data
prior to, during, and after hydraulic fracturing at the sites. Such studies would allow EPA to carefully
evaluate changes in water quality over time: throughout drilling, injection of fracturing fluids, flowback,
and production.

The SAB finds that the datasets collected during planned prospective case studies would have benefited
the EPA’s assessment in evaluating changes in water quality over time, if any, and assessing the fate and
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transport of potential constituent contaminants if a release was observed. The SAB finds that such
detailed data would enable the EPA to reduce current uncertainties and research gaps about the relation
between hydraulic fracturing water acquisition and drinking water. The SAB finds that the EPA should
evaluate lessons learned from its initial attempts and implementation challenges in developing the
prospective case studies, including how these lessons could inform design of future prospective case
studies.

There are several additional major findings that the EPA should identify within this chapter. First, it
should more clearly emphasize that many stresses on water resources are expected to be localized in
space and temporary in time but can be important and significant, and should not understate the potential
for localized problems associated with such stresses. Second, the final Assessment Report should
consider further exploring and describing how water acquisition and associated potential impacts on
lowered streamflow and water table drawdown could affect the availability and quality of drinking
water. Third, the EPA final Assessment Report should expand on the discussion of the evolution and
utilization of technologies that are being used to facilitate use and reuse of produced water and use of
other historically underutilized sources of water (e.g., seawater, brackish groundwater containing 3,000-
10,000 mg/L TDS, mine drainage, and treated wastewaters) that if used for hydraulic fracturing (or other
purposes) could reduce the impacts of water acquisition on drinking water sources.

Chemical Mixing Stage in the HFWC (Charge Question 3)

The second stage in the HFWC is chemical mixing: the mixing of water, chemicals, and proppant
on the well pad to create the hydraulic fracturing fluid. This is addressed in Chapter 5.

a. Does the assessment accurately and clearly summarize the available information
concerning the composition, volume, and management of the chemicals used to create
hydraulic fracturing fluids?

b. Are the major findings concerning chemical mixing fully supported by the information
and data presented in the assessment? Do these major findings identify the potential
impacts to drinking water resources due to this stage of the HFWC? Are there other
major findings that have not been brought forward? Are the factors affecting the
frequency or severity of any impacts described to the extent possible and fully supported?

c. Are the uncertainties, assumptions, and limitations concerning chemical mixing fully and
clearly described?

d. What additional information, background, or context should be added, or research gaps
should be assessed, to better characterize any potential impacts to drinking water
resources from this stage of the HFWC? Are there relevant literature or data sources that
should be added in this section of the report?

The chemical mixing stage of the HFWC, addressed in Chapter 5 of the draft Assessment Report,
includes a series of above-ground, engineered processes involving complex hydraulic fracturing fluid
pumping and mixing operations. The potential failure of these processes, including on-site and near-site
containment, poses a potentially significant risk to drinking water supplies. The SAB finds that the data
presented by the EPA within this chapter indicate that spills occur at hydraulic fracturing sites; that there
are varying causes, composition, frequency, volume, and severity of such spills; and that little is known
about certain hydraulic fracturing constituents and their safety. While the EPA conducted a large effort
in developing this chapter, all but one Panel member are concerned that two fundamental, underlying
questions have not been answered: (1) What is the potential that spills occurring during the chemical
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mixing process affect drinking water supplies? and (2) What are the relevant concerns associated with
the degree to which these spills impact drinking water supplies?

The SAB is also concerned that the EPA’s major finding that: “None of the spills of hydraulic fracturing
fluid were reported to have reached groundwater” is supported only by an absence of evidence rather
than by evidence of absence of impact. The EPA should assess the likelihood of detecting an impact
given the current state of groundwater and surface water monitoring in the United States. If routine
monitoring systems are adequate to capture this impact if it occurred, then a lack of evidence of impact
may support a conclusion that there was no impact. If the routine monitoring systems would not be
expected to capture an impact that occurred, then a lack of evidence of impact may not support a
conclusion of no impact. The limitations of the data sources (e.g., FracFocus) appear to have led to an
incomplete record associated with the potential impacts associated with such spills. Further, there is a
lack of a critical assessment of the data presented in this chapter in a number of instances, and the SAB
concludes that the EPA needs to conduct such critical assessment to support conclusions that the EPA
may make on such data. One Panel member finds that the draft Assessment Report provided a thorough
description of the variables associated with a spill (i.e., amount, duration, soils, weather, groundwater,
surface water, constituents released, and other spill aspects), and noted that the Report should provide
more granularity on how states respond to spills.

There are two areas of uncertainty in this chapter of the draft Assessment Report that should be
described more clearly in the final Assessment Report:
(1) There is uncertainty regarding which hydraulic fracturing constituents have been used
globally and at any specific site; and
(2) There is uncertainty regarding the frequency, severity, and types of hydraulic fracturing-
related spills and their associated impacts.

To reduce these uncertainties, the EPA should make Chapter 5 more current by including more recent
available data, and conduct a more comprehensive and thorough analysis of the available data, on these
topics. Chapter 5, as it stands, provides little information on the magnitude of hydraulic fracturing spills
and it does not adequately describe either the uncertainty associated with the data or the lack of
understanding of such spills. The SAB notes that the EPA’s estimates on the frequency of on-site spills
were based upon information from two states. While the SAB recognizes that the states of Pennsylvania
and Colorado likely have the most complete datasets on this topic that the EPA could access, the SAB
finds that the draft Assessment Report’s analysis of spill data cannot be extrapolated across the entire
United States. The SAB also notes that subsurface conditions commonly vary within and between states
and this limits potential extrapolation of this dataset towards topics other than frequency of spills (e.g.,
while the geology may not have a large effect on the frequency or volume of a spill, the dataset could be
used to assess issues regarding the fate and potential impacts of spilled hydraulic fracturing constituents
in different geologies). The SAB encourages the agency to contact state agencies, review state databases
and update the final Assessment Report to reflect a broader analysis. While the SAB recognizes that
state database systems vary, the databases should be incorporated into the EPA’s reporting of metrics
within the final Assessment Report.

The SAB recommends that the agency revisit a broader grouping of states and “refresh” the final
Assessment Report with updated information on the reporting of spills associated with HFWC activities.
The SAB finds that the reported uncertainties, assumptions, and limitations concerning chemical mixing
are not fully and clearly described, and that data limitations compromise the ability to develop
definitive, quantitative conclusions within the final Assessment Report regarding the frequency and
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severity of spilled liquids. The SAB also concludes that the retrospective case studies that are reported in
the draft Assessment Report do not provide sufficient clarity on: the potential severity of spilled liquids;
pre-existing conditions of groundwater; causation for the issue; whether related to specific HF activity,
and if so which aspect (e.g., well integrity); or current regulatory status with the relevant agencies
associated with the sites. The EPA provided incomplete data on chemical mixing process spill frequency
and the potential severity of effects of such spills on drinking water resources. The SAB finds that the
EPA’s conclusion based on these limited data (i.e., that the risk to drinking water supplies from this
stage of the HFW(C is not substantial) is not supported or linked to data presented in the body of the draft
Assessment Report. The EPA should revise its interpretation of these limited data.

The SAB recommends that the EPA revise its assessments associated with the chemical mixing stage of
the HFWC. To address these aforementioned concerns, the agency should:

e Revise Chapter 5 of the final Assessment Report to provide more information regarding the
extent or potential extent of the effects of spills associated with chemical mixing processes from
hydraulic fracturing operations on drinking water supplies.

o Define “severity” in a way that is amenable to quantitative analysis and clearly delineate those
factors contributing to spill severity.

e Describe the type of data needed to provide a meaningful assessment of the extent, severity and
potential impacts of spills. The assessment needs to be critical and based on the relevant factors
contributing to spill severity, including the mass of constituents spilled, the total volumes of the
spills, duration of the spills, and site geology.

e Describe clearly the efforts that the EPA made to use available data, and barriers, if any, that the
EPA encountered.

¢ Include within the final Assessment Report a more thorough presentation and explanation of the
frequency and types of data that the hydraulic fracturing industry reports, some of which may
not be readily accessible (i.e., not in an electronic format that is ‘searchable’).

e Provide improved analysis on the current state of data reporting on spills and the nature of
hydraulic fracturing fluids.

e Investigate at least one state as a detailed example for scrutinizing the available spill data (since
a number of states have spill reporting requirements and processes).

Well Injection Stage in the HFWC (Charge Question 4)

The third stage in the HFWC is well injection: the injection of hydraulic fracturing fluids into the
well to enhance oil and gas production from the geologic formation by creating new fractures
and dilating existing fractures. This is addressed in Chapter 6.

a. Does the assessment clearly and accurately summarize the available information
concerning well injection, including well construction and well integrity issues and the
movement of hydraulic fracturing fluids, and other materials in the subsurface?

b. Are the major findings concerning well injection fully supported by the information and
data presented in the assessment? Do these major findings identify the potential impacts
to drinking water resources due to this stage of the HFWC? Are there other major
findings that have not been brought forward? Are the factors affecting the frequency or
severity of any impacts described to the extent possible and fully supported?

c. Are the uncertainties, assumptions, and limitations concerning well injection fully and
clearly described?

d. What additional information, background, or context should be added, or research gaps
should be assessed, to better characterize any potential impacts to drinking water
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resources from this stage of the HFWC? Are there relevant literature or data sources that
should be added in this section of the report?

The well injection stage has an important role in the HFWC’s potential influence on drinking water
resources. The chapter covers a wide range of topics and raises many potential issues regarding the
potential effects of hydraulic fracturing on drinking water resources. While Chapter 6 provides a
comprehensive overview of the well injection stage in the HFWC, the chapter is very densely written
and may not be accessible to the nontechnical reader. The SAB recommends that the EPA include
additional, clearer diagrams and illustrations in this chapter to help the reader better understand the
concepts and the most significant failure scenarios and mechanisms regarding this stage in the HFWC.
The EPA should also include discussions of new technologies and federal, state and tribal standards and
regulations intended to improve hydraulic fracturing operations.

Chapter 6 provides a comprehensive list of possible hydraulic fracturing-related failure scenarios and
mechanisms related to this stage in the HFWC. Before drawing conclusions on water quality impacts
associated with this HFWC stage, the agency should:

e More clearly describe the probability, risk, and relative significance of potential hydraulic
fracturing-related failure mechanisms, and the frequency of occurrence and most likely
magnitude and/or probability of risk of water quality impacts, associated with this stage in the
HFWC.

e Include a discussion of recent state hydraulic fracturing well design standards, required
mechanical integrity testing in wells, new technologies and fracture fluid mixes, and federal,
state and tribal regulatory standards that have changed, or may have changed, the probability of
risk of water quality impacts associated with this stage in the HFWC.

¢ Include an analysis and discussion on hydraulic fracturing case studies and example situations
where impacts may have occurred.

Important lessons from carbon capture and storage studies, such as those conducted under the U.S.
Department of Energy (DOE), have shown that well construction and integrity issues are a primary
concern with potential releases of constituents into the environment associated with subsurface storage.
The SAB notes that these carbon capture and storage studies have relevance to assessments regarding
potential releases from hydraulic fracturing activities. The SAB recommends that the agency examine
DOE data and reports on risks of geological storage of CO- to water resources and include relevant
information in the Assessment Report.

In the descriptions of the interpretive models used to assess fracture propagation and fluid migration
introduced and discussed in this chapter, the EPA should clarify that the model results are not based on
construction of a rigorous, predictive model that has been verified by reproducing field measured values
of fluid pressure and as such the model results cannot be called “evidence.” In the final Assessment
Report the EPA should clearly describe the limitations of interpretive models. The EPA should clarify
that the models provide possible outcomes that are limited by the assumptions made in design and
implementation of the model. Any reference to a model needs to state the assumptions/limitations of the
model. Predictive models need to be validated with actual field measurements/data before making
forward predictions of fracture propagation and fluid migration.

The final Assessment Report should include some discussion about the ongoing work associated with
induced seismicity in HFWC activities and potential impacts on drinking water resources associated
with hydraulic fracturing activity. Induced seismicity from well injection for hydraulic fracturing should
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be distinguished from induced seismicity associated with hydraulic fracturing wastewater disposal via
Class Il deep well injection. Detailed discussion of induced seismicity from hydraulic fracturing-related
wastewater disposal and related federal, state and tribal regulatory response should be reserved for
Chapter 8 which is focused on hydraulic fracturing-related wastewater treatment and disposal. The
trends associated with such induced seismicity should also be discussed, including whether deep well
injection of hydraulic fracturing-related wastewater is being reduced because of regulatory changes
driven by public concerns about seismic activity and its associated costs, as recently occurred in
Oklahoma.

A key aspect associated with assessing impacts from HFWC operations on drinking water supplies is
well construction and operations that are protective of drinking water resources, location and
characterization of abandoned/orphaned oil and gas wells, and isolation of potable water from hydraulic
fracturing operations. The agency should recognize in the final Assessment Report that the following
activities are essential activities for the protection of drinking water resources during the well injection
stage of hydraulic fracturing operations: inspection, testing and monitoring of the tubing, tubing-casing
annulus and other casing annuli; and monitoring and testing of the potable groundwater through which
the tubing, tubing-casing annulus and other casing annuli pass.

The SAB also notes that the EPA can reduce uncertainties associated with hydraulic fracturing cement
and casing characterization by examining and assessing substantially more than the 327 well files
evaluated out of the approximately 24,000 well files referenced in the draft Assessment Report. The
SAB recommends that the EPA conduct full statistical analyses on such an expanded Well File Review,
communicate more fully the statistical analyses that were conducted, and develop graphs or tables
associated with such analyses. The recommendations in this paragraph can be considered longer-term
future activities.

The SAB recommends that when estimated percentages are quoted from the Well File Review, the EPA
should accompany them with the relevant confidence intervals, and indicate whether they are found in
the text of the Well File Review or are inferred from graphs. The EPA should also discuss whether the
relatively low percentage of horizontal well completions covered by the Well File Review limits its
relevance to current practice.

The agency should include additional major findings associated with the higher likelihood of impacts to
drinking water resources associated with hydraulic fracturing well construction, well integrity, and well
injection problems. These findings should discuss factors and effects regarding the severity and
frequency of potential impacts from poor cementation techniques, hydraulic fracturing operator error,
migration of hydraulic fracturing constituents from the deep subsurface, and abandoned/orphaned oil
and gas wells.
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Flowback and Produced Water Stage in the HFWC (Charge Question 5)

The fourth stage in the HFWC focuses on flowback and produced water: the return of injected
fluid and water produced from the formation to the surface and subsequent transport for reuse,
treatment, or disposal. This is addressed in Chapter 7.

a. Does the assessment clearly and accurately summarize the available information
concerning the composition, volume, and management of flowback and produced waters?

b. Are the major findings concerning flowback and produced water fully supported by the
information and data presented in the assessment? Do these major findings identify the
potential impacts to drinking water resources due to this stage of the HFWC? Are there
other major findings that have not been brought forward? Are the factors affecting the
frequency or severity of any impacts described to the extent possible and fully supported?

c. Are the uncertainties, assumptions, and limitations concerning flowback and produced
water fully and clearly described?

d. What additional information, background, or context should be added, or research gaps
should be assessed, to better characterize any potential impacts to drinking water
resources from this stage of the HFWC? Are there relevant literature or data sources that
should be added in this section of the report?

Overall, the discussion on hydraulic fracturing flowback and produced water within Chapter 7 provides
a clear and accurate summary of the available information concerning composition, volume, and
management of flowback and produced waters. The chapter also provides an overview of fate and
transport of spilled liquids and the various components necessary to evaluate migration of a spill (i.e.,
amount of material released, timing of the release, response efforts, timing of response measures, soils,
geology, and receptors).

The EPA should provide additional detail on the extent and duration of the impacts of spilled liquids and
releases of flowback and produced waters when they occur, and conduct various activities including
those described below to reduce uncertainties associated with conclusions regarding such impacts:

e While Chapter 7 summarizes many types of incidents regarding the management of flowback
and produced waters and refers to case studies that describe leaks and spills, the chapter should
provide additional detail on the extent and duration of the impacts associated with these
incidents, including details on the impact of spilled liquids and releases when they occur. In
Chapter 7, the agency should quantify in text and in a figure the frequency of the different types
of release events, including whether the spilled material impacts groundwater or surface water, to
understand the likely probability of these events.

e While the major findings on hydraulic fracturing flowback and produced water presented in
Section 10.1.4 of the draft Assessment Report are supported by the analysis presented in Chapter
7, the major findings should be more explicitly quantified and clearly identified within Chapter
7.

e The agency should also include additional major findings associated with the effects on drinking
water resources of large spill events that escape containment, and sustained, undetected leaks.

e The final Assessment Report should discuss what is known about the fate of un-recovered
fracture fluids that are injected into hydraulically fractured wells, and where these fluids go if
they do not come back to the surface. The EPA should describe the challenge of monitoring and
modeling the fate of injected fracture fluids over time.

e Chapter 7 emphasizes the horizontal and vertical distance between spill and receptor without
adequately indicating that certain subsurface geologic conditions and hydraulic gradient
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scenarios in the shallow subsurface can allow spilled liquids to migrate a considerable distance
from the point of release. The final Assessment Report should describe the frequency and
severity of such events and recognize that such events could occur.

While data gaps have been identified in Chapter 7, especially with respect to baseline conditions
and individual incidents, the final Assessment Report should clarify whether there are data gaps
because the data are non-existent or just not easily (i.e., electronically) available.

The final Assessment Report should also include additional analysis and discussion on how
recycled hydraulic fracturing produced water that is reused onsite at hydraulic fracturing
facilities without treatment might affect the severity or frequency of potential contamination of
surrounding drinking water resources, in the event of a spill or release.

The EPA should expand and clarify the discussion provided in Chapter 7 on the current use by
industry of tracers for injection fluids, as well as any efforts made by the EPA or other
researchers to develop tracers, and describe how the use of tracers might be an approach that
could allow assessment of releases of contamination and interpretation of the source of
contamination if it occurs. For example, the agency should summarize what constituents, metal
cations, and isotopes are used currently for chemical and radioactive tracers, the degree to which
tracers are used, where tracers are used, what concentrations are in use, and what concentrations
are measured for these tracers in flowback or produced waters.

