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Individual Comments from Members of the EPA Science Advisory Board
(SAB) Hydraulic Fracturing Research Advisory Panel

INTRODUCTION:

In its Fiscal Year 2010 Appropriation Conference Committee Directive to EPA, the U.S.
Congress included a provision that urged EPA to conduct analyses to assess the potential risks to
drinking water posed by hydraulic fracturing of formations including coalbeds and shale for
extraction of natural gas. To meet the Congressional request, EPA’s Office of Research and
Development (ORD) developed approaches for gathering existing data and information on the
potential effects of hydraulic fracturing on drinking water resources. This effort, which included
a stakeholder input process, focused on the following: cataloging potential risks to drinking
water supplies from hydraulic fracturing; identifying data gaps; and developing research
questions, research needs, and research products. ORD developed a draft research scoping
document and study plan related to hydraulic fracturing in response to the FY 2010 Directive,
and requested that the Science Advisory Board review the Agency’s draft documents.
Subsequent to the SAB reviews of ORD research planning documents in 2010 and 2011, ORD
began implementing the revised study plan and has conducted stakeholder outreach on research
activities.

In December 2012, ORD released a Progress Report: Potential Impacts of Hydraulic Fracturing
on Drinking Water Resources that describes the status of its research on the potential
environmental and human health implications of hydraulic fracturing with special emphasis on
the relationship between hydraulic fracturing and drinking water resources. During 2012, prior to
release of the Progress Report, ORD requested the Science Advisory Board to conduct a
“consultation” review of the research described in the report. An SAB consultation is a
mechanism for SAB Panel members to provide their individual expert comments for the
Agency’s consideration early in the implementation of a project or action. A consultation does
not require consensus among the committee members nor preparation of a detailed report.

The SAB conducted the consultation in Washington, D.C. on May 7 and 8, 2013 for individual
members of the SAB Hydraulic Fracturing Research Advisory Panel to provide expert comments
on charge questions associated with the research described in EPA’s December 2012 Progress
Report. * The charge questions are listed below; the entire charge question memorandum is
included as Appendix C. To facilitate the discussion of the issues and charge questions during
the meeting, members were assigned lead discussant roles and asked provide written comments
after the meeting on assigned charge questions as designated on the agenda for the meeting (see
Appendix B). All members of the panel were encouraged to provide individual written comments
responding to the assigned charge questions, remaining charge questions assigned to other panel
members, and any other issues they identified in the Progress Report.
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The SAB Staff compiled all the individual comments received from the members of the
Hydraulic Fracturing Research Advisory Panel and they are presented in alphabetical order.
These individual comments do not represent consensus advice from the Hydraulic Fracturing

Research Advisory Panel, have not been reviewed by the Chartered SAB, and do not represent
EPA policy.
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LIST OF CHARGE QUESTIONS:

Charge Question 1: Spatial and Temporal Scales for Water Quality Analysis: What spatial
and temporal scales should be considered for this analysis to best characterize the impacts, if
any, on the quality of water used as a source of drinking water?

Charge Question 2: Water Quality Characteristics: Please identify the most important water
quality characteristics that should be considered.

Charge Question 3: Water Availability: What spatial and temporal scales should be
considered for this analysis to best characterize the impacts, if any, on the availability of water
used as a source of drinking water?

Charge Question 4: Fluid Composition and Potential Impacts to Drinking Water
Resources: Given the data sets available, what information on fluid composition, factors
affecting composition, and/or trends in composition of hydraulic fracturing fluids may be most
useful for identifying potential impacts to drinking water resources across the United States?

Charge Question 5: Historical Changes and Current Trends in Fluid Composition: What
key historical changes or current trends, if any, in hydraulic fracturing fluid composition should
be considered as the EPA assesses the chemicals listed in Appendix A of EPA’s Progress
Report?

Charge Question 6: Indicator Chemicals: What criteria should be considered when
identifying indicator chemicals, and why?

Charge Question 7: Subsurface Fluid Migration Scenarios: Given that hydraulic fracturing
occurs at different depths and in different types of rock formations, please comment on how to
best use results from these simulations to answer the research questions listed in Table 26 (page
62) of EPA’s Progress Report.

Charge Question 8: Effectiveness of Well Construction and Operation Practices: Please
comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water resources.

Charge Question 9: Composition of Flowback and Produced Water: Please identify specific
data or literature on the composition of flowback and produced water in other areas of the
country.

Charge Question 10: Assessing How Spills or Leaks May Impact Drinking Water
Resources: Please suggest ways for the EPA to use these or other data to more comprehensively
assess how spills or leaks may impact drinking water resources.
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Charge Question 11: Wastewater Treatment and Waste Disposal Chemicals: Please
provide recommendations for other specific chemicals that are of interest from a wastewater
treatment and/or drinking water treatment perspective.

Charge Question 12: Trends in Wastewater Management that May Affect Hydraulic
Fracturing Wastewater: What key trends in wastewater management, if any, may affect the
volume and/or composition of hydraulic fracturing wastewater being treated and discharged to
surface water?
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COMMENTS FROM DR. STEPHEN W. ALMOND

Charge Question 1: Spatial and Temporal Scales for Water Quality Analysis: What spatial
and temporal scales should be considered for this analysis to best characterize the impacts, if
any, on the quality of water used as a source of drinking water?