Regarding constituents of concern in flowback and produced waters:

0 The agency should clarify whether constituents identified as being of most concern in
produced water are products of the hydraulic fracturing activity, flowback, or later-stage
produced water, or are constituents of concern derived from oil and gas production
activities that are not unique to hydraulic fracturing activity. These efforts may require
the development of analytical methods, which can be considered a recommendation for
longer-term future research activity.

0 The SAB recommends that the EPA, in collaboration with state agencies, outline a plan
for analyzing organic constituents in HF flowback and produced waters since data on
flowback water composition are limited and the majority of the available data are for
inorganics. In addition, the EPA should evaluate as a longer-term future activity the
potential for using non-targeted chemical analysis to identify currently unmonitored HF
constituents.

0 The agency should present additional information in Chapter 7 on changes in flowback
and produced waters chemistry over time.

0 The agency should include more information and discussion in Chapter 7 regarding
radionuclides associated with hydraulic fracturing flowback and produced water
(including the Pennsylvania Department of Environmental Protection research on this
topic), bromide concentrations in hydraulic fracturing flowback and produced water and
wastes and in surface waters, and the natural occurrence of brines in the subsurface.

0 The agency should develop a summary of best management practices for hydraulic
fracturing surface impoundments as a longer-term future activity.

The final Assessment Report should also include a discussion on the importance of background and
preexisting chemistry of surface and groundwater in developing a better understanding of whether
impacts from drilling and completion activities can be identified. A major public concern is the
appearance of contaminated (e.g., chemical constituents introduced into the water through HFWC
activities) or degraded (e.g., adverse changes in water quality associated with naturally occurring
chemicals influenced by HFWC activities) drinking water in wells in areas where hydraulic fracturing
occurs. Since naturally occurring contaminants and degraded drinking water in wells can occur from
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issues not related to hydraulic fracturing, the EPA should also include additional discussion on how
background and pre-existing baseline chemistry of surface and groundwater data are used to better
understand the impacts of hydraulic fracturing-related spills and leaks. The scientific complexity of
baseline sampling and data interpretation should be clearly and concisely described. Although baseline
sampling is simple in concept, it can be very difficult to obtain meaningful results in practice.
Concentrations of naturally occurring contaminants, including methane, aromatic hydrocarbons,
radionuclides, and disinfection by-product precursors, can vary significantly, both temporally and
spatially, especially in surface water and in groundwater drawn from shallow and/or alluvial

wells. Water quality can be significantly influenced by hydrological events (rainfall, flooding, drought),
by water acquisition for purposes other than hydraulic fracturing, and by spills or discharges or
constituents not associated with hydraulic fracturing. Obtaining representative samples, characterizing
natural variations in water quality, properly collecting (and preserving and storing) samples for the
analytes of interest, accurately determining the concentrations of the analytes of interest, and correctly
interpreting the data can be challenging tasks. In addition, the analysis of water chemistry data from
private wells requires the water chemistry data to be integrated with water-level data and details about
the construction and maintenance history of each well.

Wastewater Treatment and Waste Disposal Stage in the HFWC (Charge Question 6)

The fifth stage in the HFWC focuses on wastewater treatment and waste disposal: the reuse,
treatment and release, or disposal of wastewater generated at the well pad. This is addressed in
Chapter 8.

a. Does the assessment clearly and accurately summarize the available information
concerning hydraulic fracturing wastewater management, treatment, and disposal?

b. Are the major findings concerning wastewater treatment and disposal fully supported by
the information and data presented in the assessment? Do these major findings identify
the potential impacts to drinking water resources due to this stage of the HFWC? Are
there other major findings that have not been brought forward? Are the factors affecting
the frequency or severity of any impacts described to the extent possible and fully
supported?

c. Are the uncertainties, assumptions, and limitations concerning wastewater treatment and
waste disposal fully and clearly described?

d. What additional information, background, or context should be added, or research gaps
should be assessed, to better characterize any potential impacts to drinking water
resources from this stage of the HFWC? Are there relevant literature or data sources that
should be added in this section of the report?

Overall, Chapter 8 clearly and accurately summarizes a large amount of existing information on the
rapidly evolving topic of treatment, reuse, and disposal of wastewater associated with hydraulic
fracturing, and recognizes the significant data and information gaps associated with this stage of the
HFWC. The chapter’s summary of water quality characteristics of hydraulic fracturing-related
wastewaters from various sites states in several locations that spills or discharges of inadequately treated
wastewater from HFWC operations could result in significant adverse impacts on drinking water quality.

While Chapter 8 adequately summarizes many aspects related to hydraulic fracturing wastewater
treatment based upon literature analysis, it provides little in the way of new or original findings — such
as those anticipated based on the EPA’s November 2011 final Hydraulic Fracturing Research Study Plan
(U.S. EPA 2011), and has other limitations. The chapter does not adequately address the potential
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frequency and severity of impacts of hydraulic fracturing wastewaters on drinking water quality, nor
potential scenarios in the near future that could influence such impacts (e.g., reduced access to deep well
injection due to restrictions associated with seismic activity). In addition, major findings concerning
hydraulic fracturing-related wastewater treatment and disposal, including the conclusion in the chapter
that “there is no evidence that these contaminants have affected drinking water facilities,”” are not fully
supported by the information and data presented in Chapter 8, and also are not supported by peer
reviewed literature that has demonstrated contaminants from oil and gas wastewater disposal facilities
have reached drinking water facilities and have had effects (e.g., see States et al. 2013, which is cited in
the draft Assessment Report; and Landis et al. 2016). The agency should clearly and accurately describe
the basis for this statement in Chapter 8.

Chapter 8 of the draft Assessment Report also did not bring forward all the major findings associated
with the wastewater treatment and waste disposal phase of the HFWC. The draft Assessment Report
does not mention that elevated radionuclide concentrations are likely to be present in the effluents from
some CWTFs and most POTWs treating hydraulic fracturing-related wastewaters. The SAB also
recommends that the EPA include an assessment of the potential accumulation of radium in pipe scales,
sediments, and residuals; the potential for leaching of this radium into drinking water resources; and the
potential impacts of such leaching.

To address the above-noted concerns, the EPA should conduct further analyses including the following
listed activities. The SAB recommends that these activities be addressed in the final Assessment Report.
However, to avoid undue delay in publishing the final Assessment Report, the SAB recommends that
the activities that cannot be promptly addressed without further study should be identified in the final
Assessment Report as research that needs to be addressed as a longer-term future activity:

e The final Assessment Report should more clearly describe the potential frequency and severity
of impacts associated with this stage in the HFWC, before drawing conclusions on water quality
impacts associated with this HFWC stage.

e The chapter describes unit processes and treatment technologies used in both CWTFs and other
treatment facilities (e.g., on-site and at POTWSs), but many of these descriptions are very general
and sometimes incorrectly describe such unit processes; the chapter needs to be revised to
address this issue.

e The agency should further assess impacts on public drinking water supplies that rely upon
surface water intakes downstream of hydraulic fracturing activities or discharges of hydraulic
fracturing fluids. To assess this topic, a variety of information is needed including: the size and
location of injection wells, CWTFs and POTWs receiving wastewater discharges (directly or
indirectly); the locations and treatment capabilities of drinking water treatment facilities; and the
locations of streams and lakes and their flowrates and volumes, respectively. There are relatively
few CWTFs known to be discharging to surface waters or POTWs, and the EPA should provide
information on the contributions that CWTFs may make to TDS, regulated contaminants, and
other contaminants of concern in downstream public water supplies. The EPA should also
provide similar information for any POTWs known to be accepting wastewater associated with
hydraulic fracturing.

e The chapter should clearly summarize the regulatory framework around CWTFs and POTWSs
receiving wastewater discharges associated with hydraulic fracturing-related oil and gas
production.

e While the chapter notes that treated hydraulic fracturing wastewater discharges can increase
formation of brominated and iodinated disinfection by-products (DBPs) at downstream drinking
water treatment plants, the agency should also discuss in Chapter 8 other DBPs that could form
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at downstream water treatment plants (and water resource reclamation facilities) impacted by
wastewater discharges associated with hydraulic fracturing.

e The agency should clearly and accurately summarize in Chapter 8 available information
regarding the impacts of water recycling on pollutant concentrations and their potential impacts
on drinking water quality should spills of recycled water occur.

e The agency should revise Chapter 8 in the draft Assessment Report to adequately describe the
composition and disposal methods of residuals from CWTFs (including residuals from zero-
liquid discharge facilities), and whether and to what extent those residuals may impact drinking
water sources now and in the future.

e The agency should further consider, in Chapter 8: temporal trends for costs of hydraulic
fracturing water purification technologies over the past decade; trends in hydraulic fracturing-
related wastewater disposal methods including the scientific, regulatory and economic drivers of
these changes and their potential impacts on drinking water resources; and potential future
trajectories associated with these trends (e.g., if deep well injection of hydraulic fracturing-
related wastewater is being reduced because of regulatory changes driven by public concerns
about seismic activity and its associated costs).

e The SAB finds that the chapter does not adequately assess other waste disposal issues such as:
(1) disposal of cuttings and drilling muds and disposal of residuals from drinking water treatment
plants and POTWs impacted by wastewater discharges associated with hydraulic fracturing; and
(2) disposal of soils, pond sediments, and other solid media contaminated by hydraulic fracturing
constituents. The chapter should be revised to include some level of assessment on these topics,
and to outline data gaps that should be addressed in longer-term future activity.

e The agency should also describe, in Chapter 8, the potential impacts of induced seismicity
(associated with and likely caused by hydraulic fracturing wastewater disposal activity) on water
quality and drinking water resources, and on oil and gas production and public water supply
infrastructure (e.g., damage to wells and storage vessels, and also to pipelines transporting
hydraulic fracturing-related water and wastewater).

e The final Assessment Report should further describe that technologically-enhanced naturally
occurring radioactive materials (TENORM) may pose a significant risk since treatment processes
used to remove other constituents (such as metals, biochemical oxygen demand, or TDS) from
hydraulic fracturing wastewaters may not remove radionuclides to levels that are protective of
public health. The frequency and severity of impacts associated with strontium in hydraulic
fracturing wastewaters should also be acknowledged in the final Assessment Report.

e The final Assessment Report should include analyses on the potential for hydraulic fracturing
wastewaters to form nitrosamines (e.g., N-Nitrosodimethylamine, NDMA,) and describe the
potentially significant impacts of nitrosamine formation within hydraulic fracturing wastewater
discharges on drinking water resources.

Chemicals Used or Present in Hydraulic Fracturing Fluids (Charge Question 7)

The assessment used available information and data to identify chemicals used in hydraulic
fracturing fluids and/or present in flowback and produced waters. Known physicochemical and
toxicological properties of those chemicals were compiled and summarized. This is addressed in
Chapter 9.

a. Does the assessment present a clear and accurate characterization of the available
chemical and toxicological information concerning chemicals used in hydraulic
fracturing?
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b. Does the assessment clearly identify and describe the constituents of concern that
potentially impact drinking water resources?

c. Are the major findings fully supported by the information and data presented in the
assessment? Are there other major findings that have not been brought forward? Are the
factors affecting the frequency or severity of any impacts described to the extent possible
and fully supported?

d. Are the uncertainties, assumptions, and limitations concerning chemical and
toxicological properties fully and clearly described?

e. What additional information, background, or context should be added, or research gaps
should be assessed, to better characterize chemical and toxicological information in this
assessment? Are there relevant literature or data sources that should be added in this
section of the report?

The EPA clearly articulates its approach for characterizing the available physicochemical and
toxicological information. However, Chapter 9 of the draft Assessment Report should characterize
toxicological information on constituents employed in hydraulic fracturing in an inclusive manner, and
not restrict the criteria for selection of hydraulic fracturing constituents of concern to solely constituents
that have noncancer oral reference values (RfVs) and cancer oral slope factors (OSFs) that were peer
reviewed only by a governmental or intergovernmental source. The agency should use a broad range of
toxicity data, including information pertinent to subchronic exposures from a number of reliable sources,
in expanding the criteria for hydraulic fracturing constituents of concern. As the EPA broadens inclusion
of toxicological information to populate missing toxicity data, the EPA can expand the tiered hierarchy
of data described in the EPA report to give higher priority to constituents with RfVs without excluding
other quality toxicological information that is useful for hazard and risk assessment purposes.

The final Assessment Report should explicitly indicate what fraction of the constituents identified in
hydraulic fracturing fluid and/or produced waters have some hazard information (e.g., toxicity data
available from or used by the U.S. federal government, state governments, or international non-
governmental organizations, for risk assessment purposes, or publicly available peer-reviewed data), and
what fraction have no available information. In addition, the EPA should summarize potential hazards
from methane (physical hazard), bromide and/or chloride-related disinfection by-products formed in
drinking water, and naturally occurring constituents and other constituents (e.g., metals, radionuclides)
in hydraulic fracturing wastewater that were discussed in earlier chapters. An important limitation of the
EPA’s hazard evaluation of constituents across the HFWC is the agency’s lack of analysis of most likely
exposure scenarios and hazards associated with hydraulic fracturing activities. To help prioritize future
research and risk assessment efforts, the agency should identify within the final Assessment Report the
most important/likely exposure scenarios (durations and routes) and hazards (constituents) and obtain
toxicity information relevant to those exposure scenarios.

The EPA uses FracFocus 1.0 as the primary source of information on the identity and frequency of use
of constituents in hydraulic fracturing processes. The SAB expresses concern that the FracFocus
database may not be sufficient because it does not include certain confidential business information
(CBI) which is proprietary, and lacks information on the identity, properties, and frequency of use for
approximately 11% of hydraulic fracturing constituents used in HF operations (see EPA draft
Assessment Report, p. 5-73). Although the agency acknowledged limitations of the FracFocus data, the
EPA can do more to address them by characterizing in some way the toxicology data on proprietary
constituents that the EPA may have, and by using information provided in updated versions of
FracFocus on chemical class, type, mass and concentration (i.e., concentration of the constituent, in
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terms of % by mass, in the hydraulic fracturing fluid). Based on this information, the agency should
assess and clearly describe how gaps in knowledge about proprietary constituents affect the uncertainty
regarding conclusions that can be drawn on potential impacts of hydraulic fracturing on drinking water
resources. Since the FracFocus data that the agency assessed were current up to February 2013, the SAB
also recommends that the final Assessment Report discuss the current status, use and changes to the
FracFocus platform, and outline what follow-on analyses should be done with the FracFocus database.
As feasible, the EPA should consider conducting some preliminary analyses of trends as part of the final
Assessment Report. For example, analyses on trends in green chemical usage in HF could be conducted.
Further, the EPA should articulate needs for information that is collected and available from individual
states and that could help with assessment yet is not readily accessible. In addition, the agency should
note that the current version of FracFocus also provides some additional insights into the CBI associated
with constituents used during HF operations (for example, chemical type and categories).

Absent additional information, it is not feasible to conclude which constituents—each differing in
occurrence, concentration, and volume during the various phases of hydraulic fracturing gas and oil
extraction—are of greatest concern. While additional field studies should be given a high priority to
better understand the intensity and duration of exposures to constituents of flowback and produced
water, the SAB recommends this as a longer-term future activity.

In Chapter 9, the EPA presents a MCDA approach that the EPA conceived, designed and formulated as
a logical approach for assessing the scope and potential impacts of hydraulic fracturing on national
drinking water resources given that the information used is limited and fragmented (e.g., concentration,
volume and duration in different parts of the water cycle.) While the SAB agrees in principle that
toxicological and physicochemical information could approximate hazard potential under certain
exposure scenarios, the SAB does not agree with specific elements of, and limited selection of data
illustrating, the MCDA approach. The MCDA outlined by the EPA gives equal weight to information on
physicochemical scores, occurrence and toxicity. This may place undue emphasis on physicochemical
score. While useful in judging a constituent’s likelihood of occurrence in drinking water, this value may
be a relatively poor surrogate for actual exposure. As an example, constituents may not be addressed that
tend to remain at their original deposition site and serve as a reservoir for prolonged release. In light of
the limitations described above and in the SAB’s response to Charge Question 7a (e.g., the EPA limited
toxicological information to government reviewed reference values), and given that the EPA applied this
approach to only 37 constituents used in hydraulic fracturing fluids and 23 constituents detected in
flowback or produced water, the EPA’s MCDA results should be considered for preliminary hazard
evaluation purposes only, as the EPA originally intended. In addition, the agency should suggest use of
an MCDA approach on a regional or site-specific basis where more complete constituent identity,
concentrations and toxicity information is available for the specific case being analyzed.

For clarity, the final Assessment Report should distinguish between constituents injected into a
hydraulic fracturing well vs. constituents and hydrocarbons that come out of the well in produced fluids.
The SAB suggests that if no constituents are added to a hydraulically fractured well, there is still a
potential for impacts to drinking water resources from constituents present naturally in the subsurface
which could also be brought to the surface in produced water. In Chapter 9 and throughout the draft
Assessment Report, constituents and potential impacts unique to hydraulic fracturing oil and gas
extraction should be clearly distinguished from those that also exist as a component of conventional oil
and gas development. The agency should clarify whether constituents identified as being of most
concern in produced water are products of the hydraulic fracturing activity, flowback, or later-stage
produced water, or are constituents of concern derived from oil and gas production activities that are not
unique to hydraulic fracturing activity. These efforts may require the development of analytical
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methods, which can be considered a recommendation for longer-term future research activity. Such
activities will help inform the readers about the different characteristics of HF flowback and produced
waters and in-situ groundwater constituents relative to formation water produced in conventional oil and
gas development.

Svynthesis of Science on Potential Impacts of Hydraulic Fracturing on Drinking Water Resources, and
Executive Summary (Charge Question 8)

The Executive Summary and Chapter 10 provide a synthesis of the information in this assessment. In
particular, the Executive Summary was written for a broad audience.

a. Are the Executive Summary and Chapter 10 clearly written and logically organized?

b. Does the Executive Summary clearly, concisely, and accurately describe the major findings
of the assessment for a broad audience, consistent with the body of the report?

c. In Chapter 10, have interrelationships and major findings for the major stages of the HFWC
been adequately explored and identified? Are there other major findings that have not been
brought forward?

d. Are there sections in Chapter 10 that should be expanded? Or additional information added?

The EPA should significantly modify the form and content of the Executive Summary and Chapter 10
Synthesis of the draft Assessment Report. The Executive Summary is unlikely to be understandable by a
large segment of its readership, and should be revised to make this section more suitable for a broad
audience. Clearer statements are needed on the goals and scope of the assessment and on specific
descriptions of hydraulic fracturing activities, and additional diagrams and illustrations should be
provided to enhance the public’s understanding of hydraulic fracturing activities and operations.
Technical terms should be used sparingly and should always be defined, and graphics should be
introduced to illustrate and clarify key concepts and processes.

Several major findings presented in both the Executive Summary and Chapter 10 Synthesis were
discussed at length by the SAB Panel. The SAB finds that several major findings are ambiguous and
require clarification, and/or are inconsistent with observations presented in the body of the draft
Assessment Report. These major findings include:
e “We did not find evidence that these mechanisms have led to widespread, systemic impacts on
drinking water resources in the United States.” (on page ES-6).
e “High fracturing water use or consumption alone does not necessarily result in impacts to
drinking water resources.” (on page ES-9, lines 19-20).
e “*None of the spills of hydraulic fracturing fluid were reported to have reached groundwater.”
(on pages ES-13 and 10-8)
e “The number of identified cases, however, was small compared to the number of hydraulically
fractured wells.” (on page ES 6).
e “According to the data examined, the overall frequency of occurrence [of hydraulically fractured
geologic units that also serve as a drinking water sources] appears to be low.” (on page ES-15,
lines 34-35).
e “Chronic releases can and do occur from produced water stored in unlined pits or
impoundments, and can have long-term impacts.” (on page ES-19, lines 18-19).

The SAB is concerned that these major findings do not clearly, concisely, and accurately describe the
findings developed in the chapters of the draft Assessment Report, and that the EPA has not adequately
supported these major findings with data or analysis from within the body of the draft Assessment
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Report. Four Panel members concluded that the major finding described above under the first bullet is
clear as written,

The agency should strengthen the Executive Summary and Chapter 10 Synthesis by linking the stated
findings more directly to evidence presented in the body of the draft Assessment Report. The EPA
should more precisely describe each of the major findings of the final Assessment Report in both the
Executive Summary and Chapter 10 Synthesis, including specific cases of drinking water impacts, that
relate to these major findings.

The agency should revise the synthesis discussion in Chapter 10 to present integrated conclusions, rather
than a summary of findings from Chapters 4-9. The agency should also revise Chapter 10 to discuss
methods to reduce uncertainties related to the HFWC, including ongoing research, and data and research
needs.

The Executive Summary focuses on national- and regional-level generalizations of the potential effects
of hydraulic fracturing-related activities on drinking water resources. Although these generalizations are
often desirable and useful, the EPA should make these conclusions cautiously, and clearly qualify these
conclusions through acknowledgement of the substantial heterogeneity existing in both natural and
engineered systems. Furthermore, the EPA should provide more emphasis in the Executive Summary on
the importance of local hydraulic fracturing potential impacts. These local-level impacts may occur
infrequently, but they have the potential to be severe and the Executive Summary should more clearly
describe such impacts. Further, the locally important impacts are unlikely to be captured in a national
level summary of impacts.

The final Assessment Report should also identify ongoing research and needs for future research,
assessment and field studies. The SAB recommends that the EPA include in that discussion the EPA’s
future plans for conducting prospective studies and other research that the EPA had planned to conduct
but did not conduct or complete.
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2. INTRODUCTION

2.1. Background

In its Fiscal Year 2010 Appropriation Conference Committee Directive to the EPA, the U.S. House of
Representatives urged the agency to conduct a study of hydraulic fracturing and its relationship to
drinking water, specifically:

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

Hydraulic fracturing (HF) is a well stimulation technique used by oil and gas producers to explore and
produce natural gas and oil from sources such as coalbed methane and shale formations. The extraction
process includes: site exploration, selection and preparation; equipment mobilization-demobilization;
well construction and development; mixing and injecting fracturing fluids; hydraulic fracturing of the
formation; produced water and waste management, transport, treatment, and/or disposal; gas production
(infrastructure for storage and transportation); and site closure.

In June 2015, the EPA’s Office of Research and Development (ORD) released a draft assessment report
(U.S. EPA 2015a), entitled Assessment of the Potential Impacts of Hydraulic Fracturing for Oil and Gas
on Drinking Water Resources. ORD requested the EPA SAB conduct a peer review of the EPA’s draft
Assessment report and respond to specific charge questions.

The draft Assessment Report synthesizes available scientific literature and data on the potential that
hydraulic fracturing for oil and gas production may change the quality or quantity of drinking water
resources, and identifies factors affecting the frequency or severity of any potential changes. The draft
Assessment Report follows the hydraulic fracturing water cycle (HFWC) described in the Study Plan
(U.S. EPA 2011) and Progress Report (U.S. EPA 2012). The HFWC includes five stages: (1) water
acquisition for hydraulic fracturing fluids; (2) chemical mixing to form fracturing fluids; (3) well
injection of fracturing fluids; (4) flowback and produced water; and (5) wastewater treatment and
disposal. Potential impacts on drinking water resources are considered at each stage in this cycle.

2.2. SAB Review Process

In response to the U.S. Congress, the EPA developed a study scope for the HF study (U.S. EPA 2010)
that was reviewed by the SAB Environmental Engineering Committee and additional members of the
SAB in an open meeting on April 7-8, 2010. The SAB’s report on its review of the study scope was
provided to the Administrator in June 2010. In its response to the EPA in June 2010, the SAB endorsed
a lifecycle approach for the research 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 (SAB 2010).
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EPA then developed a research Study Plan (U.S. EPA 2011) that was reviewed by the SAB Panel in an
open meeting on March 7-8, 2011. In its response to the EPA in August 2011, the SAB found the EPA’s
approach for the research Study Plan to be appropriate and comprehensive, and concluded that the EPA
has identified the necessary tools in its overall research approach to assess impacts of hydraulic
fracturing on drinking water resources (SAB 2011). The EPA’s research Study Plan identified specific
potential outcomes for the research related to each step in the HFWC, and the SAB did not anticipate
that all of these outcomes could be achieved given the time and cost constraints of the proposed research
program. Further, the SAB identified several areas of the research Study Plan that could be better
focused and suggested several additional topics for further study.

In late 2012, the EPA released a Progress Report (U.S. EPA 2012) on the study detailing the EPA’s
research approaches and next steps. The SAB Hydraulic Fracturing Research Advisory Panel held a
consultation with agency staff in an open meeting on May 7-8, 2013. At the May 2013 consultation
meeting, ORD briefed the SAB Panel on the current status of its research, and the Panel members
individually addressed 12 charge questions spanning each of the five components of the hydraulic
fracturing lifecycle, including water acquisition, chemical mixing, well injection, flowback and
produced water, and wastewater treatment and waste disposal. Members discussed the charge questions
and also developed individual written responses which were posted on the SAB May 2013 meeting
webpage.

On June 4, 2015, ORD released its draft Assessment Report and requested the SAB to conduct a peer
review on the draft Assessment Report. On September 30, 2015, the SAB Panel conducted a public
teleconference to receive a briefing on the EPA’s draft Assessment Report and to discuss the EPA’s
charge questions. On October 28-30, 2015, the SAB Panel conducted an advisory meeting to develop
consensus advice in response to charge questions associated with the research described in the EPA’s
draft Assessment Report. The charge questions are listed at the beginning of each section below and in
Appendix A.

The SAB Panel held a public teleconference call on December 3, 2015 to complete agenda items from
the October 28-30, 2015 SAB Panel meeting and further develop preliminary key points in response to
charge questions on the agency’s draft assessment. The SAB Panel then held public teleconferences on
February 1, February 2, March 7 and March 10, 2016, to discuss substantive comments from Panel
members on this draft SAB report. At a public meeting on June 14, 2016, the chartered SAB deliberated
on the SAB Panel’s draft report and agreed that chair and the lead reviewers on the chartered SAB
would work with the chair of the SAB Panel to revise the draft SAB report in accordance with
discussions at the June 14, 2016 public meeting.
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3. RESPONSES TO THE EPA’S CHARGE QUESTIONS

3.1. Goals, Background and History of the Assessment

Question 1: The goal of the assessment was to review, analyze, and synthesize available data and
information concerning the potential impacts of hydraulic fracturing on drinking water resources in the
United States, including identifying factors affecting the frequency or severity of any potential impacts.
In Chapter 1 of the assessment, are the goals, background, scope, approach, and intended use of this
assessment clearly articulated? In Chapters 2 and 3, are the descriptions of hydraulic fracturing and
drinking water resources clear and informative as background material? Are there topics that should be
added to Chapters 2 and 3 to provide needed background for the assessment?

Chapter 1 provides an introductory section and a discussion on the background, scope, approach and
organization of the draft Assessment Report. Chapter 2 provides a discussion on hydraulic fracturing, oil
and gas production, and the U.S. energy sector. It defines hydraulic fracturing, discusses how
widespread hydraulic fracturing is, and describes the trends and outlook for the future of hydraulic
fracturing. Chapter 3 describes drinking water resources in the United States, and discusses current and
future drinking water resources and the proximity of drinking water resources to hydraulic fracturing
activity.

3.1.1. Goals and Scope of the Assessment

In Chapter 1 of the assessment, are the goals, background, scope, approach, and intended use of this
assessment clearly articulated?

Chapter 1 is well written, and introduces the background and intended use of the assessment clearly and
understandably. However, it needs a clear and explicit statement of the goals and objectives of the
assessment to provide a coherent framework for the entire document. Chapter 1 also needs to better
distinguish the goals from the approach. For instance, the review, synthesis, and analysis of scientific
literature and information provided by stakeholders, and of research conducted, should be stated as part
of the approach rather than a goal of the study.

It should be emphasized that the EPA-conducted research was integrated with a large amount of
additional information and research. The EPA should be explicit about how its own research was used in
developing the assessment. The use of the EPA-sponsored research projects, technical input from
agencies, industries, Non-Governmental Organizations (NGOs) and other stakeholders should be
highlighted as part of the approach.

As stated on page 1-2 of the draft Assessment Report, the scope of the assessment is “defined by the
HFWC” and it is desirably broad, in particular not limiting it solely to the actual hydraulic fracturing
step. The final Assessment Report should provide additional explanation of the rationale for the
agency’s choice to use the HFWC to assess impacts of hydraulic fracturing on drinking water resources.
The EPA should discuss in the final Assessment Report all of the ways in which hydraulic fracturing
and related activities might impact the quality or quantity of drinking water resources in one of the five
HFWC stages. The EPA should include text to describe why the EPA assessed certain HF-related topics
and issues within the final Assessment Report, while others (e.g., contamination from drilling fluids and
cuttings) were considered to be beyond the scope of this assessment. Also, the EPA should consistently
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revise text throughout the final Assessment Report when referring to hydraulic fracturing to note that the
EPA is referring to the entire HFWC, consisting of the five stages defined in the assessment.

As noted in Chapter 1, the definition of the study scope was broad but not all inclusive, and some
aspects of oil and gas production are stated to be outside the scope of the draft Assessment Report.
However, the statement in Chapter 1 about aspects of the draft Assessment Report that are outside the
scope of the assessment is not entirely consistent with the rest of the draft Assessment Report. For
example, hydraulic fracturing well closure is explicitly excluded in Chapter 1, and yet Chapter 2
contains a section on “Site and Well Closure.” Also, hydraulic fracturing imposes unigue stresses on
well structure, such as casing and cement, and hence well integrity, even post production, is within the
scope (e.g., concerns about the integrity of inactive or orphaned wells are discussed in Chapter 6). The
EPA should revise statements in Chapter 1 to include situations and analyses that are discussed later in
the draft Assessment Report, or if appropriate to the draft Assessment Report’s goals, exclude them
from later discussion.

The intended users of the final Assessment Report range from policy makers and regulators to the
industry and the public; however, parts of Chapters 1 to 3 are overly technical for many of those users.
The technical details are important, and should not be diluted. The EPA should include illustrative
material (illustrations, diagrams, and charts) in these chapters so that non-technical readers have visuals
to facilitate understanding of the technical material. Where appropriate, the EPA should move some
technical details to an appendix of the final Assessment Report, replaced by graphical material. The
SAB recognizes that many readers of the final Assessment Report will read only the Introduction and
Executive Summary, and thus recommends that the EPA should not put all such details in appendices.

Considerable public interest associated with hydraulic fracturing and the HFWC in general is generated
by experiences at individual sites. In Chapter 1, the agency should acknowledge the importance of these
experiences, and the needs associated with public outreach and education related to drinking water
quality.

In Chapter 1, the agency should provide a general overview discussion of the relevant federal, state and
tribal laws and requirements pertaining to hydraulic fracturing activities for oil and gas development,
and mechanisms for enforcement of the laws and requirements with respect to protection of surface
water quality, groundwater quality, municipal water supplies, and private wells. The overview should
provide a description of organizations responsible for monitoring and regulating HFWC activities.

The final Assessment Report should make clear that the hydraulic fracturing industry is rapidly
evolving, with changes in the processes being employed, whereas the Assessment necessarily was
developed with the data available at a point in time.

3.1.2. Descriptions of Hydraulic Fracturing and Drinking Water Resources

In Chapters 2 and 3, are the descriptions of hydraulic fracturing and drinking water resources clear and
informative as background material?

The description of hydraulic fracturing in Chapter 2 is clear and informative. Regarding time scale, the
EPA should emphasize the relatively short time span of the actual hydraulic fracturing operation within
Chapter 2, and place this emphasis in perspective with the time frames of the other parts of the HFWC.
The SAB finds that the section on site identification and well development should include some
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discussion noting that the geological formations now being targeted for oil and gas production using
hydraulic fracturing and horizontal drilling require closer well spacing that, compared to conventional
drilling methods, may have greater potential impacts on drinking water resources (Zoback and Arent
2014). More discussion of the potential impacts on drinking water resources, both positive and negative,
of well densities and multiple wells on one pad in unconventional oil and gas development should be
included. In addition, the EPA should recognize in Chapter 2 that some oil and gas resources being
developed with the aid of hydraulic fracturing are located in close proximity to large populations.

The description of drinking water resources in Chapter 3 is informative and generally clear. However,
the chapter should include more description and depiction (including diagrams and photographs) of the
natural geologic framework into which the engineered hydraulic fracturing systems are incorporated.
Chapter 3 could also be improved by paying more attention to the local geology and to the physical
properties (thickness, porosity, permeability, fracture density) of the rock layers overlying target
horizons, and including more discussion of the characteristics and proximity of aquifers. In Chapter 3,
the agency should also include more discussion about potential issues associated with future hydraulic
fracturing water supplies and sources (e.g., the chapter should discuss potential issues such as over
pumping or ground subsidence associated with the deeper aquifers in the West if such aquifers are
considered potential future hydraulic fracturing water sources). The EPA should also consider including
a discussion in Chapter 3 on how the EPA and states protect underground sources of drinking water
from oil, gas, and injection wells via well completion standards.

3.1.3. Topics to be Added

Are there topics that should be added to Chapters 2 and 3 to provide needed background for the
assessment?

The EPA should discuss the temporal characteristics of the HFWC stages in Chapter 2 (e.g., the
differences in duration of the actual hydraulic fracturing of the rock versus the duration of production).
In Section 3.2, references to “co-location” of hydraulic fracturing with surface and groundwater should
be clarified.

Within Chapters 2 and 3, the EPA also should discuss new hydraulic fracturing technologies, best
management practices and federal, state and tribal standards and regulations intended to improve
hydraulic fracturing operations associated with each stage of the HFWC. The EPA may develop these
summaries as a longer-term future activity.

Although aquifers are presented on the first page of Chapter 3 as part of the drinking water resources of
the United States, aquifers are only superficially mentioned in the body of the chapter. The EPA should
add more information regarding groundwater resources in hydraulically fractured areas (e.qg., typical
depths to aquifers, confined or unconfined aquifers, and aquifer thicknesses). All of this information is
available from the U.S. Geological Survey (USGS 1996; 2000).

The final Assessment Report should discuss the criteria that the agency used to select a one mile radius
to define proximity of a drinking water resource to hydraulic fracturing operations, and the potential
need to consider drinking water resources at distances greater than one mile from a hydraulic fracturing
operation (e.g., in the case of undetected leakage from an impoundment and subsequent long-distance
transport in a transmissive subsurface feature). The final Assessment Report should present more
information regarding the vertical distance between surface-water bodies and the target zones being
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fractured and the depths of most existing and potential future water-supply aquifers compared to the
depths of most hydraulically fractured wells. In addition, in regard to potential impacts on aquifers, the
final Assessment Report should present more information regarding situations where the vertical
distance between the hydraulically fractured production zone and a current or future drinking water
source is relatively small depending on local hydrogeological conditions. Differences in the fracturing
morphology as a function of depth should also be discussed. The EPA should include a graphical
representation of this topic to improve the clarity of the discussion, and consider including graphs from a
2012 publication on microseismic fractures in shale plays (Fisher and Warpinski 2012).

Many of the public comments on the EPA’s draft Assessment Report expressed concern that operations
associated with the HFWC had impacted nearby water wells or springs; often describing problems with
attribution even after water testing by homeowners, regulators, or industry. This highlights important
challenges with understanding whether the observed conditions (regarding methane, dissolved mineral
constituents, or other contaminants) existed prior to the drilling; were caused by the drilling and
extraction process; or were caused by other factors. The SAB suggests that the EPA address these issues
in Chapter 4 of the final Assessment Report, with brief descriptions of: (1) Regulatory frameworks of
the oil and gas industry aimed at the protection of source water supplies and the presumption of liability
(over specific setback distances and timeframes); (2) Regulatory frameworks (or lack thereof) of the oil
and gas industry affecting standards for construction of water wells; and (3) Educational needs toward
public understanding of water well construction, maintenance, water testing, and data interpretation.
Some publications on water well construction, maintenance, water testing, and data interpretation that
may assist the EPA in addressing these topics in the final Assessment Report include DeSimone et al.
(2014); Matheson and Bowden (2012); Minnesota Department of Health (2014); and US. Geological
Survey (1994).

Within the final Assessment Report, the agency should also consider including a discussion highlighting
communities experiencing water constraints that are or might be related to hydraulic fracturing activities
in those regions. To the extent that data are available, the EPA could include quantifiable information on
specific local and regional aquifers that are particularly impacted by hydraulic fracturing activities. The
EPA should consider including maps of aquifers similar to the county-specific maps that the EPA
provided within Chapter 3.
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3.2. Water Acquisition Stage in the HFWC

Question 2: The scope of the assessment was defined by the HFWC, which includes a series of activities
involving water that support hydraulic fracturing. The first stage in the HFWC is water acquisition: the
withdrawal of ground or surface water needed for hydraulic fracturing fluids. This is addressed in
Chapter 4.

a. Does the assessment accurately and clearly summarize the available information concerning
the sources and quantities of water used in hydraulic fracturing?

b. Are the quantities of water used and consumed in hydraulic fracturing accurately
characterized with respect to total water use and consumption at appropriate temporal and
spatial scales?

c. Are the major findings concerning water acquisition fully supported by the information and
data presented in the assessment? Do these major findings identify the potential impacts to
drinking water resources due to this stage of the HFWC? Are there other major findings that
have not been brought forward? Are the factors affecting the frequency or severity of any
impacts described to the extent possible and fully supported?

d. Are the uncertainties, assumptions, and limitations concerning water acquisition fully and
clearly described?

e. What additional information, background, or context should be added, or research gaps
should be assessed to better characterize any potential impacts to drinking water resources
from this stage of the HFWC? Are there relevant literature or data sources that should be
added in this section of the report?

Chapter 4 presents a discussion on water acquisition, in particular the withdrawal of ground or surface
water needed for hydraulic fracturing fluids. The chapter examines the sources, quality and provisioning
of water used during hydraulic fracturing; water use per hydraulic fracturing well (including factors
affecting such use and national patterns associated with that use); cumulative water use and consumption
at national, state and county scales; and a chapter synthesis of major findings, factors affecting the
frequency or severity of impacts, and associated uncertainties.

3.2.1. Summary of Available Information on Sources and Quantities of Water Used in HF

a. Does the assessment accurately and clearly summarize the available information concerning the
sources and quantities of water used in the hydraulic fracturing process?

The assessment regarding the water acquisition stage in the HFWC clearly summarizes available
information concerning the sources and quantities of water used from surface water, groundwater, and
treated wastewaters from CWTFs or POTWs. Chapter 4 of the draft Assessment Report focuses on the
water acquisition stage within the HFWC. The EPA collected, analyzed, and clearly and accurately
summarized an enormous amount of available information about the quantities of water used in
hydraulic fracturing. The analysis of water acquisition for hydraulic fracturing is, from a geographical
standpoint, the most comprehensive to date. Information on water use from surface water, groundwater,
and treated wastewater from CWTFs or POTWs is nicely characterized. References are included
regarding the use or reuse of wastewater, as well as brackish groundwaters containing 3,000-10,000
mg/L TDS that are not currently used as drinking water sources, which lessens the impacts by reducing
the demands on fresh drinking water sources. The analysis and discussion of potential impacts of water
acquisition is focused at large scales, and needs to better address local-scale potential impacts. This
should be considered by the agency for a longer-term future activity. The EPA should improve the
clarity of its summary of sources and quantities in water acquisition for hydraulic fracturing by using
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clearer, more consistent, and technically accurate wording in regard to discussion of potential impacts.
The EPA should also bring findings from the body of the draft Assessment Report on local-scale
impacts into the Executive Summary.

The EPA compared water use in hydraulic fracturing to water use for other purposes. The chapter
concludes that withdrawals for hydraulic fracturing represent a small proportion of freshwater usage at
regional or state-wide levels. The chapter points out that in a small percentage of areas, in particular at
the county and sub-county scale, there is potential for combined impacts from all uses of these sources.
Further, water withdrawals for hydraulic fracturing are also capable of altering the flow regimes of small
streams, even in regions of rainfall abundance. While the SAB concurs with these two findings in the
final Assessment Report, the agency should succinctly summarize the regulatory, legal, management,
and market frameworks in which the HFWC activities are managed that aim to minimize the potential
for these negative impacts. For example, the regulatory framework in Pennsylvania that is discussed in
the draft Assessment Report and its effects on managing water withdrawal could be cited among the
EPA’s major findings.

The EPA has produced very informative graphics and tables that substantially improve the public
availability of information characterizing the sources and quantities of water used in hydraulic
fracturing, and the relationship between that use and drinking water. This information is also useful for
focusing future efforts to fill information gaps on sources and quantities of water used in hydraulic
fracturing.

The SAB notes, but did not independently confirm, the EPA conclusion, that there are important gaps in
the data available to assess water use that limit understanding of hydraulic fracturing’s potential impacts
on water acquisition, which were identified and discussed in the draft Assessment Report in the context
of areas of uncertainties. The EPA summarized many databases, journal articles, technical reports, and
other information describing sources and quantities in water acquisition for hydraulic fracturing. Some
of this information (especially technical reports, media reports, and presentations at conferences) has not
been peer reviewed, as noted in the draft Assessment Report. The data gaps need to be addressed, as a
longer-term future activity.

The draft Assessment Report relied heavily on two publicly available databases that provide only limited
capability to assess the sources and quantities of water used in the hydraulic fracturing process: (a) the
FracFocus Chemical Disclosure Registry database, where major limitations include questions regarding
data completeness (e.g., including information from all wells in an area); and (b) the Water Use in the
U.S. database from the USGS, where major limitations are associated with limitations of the spatial and
temporal scale of the data (e.g., information is not available at sub-county scales, and information on
water used in hydraulic fracturing is reported as part of larger categories of mining water use).

3.2.2. Total Water Use at Appropriate Temporal and Spatial Scales

b. Are the quantities of water used and consumed in hydraulic fracturing accurately characterized with
respect to total water use and consumption at appropriate temporal and spatial scales?

The draft Assessment Report comprehensively characterizes the quantities of water used and consumed
for hydraulic fracturing at multiple temporal and spatial scales. Though the national scale images of how
water use is distributed across the country are useful and informative, the SAB finds that the EPA’s
statistical extrapolation to describe average conditions at the national scale masks important regional and
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local differences in water acquisition impacts. The SAB concludes that the analyses at local scales (e.g.,
case studies) that were used to quantify how hydraulic fracturing water withdrawals affect short-term
water availability are more relevant to spatial and temporal scales for assessing impacts of water
acquisition. The final Assessment Report should discuss regulatory mechanisms that are in place to
address the potential for local impacts.

The draft Assessment Report comprehensively characterizes the quantities of water used and consumed
for hydraulic fracturing with respect to total water use at multiple temporal and spatial scales. The EPA
determined values for the average volume of water used per well using data from broad geographic
areas, and estimated total water use and consumption at national, state, and county scales. The EPA
compared the quantity of water used for hydraulic fracturing to quantities of water used for domestic
purposes, and to total water use for all purposes. The SAB recommends that the EPA expand this
comparison, put water use for hydraulic fracturing into a broader context by including all other primary
categories of water use from the U.S. Geological Survey classification, and update the comparison by
including contemporary values as possible. Further, the EPA should summarize the amounts of water
withdrawn for all uses relative to total annual streamflow.

The potential for the withdrawal of large volumes of water used in the hydraulic fracturing process to
affect water resources is characterized over broad geographic areas, in 15 individual states where
hydraulic fracturing currently occurs. This information is used to scale up the results to consider average
conditions across the nation. Though information on water used in hydraulic fracturing at large spatial
and temporal scales is useful and informative, these are not the most appropriate or relevant scales to
consider the potential problem of water acquisition impacts. Typically, the amount of water used in
hydraulic fracturing would be very small compared to water availability over any large geographic
region (e.g., state or nation) or over any long time frame (e.g., annually), given the short duration of the
water use activity. The volumes of water required in the hydraulic fracturing process are used
infrequently, during initial well completions and re-stimulation operations. The final Assessment Report
should explicitly state that many stresses to surface or groundwater resources associated with water
acquisition and hydraulic fracturing are often localized in space and temporary in time, but nevertheless
can be important and significant.

The discussion of quantities of water used and consumed in hydraulic fracturing is hampered by the lack
of information on water use and availability at local scales, as noted in the draft Assessment Report. The
SAB finds that the EPA should use case studies to quantify the effects of hydraulic fracturing water
withdrawals on short-term water availability, since case studies may provide information on the most
relevant and appropriate spatial and temporal scales discussed in the draft Assessment Report for
assessing the impacts of water acquisition. The SAB anticipates that this further work is anticipated to
involve EPA assessment of a large number of case studies that would explore varying factors such as
climate, geology, water management, and water sources. While the draft Assessment Report discusses
difficulties associated with assessing impacts at local scales where the greatest impacts are likely to
occur, reliable data are generally lacking at local scales, and site-specific factors strongly influence both
water use and water management decisions.

The SAB recommends that the EPA conduct further work, as a longer-term future activity, to explore
how hydraulic fracturing water withdrawals affect short-term water availability at local scales. The
agency should consider the recent publication by Botner et al. (2014) on this topic. The SAB concludes
that the EPA should discuss its plans for performing the water use impact monitoring proposed for the
prospective studies described in the Study Plan (U.S. EPA 2011) but which were subsequently not
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conducted. Two Panel members do not find the lack of prospective case studies to be a limitation to the
draft Assessment Report, based on the perspective that investigations conducted by universities,
consulting firms, and other external stakeholders could be used in lieu of the agency conducting such
studies. The SAB recommends that as a future activity the EPA should collect data available from state
agencies such as the Pennsylvania Department of Environmental Protection on this topic. The EPA
should clarify if any information from the Well File Review included descriptions of water acquired for
hydraulic fracturing at local and site-specific scales.

The EPA should include timeframes associated with time of impact and time of response at a water
system in its analyses to put numeric values in the proper time perspective. The SAB is concerned that
the EPA assessed total use rather than cumulative use. The EPA should consider reviewing the units of
volume and flowrate used in each section of the draft Assessment Report (including Chapters 3 and 4
and Appendix B, which pertain to water acquisition) and consider whether alternate units, or
supplemental units in parentheses, would improve clarity. Further, the EPA should check whether the
volumes or flowrates presented in the draft Assessment Report were accurately presented as percentages
of other volumes or flowrates, to make sure the information is accurately conveyed.

3.2.3. Major Findings

c.1 Are the major findings concerning water acquisition fully supported by the information and data
presented in the assessment?

The major findings concerning water acquisition for hydraulic fracturing (from surface waters,
groundwaters, and treated wastewaters from CWTFs or POTWs) were generally supported by the
information and data presented in the assessment. However, the finding that there were no cases where
water use for hydraulic fracturing alone caused a stream or well to run dry is not an appropriate criterion
to use to determine occurrence of impacts, since, for example, a stream with substantially decreased
water availability, or a well experiencing regional water-level decline as a result of water acquisition,
may be impacted. While the agency concluded they documented no case of stream impacts associated
with the process of hydraulic fracturing, there may be impacts associated with the HFWC or other
activities that may have occurred. The SAB recommends that the EPA characterize imbalances between
water supply and demand, and localized effects, especially water quality effects, as affected by many
interactive factors. This characterization would provide an improved assessment of impacts (negative or
positive).

The major findings regarding the sources of water acquisition, the range of amounts of water used in
hydraulic fracturing, and the conditions where potential for impacts may occur are supported by the data
presented in the draft Assessment Report. One conclusion was that the amount of water used in
hydraulic fracturing is very small compared with total water use and consumption at county or statewide
spatial scales. The chapter should explicitly state that many stresses to surface or groundwater resources
associated with water acquisition for hydraulic fracturing are often localized in space and temporary in
time, but nevertheless can be important and significant. The impacts of water acquisition would
predominantly be felt locally at small space and time scales, which are not well represented in the draft
Assessment Report. The final Assessment Report should include additional emphasis noting that the
potential for impacts on drinking water resources is greatest in areas with high hydraulic fracturing
water use, low water availability, and frequent drought. This is illustrated within the draft Assessment
Report through examples from case studies. For example, in a study in southern Texas in the Eagle Ford
Shale region, groundwater use caused substantial changes in water storage and drawdown of the water
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table in a relatively small portion of the shale play area; though overall supply was found to be sufficient
in most of the shale play area; as described in Text Box 4-3 of the draft Assessment Report (Scanlon et
al. 2014).

c.2 Do these major findings identify the potential impacts to drinking water resources due to this stage
of the HFWC?

Several case studies were used to explore how hydraulic fracturing water withdrawals affect short-term
water availability. Given the emphasis on local conditions, these case studies are the most relevant to
spatial and temporal scales that were used in the draft Assessment Report for considering potential
impacts to drinking water resources due to hydraulic fracturing water acquisition. These case studies
illustrate how hydraulic fracturing water withdrawals may affect short- and long-term water availability
in areas experiencing high rates of hydraulic fracturing. Results suggest that water imbalances from
hydraulic fracturing operations have not occurred in either the Susquehanna River basin or the upper
Colorado River basin. These studies demonstrated that many local factors and local heterogeneity
explain whether water imbalances occur. However, the SAB finds that since the EPA conducted case
studies on only a few river basins, the role of factors such as climate, geology, water management, and
water sources could not be fully explored.

The EPA should improve the clarity of its major findings regarding the potential impacts to drinking
water resources from water acquisition, and use less ambiguous, more consistent, and technically
accurate wording. For example, the draft Assessment Report states that ““Detailed case studies in
western Colorado and northeastern Pennsylvania did not show impacts, despite indicating that streams
could be vulnerable to water withdrawals from hydraulic fracturing.” (emphasis added). However, the
case study report that is cited concludes: “Minimal impacts to past or present drinking water supplies
or other water users resulting from hydraulic fracturing water acquisition were found in either study
basin due to unique combinations of these factors in each area.” (emphasis added). Since “Minimal
impacts” is not the same as “no impacts,” the EPA should clarify these findings and results.

c.3. Are there other major findings that have not been brought forward?

There are several other major findings that the EPA should consider bringing forward. First, the chapter
should more clearly emphasize that many stresses on water resources from water acquisition for
hydraulic fracturing are expected to be localized in space and temporary in time, taking care not to
understate the potential for localized problems. Several of the public commenters, for example,
expressed concern with surface waters taken from small rivers or streams. In such cases the timing of
water withdrawals in relation to flow conditions is important, since withdrawals during low flow periods
may result in dewatering and severe impacts on small streams. More attention needs to be given to
describing the potential impacts on water resources at “hot spots” in space (e.g., headwater streams) and
in time (e.g., seasonally, and/or under low flow conditions). The final Assessment Report should discuss
regulatory mechanisms that are in place to address the potential for local impacts.

Second, the SAB encourages the EPA to explore and describe how water acquisition and associated
potential impacts on lowered streamflow and water tables experiencing local or regional water-level
decline could affect the quality of drinking water, and assess whether such impacts would be short-term
(e.g., a few days) or long-term (e.g., weeks or months). For example, if streamflow is reduced, the final
Assessment Report should describe what might be the effects on chloride or total dissolved solids
concentrations in streamflow, and how this might affect water supply and treatment costs. The SAB also
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recommends that the EPA conduct a more thorough study of this issue, including a detailed economic
analysis, as a long-term future activity.

Third, reuse of hydraulic fracturing-related wastewater and produced formation water are described in
the draft Assessment Report, and the EPA should expand on the discussion of the evolution and
utilization of technologies being used to facilitate use and reuse of produced water and use of other
historically underutilized sources of water (e.g., seawater, brackish groundwater containing 3,000—
10,000 mg/L TDS, mine drainage, and treated wastewater) that if used for hydraulic fracturing (or other
purposes) could reduce the impacts of water acquisition on drinking water sources. While most
geographic areas show a very low percentage of reuse as a source of water for hydraulic fracturing, the
reuse percentages in some regions can be high. The EPA should consider exploring and describing
within the final Assessment Report how and why the Garfield County region in Colorado (Piceance
Basin) is able to use 100% wastewater for hydraulic fracturing (as indicated in Table 4-1 of the draft
Assessment Report). This situation may be due to a combination of a dry climate, the wastewater
quantity and quality in this area, that the area has been unitized (with all operators sharing infrastructure
to produce the fields), and that the area is mature (having been one of the early areas of unconventional
oil and gas development). The SAB also notes that the use of municipal wastewater for hydraulic
fracturing could remove this source for future consideration as a permanent or emergency water supply.

3.2.4. Frequency or Severity of Impacts

c.4. Are the factors affecting the frequency or severity of any impacts described to the extent possible
and fully supported?

The description of the frequency of impacts is highly generalized and qualitative. Though the statements
about factors affecting the frequency and severity of impacts are reasonable, the SAB recommends that
the EPA strengthen and clarify the general statements within the draft Assessment Report by adding
more specific and quantitative results. The draft Assessment Report explains thoroughly the potential for
impacts and the types of conditions that warrant caution with respect to both water quantity and quality
impacts at local scales. The draft Assessment Report proposes that proper water management in these
areas may be able to reduce the potential impacts, which may include adding the use of non-drinking
water sources, and examples of this are shown in the draft Assessment Report.

The draft Assessment Report noted that there were no cases where water use for hydraulic fracturing
alone caused a stream or well to run dry, yet the SAB finds that this is not an appropriate criterion to use
to determine occurrence of impacts, since, for example, a stream with substantially decreased water
availability, or a well experiencing regional water-level decline as a result of water acquisition, may be
impacted. While the agency concluded they documented no case of stream impacts associated with the
process of hydraulic fracturing, there may be impacts associated with the HFWC or other activities that
may have occurred. The SAB recommends that the EPA characterize imbalances between water supply
and demand, and localized effects, especially water quality effects, as affected by many interactive
factors. This characterization would provide an improved assessment of impacts (negative or positive.)
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3.2.5. Uncertainties, Assumptions and Limitations

d. Are the uncertainties, assumptions, and limitations concerning water acquisition fully and clearly
described?

The draft Assessment Report fully and clearly describes the uncertainties, assumptions, and limitations
about water acquisition for hydraulic fracturing. The SAB notes, but did not independently confirm, the
EPA conclusion, that there are reportedly important gaps in the data and information available to assess
water use. The EPA summarizes a vast quantity of information from databases, journal articles,
technical reports, and other sources of information that describes sources and quantities in water
acquisition for hydraulic fracturing. Some of this information (especially technical reports, media
reports, and presentations at conferences) has not been peer reviewed, as noted in the draft Assessment
Report.

The FracFocus Chemical Disclosure Registry (http://fracfocus.orq) is a database platform managed by
the Groundwater Protection Council (GWPC) and the Interstate Oil and Gas Compact Commission
(IOGCC). This database includes information on water and chemical use, as reported by the oil and gas
industry. Potential limitations and uncertainties of this dataset for this assessment stem from incomplete
information on all oil and gas wells, and from the reliability of the unverified information. Another
database EPA utilized is the Water Use in the United States database (http://water.usgs.gov/watuse/),
compiled by the U.S. Geological Survey. This includes data on water used by source and category, as
reported by local, state, and federal environmental agencies. Potential limitations and uncertainties of
this dataset are associated with the spatial and temporal scale of the information presented (by county
and state, in five-year intervals), the categories of data (e.g., with data definitions changing over time,
and with water used for hydraulic fracturing reported as part of a larger overall category of water use
associated with mining). The EPA should update, as a longer-term future activity, the study results with
the latest information from the current versions of these databases.

An additional source of uncertainty is the reportedly poor quality and sparse information on specific
water withdrawals from groundwater, streams, and surface-water reservoirs. Although data on locations
and volumes of water withdrawal are available for some regions (e.g., Pennsylvania’s Susquehanna
River Basin), this sort of information is reportedly not recorded, or is at least inaccessible, for several
states included in the EPA’s analysis. The availability or absence of data may reflect differences in
regulations and regulatory oversight. The SAB recommends that the EPA include within Chapter 4 a
review of the regulatory landscape governing water withdrawals for hydraulic fracturing.

The SAB also recommends that the EPA evaluate the various regulatory approaches for their efficacy in
safeguarding against freshwater depletion at local scales. The EPA should compile the various
regulatory approaches in local areas that should be succinctly summarized within the final Assessment
Report, and conduct evaluation of these approaches for their efficacy in safeguarding against freshwater
depletion at local scales. The EPA may consider addressing both of these recommendations as a longer-
term activity.

At local scales, where the greatest impacts are most likely to occur, the draft Assessment Report
describes these data as generally lacking. The case studies included in the draft Assessment Report
demonstrate that local heterogeneity and site-specific factors determine water imbalances at local sites,
and that results cannot be extrapolated to entire river basins. The EPA should, as a longer-term future
activity, enhance the understanding of localized impacts by providing more focus and analysis on the
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Well File Review and on examining other information not in the archival scientific literature and
common databases to provide updated information about actual hydraulic fracturing water acquisition
and its relationship to drinking water, and about water availability compared to other users of the
resource including agricultural, recreational, and industrial uses, and less focus on hypothetical scenarios
and modeling.

3.2.6. Information, Background or Context to be Added

e.1l. What additional information, background, or context should be added, or research gaps should be
assessed to better characterize any potential impacts to drinking water resources from this stage of the
HFWC?

Given limitations in the reported availability of data on water consumption and use, especially at local
scales, and in the representativeness of the case studies used, many interactive factors that influence the
potential for effects of hydraulic fracturing on water availability and quality (e.g., climate, geology,
water management, and multiple water sources) could not be fully characterized.

One of the key limitations toward understanding the potential impacts of hydraulic fracturing water
acquisition on drinking water is the availability and reliability of data. The EPA should articulate what
datasets were requested and reviewed as part of this report, what future needs are recommended for
reliable, independent data on water use and consumption that may better facilitate assessment of
potential impacts to drinking water resources, and which agencies excel at data base management.
Another area for improvement is the EPA’s reliance on the publicly available databases for this draft
Assessment Report, including the FracFocus Chemical Disclosure Registry database. The SAB
identifies concerns regarding the EPA’s reliance on an early version of the FracFocus database, and
provides suggestions for acknowledging and addressing these concerns, within the Executive
Summary’s Thematic Areas for Improving the Draft Assessment Report and also within Section 3.2.5 of
this SAB Report.

The EPA could reduce gaps in understanding the relationship between water acquisition for hydraulic
fracturing and drinking water by using available information from the Well File study database that the
EPA developed to support the draft Assessment Report. The EPA’s 2012 Progress Report identified the
Well File Review as a key data source for many aspects of the relationship between hydraulic fracturing
and drinking water, including water acquisition, yet the 2015 Well File Review Report does not contain
any information about water acquisition, and that report is not cited in Chapter 4 of the draft assessment.
Within the final Assessment Report, the EPA should add at least a brief summary of the information
about water acquisition that was provided by the Well File Review and explain why that information
was not included within the Assessment Report.

The case studies are limited in terms of the sites and associated environmental conditions that they
represent and the results are not readily transferrable to other areas. Therefore, many interactive factors
that need to be considered toward understanding effects of the HFWC on water availability and quality
(e.g., climate, geology, water management, and multiple water sources) could not be fully characterized.
The agency should, as a longer-term future activity, continue to explore how hydraulic fracturing water
withdrawals affect short-term water availability at local scales.

The EPA could, as a longer-term future activity, articulate how reported (or purported) cases of water
acquisition impacts on drinking water actually occurred, and to what extent the factors controlling the
frequency and extent of these impacts are being addressed by improved operator practices, and
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regulatory oversight. Controversial or contentious sites should not be ignored, but addressed directly.
The draft Assessment Report does not focus adequate attention on local experiences of water impacts
prior to and during the study period that have been described in local newspapers, media coverage,
agency reports, and/or publications. Such attention in future efforts would provide more information on
the frequency and severity of impacts based on actual experiences.

To address these gaps and uncertainties, the agency should, as a longer-term future activity: (1)
synthesize information that is collected by the states but not available in mainstream databases, such as
well completion reports, permit applications, and the associated water management plans; and (2) assess
whether there are specific local and regional aquifers that are particularly impacted by HFWC activities,
and if so, provide quantifiable information on this topic. For example, as noted in the draft Assessment
Report, water use management in the Susquehanna River basin and other areas is credited with
minimizing the impact of hydraulic fracturing withdrawals on stream flow.

The EPA should describe best management practices being implemented by the States or other
regulatory agencies. For example, in the Susquehanna River Basin, the Susquehanna River Basin
Commission (SRBC) has the regulatory authority and has well-established programs in permitting,
collecting, monitoring and managing water resources. The EPA may develop this summary as an item
for longer-term future activity.

For the Susquehanna River Basin, the EPA could present more detail, using monitoring data from
industry and from the SRBC, to develop a better understanding of how hydraulic fracturing could have
impacted the drinking water due to temporal dynamics. The agency should also describe SRBC
regulations for low-flow conditions of streams during which operators are prohibited from withdrawing
water. The EPA should consider exploring these dynamics at local scales by examining these and other
water use management events.

The EPA should describe the scale of the task in gathering and organizing data collected from the states.
Within the final Assessment Report, the EPA is encouraged to describe its efforts to investigate data
available from state agencies, and describe what critical lessons were learned from the effort.

e2. Are there relevant literature or data sources that should be added in this section of the report?

The SAB encourages the EPA to use additional available information from the Well File Review study
database to characterize potential water acquisition impacts, as planned in the 2012 Progress Report.

The EPA also should review the following additional literature and data sources related to water
acquisition for potential inclusion in this section of the final Assessment Report:

e Barth-Naftilan, E., N. Aloysius, and J. E. Saiers. 2015. Spatial and temporal trends in freshwater
appropriation for natural gas development in Pennsylvania’s Marcellus Shale Play. Geophys.
Res. Lett. 42, doi:10.1002/2015GL065240.

e DeSimone, L.A., P.B. McMahon, and M.R. Rosen. 2014. The quality of our nation’s waters—
water quality in principal aquifers of the United States, 1991-2010. U.S. Geological Survey
Circular 1360, 151 p. http://dx.doi.org/10.3133/cir1360 Available at
http://pubs.usgs.gov/circ/1360/pdf/circ1360report.pdf
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Entrekin, S.A., K.O. Maloney, K.E. Kapo A.W. Walters, M.A. Evans-White, and K.M. Klemow.
2015. Stream vulnerability to widespread and emergent stressors: a focus on unconventional oil
and gas. PLoS ONE 10(9): e0137416. doi:10.1371/journal.pone.0137416

Fisher, M., and N. Warpinski. 2012. Hydraulic fracture height growth: Real data. SPE Prod.
Oper. 27: 8-19. http://dx.doi.org/10.2118/145949-PA

Freyman, M. 2014. Hydraulic fracturing and water stress: Water demand by the numbers.
Shareholder, lender & operator guide to water sourcing. Ceres report. Online URL.:
http://www.ceres.org/issues/water/shale-energy/shale-and-water-maps/hydraulicfracturing-water-
stress-water-demand-by-the-numbers

Hildenbrand, Z.L., D.D. Carlton Jr., B.E. Fontenot, J.M. Meik, J.L. Walton, J.T. Taylor, J.B.
Thacker, S. Korlie, C.P. Shelor, D. Henderson, A.F. Kadio, C.E. Roelke, P.F. Hudak, T Burton,
H.S. Rifai, and K.A. Schug. 2015. A comprehensive analysis of groundwater quality in the
Barnett Shale Region. Environ. Sci. Technol. 49(13), p. 8254-8262. DOI:
10.1021/acs.est.5b01526.

Jackson, R.B., E.R. Lowry, A. Pickle, M. Knag, D. DiGiulio, and K. Zhao. 2015. The depths of
hydraulic fracturing and accompanying water use across the United States. Environ. Sci.
Technol. 49(15), p. 8969-8976. doi: 10.1021/acs.est.5b01228.

Matheson, M., and J. Bowden. 2012. How well do you know your water well? Available at:
http://epa.ohio.qgov/Portals/O/general%20pdfs/HowWellDoY ouKnowY ourWaterWell.pdf

Minnesota Department of Health. 2014. Well owner’s handbook - a consumer’s guide to water
wells in Minnesota. Well Management Section, Environmental Health Division, Minnesota
Department of Health. Available at:
http://www.health.state.mn.us/divs/eh/wells/construction/handbook.pdf.

Rahm, B.G., and S.J. Riha. 2012. Toward strategic management of shale gas development:
Regional, collective impacts on water resources. Environ. Sci. & Pol. 17, p. 12-23. March 2012.
doi: 10.1016/j.envsci.2011.12.004.

Rahm, B.G., J.T. Bates, L.R. Bertoia, A.E. Galford, D.A. Yoxtheimer, and S.J. Riha. 2013.
Wastewater management and Marcellus Shale gas development: trends, drivers, and planning
implications. J. Environmental Management 120, p. 105-113. May 15, 2013. doi:
10.1016/j.jenvman.2013.02.029. Online URL.: http://dx.doi.org/10.1016/j.jenvman.2013.02.029.

Reig, P., T. Luo, and J.N. Proctor. 2014.World Resources Institute, Global Shale Gas
Development: Water Availability & Business Risks, September 2014.

Shank, M. K., and J. R. Stauffer Jr. 2014. Land use and surface water withdrawals effects on fish
and macroinvertebrate assemblages in the Susquehanna River basin, USA. J. Freshwater Ecol.
13. doi:10.1080/02705060.2014.959082.

USGS (U.S. Geological Survey). 1994. Ground water and the rural homeowner. Available at:
http://pubs.usgs.gov/gip/gw_ruralhomeowner/.
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e Vengosh, A., R.B. Jackson, N. Warner, T.H. Darrah, and A. Kondash. 2014. A critical review of
the risks to water resources from unconventional shale gas development and hydraulic fracturing
in the United States. Environ. Sci. Technol. 48(15), p. 8334-8348. March 7, 2014. DOI:
10.1021/es405118y.

3.3. Chemical Mixing Stage in the HFWC

Question 3: The second stage in the HFWC is chemical mixing: the mixing of water, chemicals, and
proppant on the well pad to create the hydraulic fracturing fluid. This is addressed in Chapter 5.
a. Does the assessment accurately and clearly summarize the available information concerning
the composition, volume, and management of the chemicals used to create hydraulic
fracturing fluids?

b. Are the major findings concerning chemical mixing fully supported by the information and
data presented in the assessment? Do these major findings identify the potential impacts to
drinking water resources due to this stage of the HFWC? Are there other major findings that
have not been brought forward? Are the factors affecting the frequency or severity of any
impacts described to the extent possible and fully supported?

c. Are the uncertainties, assumptions, and limitations concerning chemical mixing fully and
clearly described?

d. What additional information, background, or context should be added, or research gaps
should be assessed, to better characterize any potential impacts to drinking water resources
from this stage of the HFWC? Are there relevant literature or data sources that should be
added in this section of the report?

Chapter 5 presents a discussion on the chemical mixing of water, constituents, and proppant on the well
pad to create the hydraulic fracturing fluid. The chapter examines the chemical mixing process; provides
an overview of hydraulic fracturing fluids including discussions on water-based fluids, alternative fluids,
and proppants (granular additives such as fine sand injected to hold open microfractures); and discusses
the frequency and volume of hydraulic fracturing constituent use. The chapter describes the frequency
with which hydraulic fracturing constituents are used at the national scale, oil vs. gas usage of
constituents nationally, and a state-by-state discussion on the frequency of hydraulic fracturing
constituent use. Chapter 5 also examines constituent management and spill potential associated with
hydraulic fracturing operations, constituent storage, hoses and lines, blending operations, manifolding
(bringing together multiple fluid flow lines), high-pressure pumps, and surface wellhead fracture
stimulation. In addition, Chapter 5 presents a discussion on spill prevention, containment, and mitigation
associated with hydraulic fracturing operations, fate and transport of hydraulic fracturing constituents,
trends in constituents used in hydraulic fracturing, and a chapter synthesis of major findings, factors
affecting the frequency or severity of impacts, and uncertainties.

3.3.1. Composition, Volume and Management of Hydraulic Fracturing Constituents

a. Does the assessment accurately and clearly summarize the available information concerning the
composition, volume, and management of the chemicals used to create hydraulic fracturing fluid.
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The chemical mixing stage of the HFWC includes a series of above ground, engineered processes
involving complex fluid pumping and mixing operations, and the potential failure of these processes,
including on-site and near-site containment, poses a potential risk to drinking water supplies. The draft
Assessment Report does not accurately and clearly summarize the available information concerning the
composition, volume, and management of the constituents used to create hydraulic fracturing fluid.
Chapter 5, as it stands, provides little information on the magnitude of hydraulic fracturing spills and it
does not adequately describe either the uncertainty associated with the data or the lack of understanding
of such spills. Consequently, the EPA should revise its assessments associated with this stage of the
HFWC to address these concerns. An accurate assessment would detail data gaps and quantitative
uncertainties and provide an overall evaluation of the actual state of knowledge. The chapter is a
general, mostly qualitative, description of industrial mixing processes and fluid compositions. Many
public commenters expressed the view that a substantial fraction of chemical additives are unknown,
either by identity or behavior. This chapter does little to educate and alleviate the basic concerns
regarding the composition of hydraulic fracturing fluids and, by extension, how they would behave after
a spill. The agency should revise Chapter 5 of the draft Assessment Report to provide more information
regarding the extent or potential extent of the effects of chemical mixing processes associated with
hydraulic fracturing operations on drinking water supplies.

HF fluids: The draft Assessment Report’s discussion of hydraulic fracturing fluids and their properties
is primarily based upon the FracFocus 1.0 database. A lack of verification of the accuracy and
completeness of the FracFocus information (page 5-73) makes conclusions regarding the data that are
reported uncertain. The SAB identifies issues with the EPA’s reliance on the FracFocus version 1.0
database, and provides suggestions for acknowledging and addressing these concerns, within the
Executive Summary’s Thematic Areas for Improving the Draft Assessment Report and also within
Section 3.2.5 of this SAB Report.

The draft Assessment Report broadly describes the extent of the constituent data record but should be
critical of what is not known and the consequences of this uncertainty. As such, the SAB does not
recommend that the EPA make generalizations regarding how constituents will behave. Since the
majority of hydraulic fracturing fluids are aqueous-based, concentrations in this report are calculated
based on water as the solvent. However, the SAB finds that the description of concentrations becomes
confusing, and likely inaccurate, when non-aqueous-carrier phases such as methanol are the dominant
liquid. To address these concerns, the SAB recommends that the final Assessment Report provide a
more rigorous explanation of volume, concentration, mass and chemical activity as it relates to the
solvent. The final Assessment Report should provide a critical analysis of the type of data needed to
provide a meaningful assessment of spill severity and impact, including description of the types of data
available from state agencies. If the appropriate data are not currently available (e.g., the masses of
constituents spilled have not been reported), then the final Assessment Report needs to detail the data
that must be acquired by states so that critical assessments can be made.

In addition, novel hydraulic fracturing fluids (e.g., energized fluids, foams, and gases) are currently in
development, and the Assessment Report should provide further discussion regarding the impacts of
these fluids on water quality, and the degree to which use of these fluids reduce water quantity
requirements for flowback and produced water.

Chemical mixing and delivery processes: The section on chemical mixing and delivery processes
provides a broad overview of the steps involved (i.e., ‘phases’; Fig. 5-3) as well as a description of the
actual “‘mechanical’ actions involved, such as types of pumping equipment and hose operations. The
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fluid transfer steps of chemical mixing and delivery are key potential sources of spilled liquids to
containment structures or directly to the environment. The SAB recommends that the EPA
explain/assess the efficiency (i.e., failure rates) of these operations, and provide more information on:
(1) the potential for spilled liquids during routine operations; and (2) actions that can improve spill
prevention. For example, Figure 5.13 indicates that approximately one-third of spilled liquids are
sourced to ‘equipment’ or ‘hose or line’ failure. The EPA should describe whether these spills are the
consequence of many small leaks or substantial ones. Additionally, the agency should discuss if these
spills are within “site containment” or “outside containment” structures. Page 5-43, line 17, notes that
60% of spilled liquids in Colorado were caused by equipment failure, and the EPA should describe what
is the source of the variability in the origin of these spills within the final Assessment Report, with an
emphasis on what was spilled “outside containment.”

Another source of uncertainty is the behavior of mixed constituents. To a certain extent the sub-text of
the discussion is that the various additives behave ‘conservatively’ (i.e., are non-reactive) upon mixing.
The EPA should describe what occurs when an acid comes into contact with some of the organic
additives, and whether constituent behavior depends on the solvent (i.e., water or methanol). Similarly,
the agency should improve this section by including practical information on spill mitigation practices
such as secondary containment, berm construction to prevent surface transport, and barriers to prevent
spilled hydraulic fracturing fluids from reaching the ground surface, subsurface, and groundwater.

Chemical and spill management and potential impacts on the environment: Within the Chapter 5
discussion on constituent and spill management and potential impacts on water resources, the datasets
for spills are incomplete, at least those that are readily available in electronic format. The SAB notes that
the EPA’s estimates on the frequency of on-site spills were based upon information from two states.
While the SAB recognizes that the states of Pennsylvania and Colorado likely have the most complete
datasets on this topic that the EPA could access, the SAB finds that the draft Assessment Report’s
analysis of spill data cannot be extrapolated across the entire United States. The SAB also notes that
geologies commonly vary within and between states and this limits potential extrapolation of this dataset
towards topics other than frequency of spills (e.g., while the geology may not have a large effect on the
frequency or volume of a spill, the dataset could be used to assess issues regarding the fate and potential
impacts of spilled hydraulic fracturing constituents in different geologies). The SAB encourages the
agency to contact state agencies, review state databases and update the draft Assessment Report to
reflect a broader analysis. While the SAB recognizes that state database systems vary, the databases
should be incorporated into the EPA’s reporting of metrics within the final Assessment Report. The
SAB recommends that the agency revisit a broader grouping of states and “refresh” the final Assessment
Report with updated information on the reporting of spills associated with HFWC activities. The EPA
should address this significant ‘completeness’ issue in this section of Chapter 5, and describe the extent
and types of spill reporting to states. The SAB also recommends that the final Assessment Report
include a more thorough presentation and explanation of the frequency and types of data that the
hydraulic fracturing industry reports, some of which may not be readily accessible (i.e., not in electronic
format that is “searchable’). For example, Reference [5] (noted below under the ‘additional types of data
sources to consider’ section of this response to charge question 3) documents that a substantial number
of uncontained spills have occurred during North Dakota oil field operations. The SAB notes that while
many of these spills may not be strictly part of the chemical mixing step, these spills provide
information on the integrity of fluid management operations in general. The EPA over-interpreted this
limited data in its conclusion that the risk to drinking water supplies from this stage of the HFWC is not
substantial, and the EPA should revise this interpretation of these limited data.
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Trends in constituent use in hydraulic fracturing operations: Section 5.9 of the draft Assessment
Report describes ongoing changes in the hydraulic fracturing industry in the form of developing
fracturing fluid additives that the EPA considers to be “safer’ to the environment. The SAB notes that
this section is not a critical review of such efforts. However, the SAB also notes that little is known
about certain hydraulic fracturing fluid constituents and their safety. The SAB recommends that the EPA
clarify in this section of the final Assessment Report that many issues may play an important role in the
hydraulic fracturing industry’s substitution of fracturing fluid additives for currently used additives. The
SAB also recommends that the agency expand this chapter to include a more critical evaluation of this
trend in hydraulic fracturing and how the industry has further limited the number of constituents used in
the completion process.

3.3.2. Major Findings

b1. Are the major findings concerning chemical mixing fully supported by the information and data
presented in the assessment?

The EPA’s major finding and conclusion described in Section 5.10.1 of the draft Assessment Report that
there were ‘no documented impacts to groundwater’ for the 497 spills evaluated by the EPA, and in
Section 10.1.2., on page 10-8, and on page ES-13, where the EPA notes that “None of the spills of
hydraulic fracturing fluid were reported to have reached groundwater,” is not supported by the
information and data presented in the draft Assessment Report, due to the EPA’s incomplete assessment
of spilled liquids and consequences. All but one Panel member are concerned that this major finding is
supported only by an absence of evidence rather than by evidence of absence of impact. The EPA should
assess the likelihood of detecting an impact given the current state of groundwater and surface water
monitoring in the United States. If routine monitoring systems are adequate to capture this impact if it
occurred, then a lack of evidence of impact may support a conclusion that there was no impact. If the
routine monitoring systems would not be expected to capture an impact that occurred, then a lack of
evidence of impact may not support a conclusion of no impact. The ‘available information’ has been
broadly summarized in the draft Assessment Report but the limitations of the data sources (e.qg.,
FracFocus) appear to have led to an incomplete record associated with the potential impacts associated
with such spills. The SAB identifies issues regarding the EPA’s reliance on the FracFocus version 1.0
database, and provides suggestions for acknowledging and addressing these concerns, within the
Executive Summary’s Thematic Areas for Improving the Draft Assessment Report and also within
Section 3.2.5 of this SAB Report. Further, there is a lack of a critical assessment of the data presented in
this chapter in a number of instances, and the SAB concludes that the EPA needs to conduct such critical
assessment to support conclusions that the EPA may make on such data. For example, while the EPA
considers spill volume to be an indicator of potential severity, spill volume is not necessarily an
indicator of potential severity because the composition of spilled fluids, including chemical species and
concentrations, plays an important role in determining the severity of a potential environmental threat
resulting from a spill.

Relationship between the chemical mixing step of the HFWC and drinking water quality: A
secondary conclusion of the draft Assessment Report is that there is reportedly insufficient information
to assess the relationship between the chemical mixing step of the HFWC and drinking water quality
(Section 5.10.3). The SAB finds that the data presented by the EPA within Chapter 5 supports an
occurrence of spilled liquids at hydraulic fracturing sites, and that there are varying causes, composition,
frequency, volume, and severity of such spills. The SAB finds that a substantial problem with the
synthesis presented in this chapter is the lack of a full and accurate description of the uncertainty
surrounding the EPA’s conclusion. An example of this problem is the statement provided on page 5-71,
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line 14 of the draft Assessment Report noting: “The EPA analysis of 497 spills reports found no
documented impacts to groundwater from those chemical spills, though there was little information on
post-spill testing and sampling.” The EPA should summarize efforts made to review spill files from the
states on each of these cases to determine what “post remedial sampling” was conducted. At the same
time, the EPA cites Gross et al. (2013), which examined the Colorado Oil and Gas Conservation
Commission (COGCC) spill database for 2010 to 2011. Gross et al. (2013) write that:

We analyzed publically available data reported by operators to the COGCC regarding
surface spills that impacted groundwater. From July 2010 to July 2011, we noted 77
reported surface spills impacting the groundwater in Weld County, which resulted in surface
spills associated with less than 0.5% of the active wells.

The SAB is concerned that this information raises questions regarding how the agency actually analyzed
spills as part the draft Assessment Report. The SAB recommends that the EPA clarify its statements in
the final Assessment Report on the lack of data on spills, and also clarify whether the reported apparent
lack of data is reflective of non-existent data or data reported somewhere but are not readily available.
The SAB also recommends that the agency expand this chapter of the final Assessment Report to
provide improved analysis on the current state of data reporting on spills and the nature of hydraulic
fracturing fluids

An additional point is that the draft Assessment Report conflates spill frequency and spill volume with
spill severity. The final Assessment Report should define “severity” in a way that is amenable to some
sort of quantitative analysis and clearly delineate those factors contributing to spill severity (e.g., the
mass of a spilled constituent that has the potential to reach an environmental receptor, and the toxicity of
spilled constituents). Additionally, a number of states have spill reporting requirements, and processes,
that may not yield data that are readily available in electronic, searchable form. The SAB recommends
that the EPA investigate at least one state as a detailed example for scrutinizing the spill data (e.g., see
North Dakota Department of Health 2015). The final Assessment Report should include a discussion of
this investigation and analysis

FracFocus 1.0: The EPA primarily used FracFocus version 1.0 during its study period to support most
of the data assessment associated with EPA’s development of the draft Assessment Report. The EPA
outlines limitations of FracFocus data within the draft Assessment Report, and the SAB agrees with
those observations and expresses additional questions regarding the use of these data. The SAB finds
that a central problem regarding use of the FracFocus 1.0 dataset is that it does not represent the full
suite of hydraulic fracturing operations taking place within the United States during the study period. A
lack of verification of the accuracy and completeness of the FracFocus information makes conclusions
regarding the data that are reported uncertain. The SAB identifies a number of additional concerns
regarding the EPA’s reliance on the FracFocus version 1.0 database, and provides suggestions for
acknowledging and addressing these concerns, within the Executive Summary’s Thematic Areas for
Improving the Draft Assessment Report and also within Section 3.2.5 of this SAB Report.

b2. Do these major findings identify the potential impacts to drinking water resources due to this stage
of the HFWC?

The major findings presented in Chapter 5 of the draft Assessment Report do not identify the potential
impacts to drinking water resources due to the chemical mixing stage of the HFWC. The SAB concludes
that ‘potential impacts’ is inherently an issue of severity, and as described further under the response to
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sub-question b.4 of this charge question, the chapter does not provide the basis for understanding the
potential for spills affecting drinking water supplies. The SAB finds that a conclusion on potential
impact is a quantitative function of (at least) spill composition, frequency, containment probability,
response adequacy, and the transport of constituents to environmental receptors. The SAB finds that the
EPA does not adequately evaluate any of these factors in a manner to provide sufficient quantitative
assessment of potential impacts and severity.

b3. Are there other major findings that have not been brought forward?

There are three areas of uncertainty in this chapter of the draft Assessment Report that should be
described more clearly in the final Assessment Report:

1. Uncertainty regarding undetected and unmonitored hydraulic fracturing constituents. There is
uncertainty regarding which hydraulic fracturing constituents are currently in use. A crucial
oversight within the draft Assessment Report is the lack of discussion on the degree of undetected,
unmonitored hydraulic fracturing constituents and analytical assessment of the many uncommon
constituents used in hydraulic fracturing. The SAB recommends that the EPA assess impacts and the
underlying uncertainty associated with these undetected, unmonitored hydraulic fracturing
constituents and incorporate such an assessment into this chapter of the final Assessment Report.
This assessment should also consider how many hydraulic fracturing constituents that are in use do
not have analytical methods, and are not undergoing monitoring.

2. Uncertainty regarding the identity of hydraulic fracturing constituents used in particular hydraulic
fracturing operations, as compounded by limited knowledge about on-site storage of constituents.
There is uncertainty regarding the identity of constituents used in particular hydraulic fracturing
operations, and this uncertainty is compounded by limited knowledge about on-site hydraulic
fracturing constituent stockpiles. These stockpiles may change markedly over the time period of a
hydraulic fracturing operation. Container failure is a primary source of hydraulic fracturing spills,
and the effectiveness of spill containment is of interest in understanding response measures,
sampling and closure. The reports of most spills discussed in the draft Assessment Report included
little or no field investigation of the impacts of the release, or any documented after-spill
investigation of suspected constituent contamination. The EPA should bring such information, either
by direct EPA study or analogue studies, into the final Assessment Report.

3. Uncertainty regarding spills and their associated impacts. There is uncertainty regarding the
frequency, severity, and type of HFWC-related spills, and the agency should address this uncertainty
in this chapter of the final Assessment Report. The EPA should conduct, or at least include a plan
for, a detailed study of state reports on spills (perhaps one example target state) with a full statistical
analysis. A future study should include: (a) the state of practice by the industry in spill monitoring
and reporting; (b) an assessment of state records regarding spills; and (c) a more rigorous scientific
description of potential severity of spilled liquids (e.g., type of spill, concentration of constituents,
and volume).

To reduce these uncertainties, the EPA should make Chapter 5 more current by including more recent
available data, and conduct a more comprehensive and thorough analysis on the available data, on these
topics.
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3.3.3. Frequency or Severity of Impacts

b4. Are the factors affecting the frequency or severity of any impacts described to the extent possible and
fully supported?

The factors affecting the frequency or severity of any impacts associated with HFWC-related spills are
not described to the extent possible nor are they fully supported. While the EPA conducted a large effort
in developing Chapter 5, the SAB is concerned that two fundamental, underlying questions have not
been answered: What is the potential that spills occurring during the chemical mixing process affect
drinking water supplies, and what are the relevant concerns associated with the degree to which these
spills impact drinking water supplies? One Panel member finds that the draft Assessment Report
provided a thorough description of the variables associated with a spill (i.e., amount, duration, soils,
weather, groundwater, surface water, constituents released, and other spill aspects), and noted that the
Report should provide more granularity on how states respond to spills.

This chapter addresses five linked topics: (1) chemical mixing and delivery processes; (2) description of
hydraulic fracturing fluid components and their properties; (3) the potential impacts of hydraulic
fracturing fluids on the environment, including spill volume and frequency; (4) principles of
environmental fate and transport of potentially spilled hydraulic fracturing fluids; and (5) trends in
constituent use in hydraulic fracturing operations. To conduct a ‘severity’ analysis, the EPA must assess
each of the above factors in such a way that a quantitative assessment of likelihood can be derived. By
these criteria, the SAB finds that the EPA’s assessment towards each of these linked topics is in need of
substantial improvement.

The SAB recommends that the EPA substantially modify the discussion in Section 5.8 on fate and
transport of spilled hydraulic fracturing constituents. The SAB finds that this section portrays that more
is known about fate and transport of hydraulic fracturing constituents than is actually known. This
section’s discussion is not useful to this chapter because it does not describe the uncertainty about
severity of hydraulic fracturing spills. The SAB finds EPA’s descriptions of the classes of constituents
and their range of uses as useful information. However, the SAB recommends that the EPA combine
detailed chemical property information with similar information provided elsewhere in the draft
Assessment Report (e.g., Chapter 9). The SAB also recommends that the EPA minimize the value of the
speculative transport scenarios that the agency assessed and reported on in this chapter. The SAB
concludes that there are too many factors affecting the fate of hydraulic fracturing constituents in the
environment for the EPA to use octanol-water partition coefficient (Kow) as a proxy for relative mobility.
These other factors include, for example, fate issues associated with constituents in mixtures,
constituents in non-aqueous phases, and the nature of the environmental media into which these
hydraulic fracturing constituents may be released.

3.3.4. Uncertainties, Assumptions and Limitations

c. Are the uncertainties, assumptions, and limitations concerning chemical mixing fully and clearly
described?

The SAB finds that the reported uncertainties, assumptions, and limitations concerning chemical mixing
are not fully and clearly described. Data limitations compromise the EPA’s ability to develop definitive,
quantitative conclusions within the draft Assessment Report regarding the frequency and severity of
spilled liquids. Data limitations do not constitute evidence that water resources are unaffected; rather,
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these limitations indicate the lack of inclusion of monitoring information from hydraulic fracturing sites
described within the draft Assessment Report, and the lack of a thorough assessment of the uncertainties
of each chemical mixing section of Chapter 5 of the draft Assessment Report. The details of the
monitoring required to assess severity (and not simply what monitoring has already been conducted) is
not and should be included in Chapter 5. A further complication is that analytical protocols for many
constituents used in hydraulic fracturing operations do not exist, and the lack of detection of such
constituents does not mean they are not present in the environment. To address these concerns, although
the final Assessment Report is not intended to be a risk analysis, the SAB recommends that the EPA
include in this chapter a detailed analysis of the failure rates of the fluid handling equipment and the
efficiency of containment measures. Furthermore, within each section of this chapter, the EPA should
include a critical assessment of data gaps, statements of what is needed to close those gaps, and an
explicit statement of uncertainty associated with the topics covered within these sections.

3.3.5. Information, Background or Context to be Added

d1. What additional information, background, or context should be added, or research gaps should be
assessed, to better characterize any potential impacts to drinking water resources from this stage of the
HFWC?

Various data, analysis, and reporting gaps occur within this chapter of the draft Assessment Report. The
EPA should address each of the following gaps as it develops the final Assessment Report:

e What qualifies as a “spill’ is not defined clearly in the draft document. The final Assessment
Report should include a section on requirements for reporting spills, and the EPA should
highlight differences, as they may exist, between state and Federal agencies. For example, the
EPA should describe: (a) whether there is a spill volume below which a report is not required;
and (b) whether a report is required if a spill is contained by on-site mitigation measures, and is
deemed to not reach the ‘environment.’

e A primary gap in understanding on the potential impacts of the HFWC on drinking water
involves the requirement for monitoring of water resources, including analysis of the potentially-
affected environmental receptors prior to the initiation of hydraulic fracturing operations.
Industry reports spills but the spill data are not all easily accessible, nor is industry-conducted
monitoring readily available in a convenient electronic format. The reported spill data are likely
a subset of all spills (varying by region, and the definition of what constitutes a spill.) and, when
reported, the spill data may not be easily accessible or may not constitute the needed range of
data to assess the impact on water quality compared to conditions prior to hydraulic fracturing
operations. The SAB recommends that the final Assessment Report include a summary of
current federal, state and tribal monitoring requirements before, during and after hydraulic
fracturing operations, including types of monitoring wells (i.e., construction specifications),
analytical protocols for constituents, and sampling intervals that would provide the data needed
to assess the impact of hydraulic fracturing on water quality (e.g., see Bunn et al. 2012). The
final Assessment Report should also describe the current monitoring that is occurring during
hydraulic fracturing operations and identify gaps in such monitoring.

The EPA should conduct each of the following efforts as it revises the draft Assessment Report:

e The final Assessment Report should identify future research and assessment needs and future
field studies. The agency should outline its plans for collaborating with regulatory agencies and
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research groups (e.g., at universities). The SAB finds that the agency should outline its plans for
conducting prospective studies and other research that the EPA had planned to conduct but did
not conduct.

e A quantitative assessment of the frequency and type of equipment failure (e.g., as described
further in the response to sub-question 5a, subpoint 2, in the body of the SAB Report).

e A quantitative assessment of containment failure.

e An emphasis on the mass of constituents potentially released, not volumes (as indicated in Fig.
5-5).

e An analysis of the mass of constituents released in spills reported.

e A clear distinction between spill volume, frequency, severity; and identification of what are the
target parameters and how will their values be determined.

e A clearer discussion of the chemical additives, including: concentrations, behavior in mixture;
the effects of uncertainties in additive identity on potential severity; and limitations of property
estimation methods.

e A well-documented case of a spill (perhaps an analogue) that is illustrative of actual risk and
consequences.

e Extension of the chapter’s analysis to updated versions of FracFocus and state reporting systems.

e An analysis of state response to spills, including: how spills are handled, who responds, the state
and federal required actions on spills, and penalties for not reporting.

e A discussion of the principles of monitoring, with a recognition that specific monitoring
campaigns will of necessity be site-specific.

In addition, once hydraulic fracturing fluids enter the environment, their transport and fate can become
highly complex, costly, and in some cases difficult to assess and remediate. The EPA should update the
chapter’s discussion to emphasize efforts to contain and prevent hydraulic fracturing spills.

Also, the discussion in Section 5.8 on fate and transport provides little realistic assessment of the
transport of hydraulic fracturing fluids to a drinking water receptor. The complexities involved in fate
and transport are not covered in depth in Section 5.8. Hydraulic fracturing spills are not monolithic in
type or potential severity, and this section gives the false impression that the transport of spilled fluids
through complex earth materials is well understood. The SAB recommends that the EPA include some
analogue cases that can provide illustrative examples of a spill and its likely fate in the environment. For
example, a spill that would exemplify potential impacts of hydraulic fracturing fluid spills could be
included to illustrate key ideas about environmental fate and transport and link it to the types of
monitoring systems that could be installed to assess and evaluate potential impacts to drinking water
from hydraulic fracturing sites. The SAB also suggests that the EPA consider studies from Superfund
sites or many of the documented cases of leaking underground storage tanks as a source of example
spills that the EPA could consider for such an assessment.

d2. Are there relevant literature or data sources that should be added in this section of the report?

The SAB recommends that the EPA consider the following additional literature sources within this
chapter of the final Assessment Report:

Monitoring: The following references are examples of publications that discuss approaches to
monitoring schemes that are necessarily site-specific. The second reference, a journal, focuses on the
topic:
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e Bunn, AL, D.M. Wellman, R.A. Deeb, E.L. Hawley, M.J. Truex, M. Peterson, M.D. Freshley, E.M.
Pierce, J. McCord, M.H. Young, T.J. Gilmore, R. Miller, A.L. Miracle, D. Kaback, C. Eddy-Dilek, J.
Rossabi, M.H. Lee, R.P. Bush, P. Beam , G.M. Chamberlain, J. Marble, L. Whitehurst, K.D. Gerdes,
and Y. Collazo. 2012. Scientific opportunities for monitoring at environmental remediation sites
(SOMERS): integrated systems-based approaches to monitoring. U.S. DOE (U.S. Department of
Energy) DOE/PNNL-21379. Prepared for Office of Soil and Groundwater Remediation, Office of
Environmental Management, U.S. DOE, Washington, D.C., by Pacific Northwest National
Laboratory, Richland, WA.

¢ National Groundwater Association, Groundwater Monitoring and Review, various articles.

Spills: The following are examples of specific reports of spilled liquids. The article written by Gross,
S.A. et al.,, is referenced within Chapter 5 of the draft Assessment Report; the SAB recommends that the
EPA discuss this publication within Chapter 5.

e Bair, E.S., and R.K. Digel. 1990. Subsurface transport of inorganic and organic solutes from
experimental spreading of oil-field brine. Ground Water Monitoring and Remediation, vol. 10, no. 3,
p. 94 - 105.

e Drollette, B.D., K. Hoelzer, N.R. Warner, T.H. Darrah, O. Karatum, M.P. O'Connor, R.K. Nelson,
L.A. Fernandez, C.M. Reddy, A. Vengosh, R.B. Jackson, M. Elsner, and D.L. Plata. 2015. Elevated
levels of diesel range organic compounds in groundwater near Marcellus gas operations are derived
from surface activities. Proceedings of the National Academy of Sciences 112(43), p. 13184-13189.
October 27, 2015. doi/10.1073/pnas.1511474112.

e Gross, S.A., H.J. Avens, A.M. Banducci, J. Sahmel, J. Panko, and Tvermous, B.T. 2013. Analysis of
BTEX groundwater concentrations form surface spills associates with hydraulic fracturing
operations. J. Air Waste Manag. Assoc. 63(4), p. 424-432.

e New York Times. 2014. Reported Environmental Incidents in North Dakota’s Oil Industry. An
interactive database by spill type can be found here:
http://www.nytimes.com/interactive/2014/11/23/us/north-dakota-spill-database.html

Reporting: Although most State databases are not electronically searchable and thus create a substantial
problem in finding and using hydraulic fracturing data, the SAB recommends that Chapter 5 of the final
Assessment Report be revised to include an assessment of state-level reporting efforts, and that the
following references be considered by the EPA in this assessment:

e North Dakota Department of Health. 2015. Reporting requirements for spills can be found here:
http://www.ndhealth.gov/EHS/Spills/

e Groundwater Protection Council. 2014. State Oil and Gas Regulation Designed to Protect Water
Resources. Groundwater Protection Council.

Frequency: the SAB recommends that Chapter 5 of the final Assessment Report be revised to

substantially update the analysis on the relative frequency of chemical mixing spills compared to other
types of spilled liquids. The following reference provides information that may support this analysis:
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http://www.nytimes.com/interactive/2014/11/23/us/north-dakota-spill-database.html
http://www.ndhealth.gov/EHS/Spills/

e U.S. EPA (U.S. Environmental Protection Agency). 2000. National Water Quality Inventory: 2000
Report. Chapter 6: Groundwater quality. United States Environmental Protection Agency Office of
Water, Washington DC 20460. EPA-841-R-02-001. August 2002.

3.4. Well Injection Stage in the HFWC

Question 4: The third stage in the HFWC is well injection: the injection of hydraulic fracturing fluids
into the well to enhance oil and gas production from the geologic formation by creating new fractures
and dilating existing fractures. This is addressed in Chapter 6.

a. Does the assessment clearly and accurately summarize the available information concerning
well injection, including well construction and well integrity issues and the movement of
hydraulic fracturing fluids, and other materials in the subsurface?

b. Are the major findings concerning well injection fully supported by the information and data
presented in the assessment? Do these major findings identify the potential impacts to
drinking water resources due to this stage of the HFWC? Are there other major findings that
have not been brought forward? Are the factors affecting the frequency or severity of any
impacts described to the extent possible and fully supported?

c. Are the uncertainties, assumptions, and limitations concerning well injection fully and
clearly described?

d. What additional information, background, or context should be added, or research gaps
should be assessed, to better characterize any potential impacts to drinking water resources
from this stage of the HFWC? Are there relevant literature or data sources that should be
added in this section of the report?

Chapter 6 presents a discussion on well injection, in particular the injection of hydraulic fracturing fluids
into the well to enhance oil and gas production from a geologic formation by creating new fractures and
dilating existing fractures. The chapter examines fluid migration pathways within and along hydraulic
fracturing production wells, includes an overview of well construction, and discusses hydraulic
fracturing fluid movement including fluid migration associated with induced fractures within subsurface
formations. It also provides an overview of subsurface fracture growth, discussion on the migration of
fluids through pathways related to fractures/formations, and a chapter synthesis of major findings,
factors affecting the frequency or severity of impacts, and uncertainties.

3.4.1. General Comments

This is a dense and technically complex chapter. The EPA should include more accurate and frequent
illustrations, photos, maps, and diagrams in this chapter to help the reader better understand the complex
issues and technologies discussed.

A key aspect of assessing impacts to drinking water resources from the well injection stage of hydraulic
fracturing operations is well construction and operations that are protective of drinking water resources,
location and characterization of abandoned/orphaned oil and gas wells, and isolation of potable water
from hydraulic fracturing operations. The agency should recognize in the final Assessment Report that
the following are essential activities for the protection of drinking water resources during the well
injection stage of hydraulic fracturing operations: inspection, testing and monitoring of the tubing,
tubing-casing annulus and other casing annuli; and monitoring and testing of the potable groundwater
aquifers through which the tubing, tubing-casing annulus and other casing annuli pass.
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In Chapter 4 of the draft Assessment Report, the EPA used text boxes and case study summaries to
illustrate concepts which may be new or unknown to the public. The SAB recommends that the EPA
include similar boxes and summaries in Chapter 6, and perhaps other chapters as well, to improve the
explanation to the reader on what has happened and why, and to help address concerns that have been
raised by the public. Furthermore, the chapter should include more information on borehole
construction, geologic layering and heterogeneities in physical properties, and well integrity issues
presented in language that will be understood by the nontechnical reader.

To better inform the readers on available processes, methods and technologies that can minimize
hydraulic fracturing’s potential impacts to drinking water resources, the SAB also recommends that this
and other chapters of the final Assessment Report should summarize the many improvements, changes
or accomplishments that have occurred since 2012 in hydraulic fracturing operations related to the
HFWC, including significant technological and regulatory oversight improvements that have occurred
related to well construction, well integrity and well injection.

Important lessons from carbon capture and storage studies, such as those conducted by and with support
of the DOE, have shown that well construction and integrity issues are a primary concern with potential
releases of constituents into the environment associated with subsurface storage. The SAB notes that
these carbon capture and storage studies have relevance to assessments regarding potential releases from
hydraulic fracturing activities. The SAB recommends that the agency examine DOE data and reports on
risks of geological storage of CO> to water resources and include relevant information in the Assessment
Report.

3.4.2. Summary of Available Information on Hydraulic Fracturing Well Injection

a. Does the assessment clearly and accurately summarize the available information concerning well
injection, including well construction and well integrity issues and the movement of hydraulic fracturing
fluids, and other materials in the subsurface?

To better characterize any potential impacts to drinking water resources from the well injection stage of
the HFWC, the EPA should further assess available information that will support activities
recommended by the SAB within the responses below to sub-questions 4a, 4b and 4c.

The description of available data and information regarding well construction, injection and well
integrity in Chapter 6 is generally well documented, but is geared toward a professional audience. The
EPA should revise the text of this chapter of the final Assessment Report so that the reader can better
understand the intricacies of hydraulic fracturing well design and of well integrity issues.

The chapter’s well construction discussion should discuss federal, state and tribal regulatory oversight
(including recent improvements and developments which have helped make operations safer),
mechanical integrity testing of cement and wells, well integrity testing at the time of initial completion,
and subsequent monitoring after the many fractures are placed.

In Chapter 6, the agency should include meaningful, accurate and properly scaled diagrams and charts to
accompany the text. The relevant appendices linked to this chapter should be expanded to include more
information on well construction, injection and well integrity design. The EPA should strengthen the
chapter’s presentation of technical concepts by including clearer geologic illustrations and improved
figures to help the reader understand heterogeneity (e.g., natural fractures, rock properties, and geologic
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layering) of the subsurface. The EPA should also fully explain any acronyms that are being used in this
chapter since the acronyms are often confusing and presented without elaboration.

3.4.3. Major Findings

b1. Are the major findings concerning well injection fully supported by the information and data
presented in the assessment?

b2. Do these major findings identify the potential impacts to drinking water resources due to this stage
of the HFWC?

Most major findings presented by the EPA in Chapter 6 are generally supported by the information and
data provided by the EPA, and the major findings presented by the EPA in this chapter identify many
conceivable potential impacts to drinking water associated with this stage in the HFWC. However, the
EPA should state more clearly the findings of this chapter, and the chapter’s conclusions should flow
clearly from those specific findings. Before drawing conclusions on water quality impacts associated
with this HFWC stage, the EPA should:

e Clarify the description of the probability, risk, and relative significance of potential hydraulic
fracturing-related failure mechanisms, and the frequency of occurrence and most likely
magnitude and/or probability of risk of water quality impacts, associated with this stage in the
HFWC;

¢ Include a discussion of recent state standards for hydraulic fracturing well design, required
mechanical integrity testing in wells, new technologies and fracture fluid mixes, and federal,
state and tribal regulatory standards that have changed, or may have changed, the probability of
risk of water quality impacts associated with this stage in the HFWC; and

¢ Include an analysis and discussion on hydraulic fracturing case studies and example situations
where impacts may have occurred.

To improve the presentation and identification of major findings in Chapter 6, the EPA should provide a
hierarchy regarding what are the most important first order factors and effects vs. second and third order
factors and effects associated with the potential impacts of hydraulic fracturing well construction, well
integrity and well injection on drinking water resources. For example, the EPA should discuss first and
second order factors and effects regarding the severity and frequency of potential impacts from poor
cementation techniques, hydraulic fracturing operator error, migration of hydraulic fracturing
constituents from the deep subsurface, and abandoned/orphaned oil and gas wells (including likelihood
of impacts, number of abandoned/orphaned oil and gas wells, and plugging issues associated with such
wells). The SAB recommends that the EPA prioritize and improve the discussion of conclusions
regarding frequency and severity of impacts, and describe high vs. low probability of occurrence, and
what the EPA considers high vs. low probability impacts. The EPA should include a conceptual,
summary figure that includes axes of probability vs. impact within this analysis.

On pages 6-56 and 6-57 of this chapter, the EPA includes the following major finding: “Given the surge
in the number of modern high-pressure hydraulic fracturing operations dating from the early 2000s,
evidence of any fracturing-related fluid migration affecting a drinking water resource (as well as the
information necessary to connect specific well operation practices to a drinking water impact) could
take years to discover.” The EPA should provide additional information regarding this finding, and
further describe the basis for making this statement.
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Also, the last sentence of the conclusory discussion in Section 6.4.4. on page 6-57 states: “Evidence
shows that the quality of drinking water resources may have been affected by hydraulic fracturing fluids
escaping the wellbore and surrounding formation in certain areas, although conclusive evidence is
currently limited.” The SAB recommends that the EPA revise this sentence since this conclusory
sentence is internally contradictory.

b3. Are there other major findings that have not been brought forward?

While the major findings for Chapter 6 are supported by the information and data and identify many
conceivable potential impacts to drinking water resources, the EPA did not bring forward assessments of
the likelihood and commonality of possible impacts to drinking water resources associated with
hydraulic fracturing well construction, well integrity and well injection. Also, there are several issues
regarding cement and casing, spatial and temporal considerations, and stray gas that are critical to
ensuring hydraulic fracturing well integrity that the EPA should further assess, which are further
described below. The EPA’s further assessment on these issues may result in additional major findings
within this chapter of the final Assessment Report.

Cement and Casing

The SAB finds that cement integrity, initially and over time, is critical to ensuring hydraulic fracturing
well integrity, and hydraulic fracturing cement integrity and issues surrounding such integrity have not
been well defined in Chapter 6 of the draft Assessment Report. Also, design principles associated with
hydraulic fracturing cement integrity are absent from the draft Assessment Report and should be
included to help the reader better understand cement integrity.

The highest priority for improving the EPA’s hydraulic fracturing cement and casing discussion in the
final Assessment Report is for the EPA to rewrite and better describe recommendations and
requirements for mechanical integrity testing in wells prior to, during and after the hydraulic fracturing
process has been completed. While these tests are mentioned in the footnotes of Chapter 6, the final
Assessment Report should specifically discuss the importance of conducting these tests in the text of
Chapter 6, or highlight these tests in a text box that the EPA could include in this chapter. The SAB
recommends that the final Assessment Report mention that: (a) these tests are vitally important to
conduct to ensure hydraulic fracturing well integrity; (b) that these tests, along with cement bond log
analyses, should be conducted before a well is hydraulically fractured and also on a periodic basis
through the life of the hydraulic fracturing well to ensure hydraulic fracturing well integrity; and (c) if
these tests indicate a compromise of the well integrity, remedial activity should be conducted before
further hydraulic fracturing operations can proceed. The SAB also suggests that the EPA include a
figure in the final Assessment Report that depicts a cement bond log that indicates good cement
bonding, no cement bonding, and partial bonding. The SAB suggests that the EPA consider use of a
diagram published by the Society of Petroleum Engineers on this topic (Society of Petroleum Engineers
2013).

Since the quality, placement and type of cement is critical towards ensuring hydraulic fracturing cement
integrity, the EPA should improve the final Assessment Report’s discussion on the various classes of
cements used as well as different types of casings for hydraulically fractured wells. The EPA should
include a diagram that illustrates typical cementation practices both in active as well as in
abandoned/orphaned oil and gas wells. Regarding abandoned/orphaned oil and gas wells, the EPA
should provide a profile diagram of an abandoned well with typical placement of cement, and include
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discussion on the frequency of, and requirements for, cementing of abandoned wells. The EPA should
also describe how abandoned wells of questionable integrity can provide a pathway to freshwater
sources, and note that such wells are abundant, not routinely characterized, and in many instances not
even identified.

The EPA should also include more information on aging hydraulically fractured wells, how wells may
be re-completed (i.e., re-fracturing previously hydraulically fractured wells) and use of acids in old wells
(and whether use of such acids degrades old cement), and include statements on whether these wells and
hydraulic fracturing activities result in potential impacts to drinking water resources. The EPA should
also better describe the use of evaluation methodologies (e.g., cement bond logs, temperature logs,
acoustic and circumferential bond logs, and pressure testing) and limitations of such methodologies in
assessing hydraulic fracturing well cement and casing integrity.

The SAB finds that databases and data exist for cement and casing integrity in hydraulic fracturing, and
while these databases have not generally been readily accessible this situation appears to be improving.
The EPA should note in Chapter 6 the benefits to be gained through industry disclosure and sharing of
specific data on cement and casing integrity to increase transparency on issues associated with this topic.
In order to reduce uncertainties associated with cement and casing characterization in hydraulic
fracturing, the SAB also provides recommendations regarding the well file review under the “Statistical
Analysis’ heading of Section 3.4.4 of this SAB report.

Within Chapter 6 of the final Assessment Report, the EPA should also describe available new research
and technology that has been developed since 2010 with respect to cements, low thermal gradient setting
times, swellable elastomers and flexible cements. The EPA should describe how available and
widespread are the uses of these technologies, whether the availability and use of these technologies
affects the temporal variation of occurrence of problems associated with cement and well integrity, and
whether any, some, or most of the identified impacts associated with cement and well integrity have
been or could be mitigated by such technologies.

The EPA should also better explain how pressure diffusion in karst limestone formations and in porous
zones adjacent to shales can be critical in diffusing migration pathways associated with installation and
cementing practices of hydraulically fractured wells. The EPA should improve the discussion to note
that these pathways are complex and that porous zones can help diffuse pressures. This discussion
should also describe the various difficulties associated with cementing hydraulically fractured wells in
such zones.

The EPA should discuss the potential effects of natural and induced seismicity on cementing integrity
and the challenges of studying this phenomenon.

Furthermore, within Chapter 6 the final Assessment Report, the EPA should avoid use of words such as
“conduits” to describe minute cracks and fissures in rocks, since mechanical discontinuities occur on a
range of scales and very few cracks/fissures are as large-scale as implied by words such as “conduits.”

Spatial and Temporal Issues

Within Chapter 6 of the final Assessment Report, the EPA should include additional discussion on how
the manner by which hydraulically fractured wells are completed may affect how gas escapes from the
hydraulic fracturing well, and how methods for hydraulically fracturing a well have improved over time
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to further mitigate such gas release incidences. The EPA should include a summary of temporal and
spatial variations associated with hydraulic fracturing-related gas release incidences that have occurred,
and the SAB concludes that such information would help to address many public concerns on this topic.
The SAB recommends that, at a minimum, the EPA should report the dates of such incidences (which
may be noted on the collected data and from the literature review) so that conclusions regarding
temporal trends may be drawn or inferred.

The EPA describes many timeframes in Chapter 6 but does not adequately differentiate or discuss these
timeframes. The period of fluid injection to fracture the source rock may be hours or days for each
fractured well segment; in contrast, the flow of oil and/or gas back into the well lasts for the entire
production life of the well, which can be many years. Since hydraulic fracturing has a short time
duration (hours/days) and post-fracturing produced water collection and disposal are performed over
many years, the EPA should consider including and discussing a bar graph that summarizes duration of
different events in the “life-cycle” of a well. For example, see the graph suggested by SAB Panel
member Dr. Scott Bair in his preliminary individual Panel member comments for Charge Question 4.1
Such a summary would provide clarity on the difference in the duration of these stresses and the
difference in the duration of fluid flow directions oriented away from and into the well.

The EPA should include information regarding the spatial proximity of wells to each other and to water
sources and to known geologic faults to help the reader better understand the physical situation in which
hydraulic fracturing well injection is conducted. In addition, the SAB notes that statistical information
on hydraulic fracturing well data summaries is generally not available. The recommendations in the
above two sentences can be considered longer term future activity. In addition, the EPA should provide
more information on the three-dimensional nature and aspects of well injection in the HFWC.

Stray Gas

The EPA should expand the stray gas migration discussion in Chapter 6 on techniques that can be used
to identify the source of stray gas such as noble gas tracers, and more clearly describe the pathways for
such migration. While the draft Assessment Report accurately describes the general state of the art of
these techniques, and describes variations in stray gas with respect to different types of oil and gas
production (e.g., coal bed methane), the science of stray gas migration and analysis is described only
briefly and should be rewritten to include greater clarification on the topic. For example, in its
descriptions of situations where hydraulically fractured wells may not be properly cased and cemented,
the EPA should distinguish between fracture-related gas vs. stray gas that may migrate naturally through
formations.

! See SAB’s October 28-30, 2015 meeting website for these posted individual SAB Panel member comments, at the
following website address:
http://yosemite.epa.gov/sab/sabproduct.nsf/a84bfee16cc358ad85256ccd006b0b4b/26216d9fbba8784385257e4a00499ea0!0p
enDocument&Date=2015-10-28.
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3.4.4. Frequency or Severity of Impacts

b4. Are the factors affecting the frequency or severity of any impacts described to the extent possible and
fully supported?

The SAB finds that Chapter 6 could be improved if the final Assessment Report clarified the
probabilities associated with the frequency and severity of impacts to drinking water resources
associated with various stages of the hydraulic fracturing well injection process. The chapter generally
does an excellent job of explaining the possible situations that may occur and result in a release from the
well injection process that may impact drinking water resources. However, the chapter should provide a
more focused discussion on the likelihood, frequency, magnitude, and severity of such impacts. The
text, if not modified, would leave the reader to deduce or make incorrect inferences regarding such
impacts. The EPA should clarify in Chapter 6 what is known about the frequency and the severity of
such impacts, and should not state that the EPA is unable to assess such impacts or severity.

As recommended in the following paragraphs, the EPA should further assess data available to improve
the discussion on likelihood, frequency, magnitude, and severity of such impacts. While the anecdotal
data on this topic are well described and very fully documented within the draft Assessment Report, the
data are not statistical in nature, and therefore conclusions on severity of impact are difficult to assess.
Conclusions as to severity and risk based on such data should be developed after these and other data are
assessed.

Statistical Analysis

Chapter 6 does not quantify the number of impacts described in the literature associated with the well
injection stage of the HFWC. While the draft Assessment Report states that there are inadequate data to
quantify the frequency or severity of such impacts, available literature and research presented in the
draft Assessment Report did uncover a limited number of impacts. In addition, the EPA’s Well File
Review that is described in Text Box 6.1 on page 6-6 of the draft Assessment Report statistically
examined a number of well files selected from approximately 24,000 wells. The SAB notes that the EPA
can reduce uncertainties associated with hydraulic fracturing cement and casing characterization by
examining and assessing substantially more than the 327 well files evaluated out of the approximately
24,000 well files total that are referenced in the draft Assessment Report, as a longer-term future
activity, and use this information to help assess the frequency of impacts relative to the number of
hydraulically fractured wells. The SAB also recommends that the EPA conduct full statistical analyses
on such an expanded Well File Review, and develop graphs or tables associated with such analyses. The
recommendations in this paragraph can be considered longer-term future activities.

The SAB recommends that when estimated percentages are quoted from the Well File Review, the EPA
should accompany them with the relevant confidence intervals, and indicate whether they are found in
the text of the Review or are inferred from graphs. The EPA should also discuss whether the relatively
low percentage of horizontal well completions covered by the Review limits its relevance to current
practice.

Distinquishing Sources of Stray Gas

The EPA should distinguish studies that “presume” that impacts are caused anthropogenically, since the
actual causes of such impacts may be natural (fault seepage) or due to historical events (such as releases
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from old, abandoned/orphaned oil and gas wells). The SAB recommends that the EPA rely on
scientifically sound peer-reviewed papers (e.g., Darrah et al. 2014, that is cited in the draft Assessment
Report) that identify sources of migrated gases based on isotopic and compositional analysis of the gas
to identify the actual causes of such impacts, and that do not attempt to eliminate natural pathways based
on assumptions that are not scientifically justified.

Section 6.4.1.3 of the draft Assessment Report describes several cases of documented impacts, and
clarifies that the causes may be inconclusive. The SAB recommends that the EPA describe the
frequency of such impacts relative to the number of wells. Some of these documented impacts were not
documented to have occurred from hydraulic fracturing activities, and the reasons for such inconclusive
documentation should also be described.

The EPA should expand the stray gas migration discussion in Chapter 6 on techniques, such as noble gas
tracers, used to identify the source of stray gas, and as noted earlier, more clearly describe the pathways
for such migration. The final Assessment Report should discuss publications describing cases of such
migration, and evaluate the veracity of conclusions drawn in these studies. The EPA provided a good
discussion on Page 6-2 of the complexity and challenges associated with differentiating stray gas
migration due to hydraulic fracturing activities from numerous potential natural and anthropogenic
processes of gas, and the many potential natural occurring or man-made routes that may exist for such
migration.

The EPA should expand and clarify the discussion on the current use by industry of tracers for injection
fluids, as well as any efforts made by the EPA or other entities to develop tracers, and describe how the
use of tracers might be an approach that could allow assessment of releases of contamination and
interpretation of the source of contamination if it occurs. For example, the agency should summarize
what constituents, metal cations, and isotopes are used currently for chemical and radioactive tracers, the
degree to which tracers are used, where tracers are used, what concentrations are in use, and what
concentrations are measured for these tracers in injection fluids. The EPA should consider the
publication of Warner et al. (2014) in its expansion of discussion on the use of tracers for assessing
potential releases of hydraulic fracturing fluids.

Distinguishing sources and pathways for gas resulting from casing failure, from natural migration in
faults or shallow formations, or from unknown abandoned/orphaned oil and gas wells is typically
difficult, and assessments of source and migration path often result in conflicting expert opinions.
Beginning on page 6-16 in Section 6.2.2.1 in Text Box 6-2, the draft Assessment Report states that new
noble gas and hydrocarbon stable isotope data can be used to further distinguish these sources and
pathways. The SAB finds that clear evidence of the existence of these pathways is needed to make
sound conclusions on those sources and pathways.

It is stated in Chapter 6 that methane occurs naturally in many aquifers and that methane from different
sources (i.e., significantly different formations and/or depths) can often be distinguished isotopically or
compositionally. The text should be modified to clarify that the increase of methane alone in an aquifer
or a nearby, domestic/residential or commercial potable well is not a good indicator of a release from a
hydraulic fracturing well due to the potential release of naturally occurring methane in that aquifer from
pumping or sampling disturbances in the water well. The text should also note that the best method for
confirming cause and effect of methane releases is pre-drilling baseline sampling and post-drilling
sampling of well fluids, combined with use of isotopic and compositional analysis of dissolved gases,
anions and cations and knowledge of the existing or perturbed natural pathways. However, as noted in
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the previous paragraph, interpretation of these data is complicated and often results in conflicting expert
opinions.

Modeling Fluid Flow

The EPA should improve the description and presentation in Chapter 6 of the objectives, designs,
limitations and conclusions of the models and simulations that support analysis of the well injection
stage of the HFWC. The modeling associated with this stage of the HFWC that the EPA conducted as
part of its Assessment Report only studied the injection of fluid over a short period of time under
hydrostatic conditions. The draft Assessment Report should describe additional project modeling work
that is forthcoming. The SAB is concerned that the draft Assessment Report presents a confusing
description regarding how the agency uses actual data (e.g., pressure data, water chemistry data or other
measured parameters) to describe situations where hydraulic fracturing fluids reach drinking water
resources, vs. how the EPA uses modeling predictions of such occurrences to describe these situations.
In the descriptions of the models and simulation results the EPA should clarify that the models are
interpretive and are based on a generic geologic system, generic fracturing stress, a specified hydraulic
gradient, and generic physical rock properties.

Section 6.2.2 of the draft Assessment Report inappropriately uses the word “evidence” with regard to
modeling. In the descriptions of the models for fracture propagation and fluid migration introduced and
discussed in this chapter, the EPA should clarify that these model predictions and results are not
“evidence”, and fully and clearly describe the limitations of such models. The EPA should state that the
results from an interpretive model are not presentable as “evidence”, and that predictive models must
match natural physical and/or chemical properties measured in the field or in the laboratory. The EPA
should note that the modeling results presented in section 6.2.2 do not represent actual sites, nor do they
contain all combinations of stresses, hydraulic gradients, rock properties, typical geologic settings, and
natural heterogeneity (e.g., fractures, rock properties, and geologic layering). The EPA should clarify
that the models provide possible outcomes that are limited by the assumptions made in design and
implementation of the model. Any reference to a model needs to state the assumptions/limitations of the
model. Predictive models must be validated with measurements/data in order to justify making
predictive simulations. Regarding typical geology, the SAB recommends that the EPA include a
discussion on the importance of understanding the regional geology of an area prior to installing a
hydraulic fracturing well or drilling into a play where hydraulic fracturing will be involved. The brief
overview of regional geologic factors should acknowledge the importance of the physical properties of
the various rock layers (e.g., thicknesses, lithologies, continuity, porosities and permeabilities, fracture
density), the hydrocarbon charge (entry mechanism) and maturation in the reservoir, the overall degree
and complexity of deformation, the extent of separation from base potable groundwater to the objective
producing section, and geothermal and stress field gradients.

In addition, the EPA should provide more or improved figures to illustrate each model/scenario
described in Chapter 6. The EPA should add a description of the modeling assumptions and the
strengths and weaknesses of any modeling parameters, and should make clear that the models described
only provide insights that depend on the quality of input data and the assumed physics and geology.

The chapter’s description of natural fractures and the nature of induced vs. natural fractures is brief and
should be rewritten to include more clarity and information. The EPA should gather data abundantly
available from industry, academia and service companies regarding how fractures grow and whether
fractures are likely to reach ground surfaces, and describe such data and analysis in the final Assessment
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Report. Recent research efforts such as those conducted at Colorado School of Mines’ Reservoir
Characterization Project (RCP), indicate hydraulically induced fractures generally stay within a very
narrow range above and below the fractured horizon (see Vinal and Davis 2015). In addition, fracture
propagation distances are reported by Davies et al (2012). The SAB notes that Figure 6-1 misleadingly
depicts what appears to be a fresh water zone behind an un-cemented intermediate casing string. The
SAB recommends that Figure 6-1 be revised since it does not depict a realistic scenario of current
industry practice. While Figure 6-5 is a potentially helpful pictorial guide for the well injection stage of
the HFWC, the EPA should describe the complexity of the subsurface geology and well construction
within the chapter in the interpretation of this figure. In addition, Figure 6-5 should be revised to address
the misleading distances and scale and oversimplified geology associated with the figure. The EPA
should also describe a typical industry injection rate and pressure plot for a hydraulic fracturing injection
as a function of time, as related to Figure 6-5, and include the entire fall-off period within this
description.

The SAB notes that hydraulic fracturing simulation and design software, such as STIMPLAN, has been
used in an attempt to create fractures that grow to intersect the base of potable water-bearing units, and
that such simulations were unsuccessful in propagating fractures upward from the target zone to potable
water without assuming geological and geophysical parameters which contradict actual conditions in the
subsurface. Smith and Montgomery (2015) provides useful information on parameters that affect
fracture height growth.

The EPA should acknowledge in the chapter that unidentified abandoned/orphaned oil and gas wells of
questionable integrity can provide a pathway to freshwater sources, and conduct a literature review or
other search to identify the order of magnitude of this problem.

Induced Seismicity

In addition, the final Assessment Report should include some discussion about what is known regarding
induced seismicity and impacts on drinking water resources associated with HFWC activities. The EPA
should consider the publication by Dillon and Clark (2015) when developing this discussion regarding
the occurrence and causal factors of such events. Detailed discussion of induced seismicity from
hydraulic fracturing-related wastewater disposal and related federal, state and tribal regulatory response
should be reserved for Chapter 8 which is focused on hydraulic fracturing-related wastewater treatment
and disposal. Since 2009 a significant increase in induced seismicity has been noted in Texas,
Oklahoma, Ohio, and other states, and this induced seismicity has been typically linked to high-rate
disposal injection wells and not hydraulically fractured wells. Induced seismicity from well injection for
hydraulic fracturing should be distinguished from induced seismicity associated with hydraulic
fracturing wastewater disposal via Class 11 deep well injection. The SAB notes that there have been
reports of slightly higher magnitude seismicity at hydraulic fracturing sites (up to Magnitude 4+ in
Alberta and British Columbia as well as in Ohio) (Fischetti 2012; Skoumal et al. 2015; Holland 2011,
Horner et al. 1994; and Perry et al. 2011). The SAB recommends that the EPA include better
documentation within this chapter on the occurrence and any causal factors of such events. For example,
the EPA should include discussion on whether the increased rates or volumes of injection in British
Columbia and Alberta were causal factors for seismicity in those areas, or whether slippage along
natural fractures was the main cause for such seismicity. If fracturing was induced by Class 11 deep well
injection, the EPA should describe the vertical extent of such induced fracturing and how such induced
fractures compare to fractures caused by hydraulic fracturing activity. The SAB also recommends that
the EPA discuss in the final Assessment Report the importance of continual seismic monitoring at new
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hydraulic fracturing sites or hydraulic fracturing sites that have the potential for elevated seismicity and
impacts on drinking water resources, and provide information on available micro-seismic data and how
such data may impact assessments regarding induced seismicity.

The EPA should provide an overview of the state of seismic monitoring technology and advances of
monitoring technology regarding the detection of seismicity, and provide documentation and monitoring
data available for induced seismicity for hydraulic fracturing and deepwell injection. The trends
associated with such induced seismicity should also be discussed, including whether deep well injection
of hydraulic fracturing-related wastewater is being reduced because of regulatory changes driven by
public concerns about seismic activity and its associated costs, as recently occurred in Oklahoma (Wines
2016). The EPA can consider the recommended activities in this paragraph for longer-term future
activity.

3.4.5. Uncertainties, Assumptions and Limitations

c. Are the uncertainties, assumptions, and limitations concerning well injection fully and clearly
described?

Overall, while Chapter 6 discusses many hydraulic fracturing well injection technologies and scenarios
and possibilities, the EPA should revise the chapter and better describe the uncertainties, assumptions
and limitations of the data and the use of data associated with well injection. In addition, this chapter
should include an assessment on the probability or likelihood of occurrence of impacts to drinking water
resources from well injection. Such an assessment would improve the readers’ understanding of
uncertainties associated with this chapter.

The EPA should more clearly describe the uncertainties associated with the probability, risk, and relative
significance of potential hydraulic fracturing-related failure mechanisms, and the frequency of
occurrence and most likely magnitude of water quality impacts associated with the well injection stage
of the HFWC. In particular, the EPA should provide more information on the relative probability of
scenarios presented for potential impacts of the well injection stage of the HFWC. Specific examples of
possible improvements are discussed in the following paragraphs.

The discussion in Chapter 6 on the frequency and severity of impacts associated with the well injection
stage of the HFWC leaves the reader with high uncertainty on the frequency and severity of impacts, and
whether any impacts can happen at any location at any time. The EPA should identify, prioritize and
describe hydraulic fracturing-related issues that have arisen in regard to well injection to reduce
uncertainties and help identify methods to minimize impacts of the well injection stage of the HFWC
and minimize the uncertainties associated with abandoned/orphaned oil and gas wells.

As described above within the response to sub-questions 4b1 and 4b2, the SAB finds that cement
integrity, initially and over time, is critical to ensuring hydraulic fracturing well integrity, and that the
limited discussion on hydraulic fracturing cement integrity and issues surrounding such integrity within
Chapter 6 increase the uncertainties associated with how cement integrity may affect impacts to drinking
water resources. The EPA should describe the uncertainties surrounding hydraulic fracturing well
cementing integrity. The EPA should also discuss how mechanical integrity testing in wells prior to,
during, and after hydraulic fracturing operations have been completed would lessen the uncertainties
associated with hydraulic fracturing well cementing integrity.
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The SAB also notes that the EPA can reduce uncertainties associated with hydraulic fracturing cement
and casing characterization by examining and assessing substantially more than the 327 well files
evaluated out of the approximately 24,000 well files referenced in the draft Assessment Report. The
SAB also recommends that the EPA conduct full statistical analyses on such an expanded Well File
Review, and develop graphs or tables associated with the results of such analyses. The recommendations
in this paragraph can be considered longer-term future activities.

3.4.6. Information, Background or Context to be Added

d1. What additional information, background, or context should be added, or research gaps should be
assessed, to better characterize any potential impacts to drinking water resources from this stage of the
HFWC?

The EPA should conduct as longer-term future activities the various recommended activities suggested
above within the responses to Charge Questions 4a and 4b to better characterize any potential impacts to
drinking water resources from the well injection stage of the HFWC. Wastewater injection and detailed
discussion of induced seismicity from hydraulic fracturing-related wastewater disposal an