The data sets available in Appendix A: Chemicals Identified in Hydraulic Fracturing Fluids and
Wastewater is a nice start to accumulate data on the specific chemicals that are compiled in
specific chemical additive packages. The data sets were compiled from the input of three
sources, 9 fracturing companies, 9 operator companies and the Frac Focus data base. For
example, Table A-1 is a compilation of individual fracturing fluid chemical components gathered
from 9 fracturing companies used during the 2005 to 2010 time period. There are close to 1000
individual chemicals identified to have been used during this period. This table is very good for
historical information of what was used and how broad of range of chemicals was used.

One problem with Table A-1 is it does not indicate how the fracturing industry has changed over
the time period (i.e., 2005-2010) in moving to less harmful, more benign or friendlier chemical
types. If you include the years 2005 to 2013, the entire effort of the fracturing industry to
introduce safer chemicals is not captured. To establish an accurate picture of how the fracturing
fluids have changed over the years, it is suggested to consider putting a time line of chemical
usage together to capture these efforts by the industry to change to safer chemicals. A chemical
use time bar could be created to show the improvements made in the fracturing fluids used. The
FracFocus data sets could be used to construct such a time bar as the fluid compositions can be
sorted by year. In addition, if the SAB would go back to around 1989 and use additional data
compiled from fracturing companies at the request of the EPA for their Leaf vs EPA litigation
around coalbed methane fracturing in Alabama that would add an additional 10+ years of history
to the time bar.

Another problem with Table A-1 is that it does not address or capture the fact that different
operational areas or fields that are fractured, require different chemical compositions to provide
optimum performance. For example, a well fractured in the Hainseville shale with a bottom hole
temperature (BHT) of 250 degF and higher would require a different fracturing fluid formulation
than one for the Marcellus shale with a BHT of 120 degF or lower. Since Table A-1 does not
have a correlation with specific additives or additive types, there is no way to tell where a
specific chemical was used. It is suggested that using the FracFocus database to characterize
each study area or field to determine which specific chemicals were used in a specific area. In
fact, the SAB could actually query each of the nine fracturing companies in the original data set
gathering for Table A-1 for a break out of typical fluid compositions used in each field. This
could help in identifying which fields or areas are more at a risk from a specific chemical
composition standpoint.

Table A-3 contains a listing of 132 chemicals that have been in flowback and produced water
which are termed collectively as “hydraulic fracturing wastewater”. Of the 138 chemicals listed
in Table A-3, only 36 or 24% were reported to have been used in hydraulic fracturing fluids by
the 9 service companies who contributed to the data set in Table A-3. Since these fluids were
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combinations of fracturing fluid and produced water (i.e., pre-fracturing formation water) this
suggests the possibility of the produced water or formation water prior to fracturing, contained
the balance or 76% of the chemicals listed in Table A-3. These results indicates the importance
of having a number of pre-fracturing water samples obtained so the formation fluid itself has a
baseline and need to have samples of the actual hydraulic fluid prior to fracturing. Without this
information, the results in Table A-3, suggest that the hydraulic fracturing fluid may not be the
major source of contamination which may or may not be misleading. It is suggested that any
study of this type consist of carefully documented before and after samples to insure its validity.

Charge Question 5: Historical Changes and Current Trends in Fluid Composition: What
key historical changes or current trends, if any, in hydraulic fracturing fluid composition should
be considered as the EPA assesses the chemicals listed in Appendix A of EPA’s Progress
Report?

The Leaf vs EPA lawsuit in the late 1980’s, which is documented in the open literature charged
that hydraulic fracturing was reported to have caused contamination in a drinking water well in a
coalbed methane field in Alabama, resulted in fracturing service companies taking a hard look at
the chemicals used in their fracturing fluids. This resulted in the historical change of fracturing
fluid service companies, voluntarily beginning to reduce the volume and use of certain types of
harmful chemicals through the replacement of these harmful chemicals with friendlier chemicals.
For example, diesel which was used as a carrier fluid for concentrated gelling agent blends was
replaced with more benign fluids like mineral oil.

As discussed in the response to Charge Question 4, using the data listed in Appendix A of the
EPA’s progress report, it is very difficult if not impossible to identify key historical changes or
current trends in hydraulic fluid composition. However, through careful timeline analysis of
chemical usage from the FracFocus database, the trend in the industry to use less harmful more
environmentally friendly chemicals could be captured or documented. In addition, a literature
review would be helpful to document specific cases where these improvements were made.

In addition, it might be helpful to go back to the original 9 service companies to obtain a picture
of how their fluids have changed with time. For example, Dave Lesar, CEO of Halliburton,
drank a broken fracturing fluid during his presentation at the Annual SPE Technical Conference
held in San Antonio, Texas in 2012 to lend credence that the service companies are working very
hard to use less harmful chemicals in their fluids voluntarily in their quest to reduce the impact
of fracturing and other oilfield service operations on the environment.
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COMMENTS FROM DR. E. SCOTT BAIR

It is the nature when providing comments on a manuscript or a draft report to describe only those
areas in need of clarification, explanation, or correction. In so doing, the passages that need no
assistance receive little attention and no praise. | want to acknowledge the countless
praiseworthy paragraphs and sections in this report.

Responses to Assigned Charge Questions

Charge Question *3 — What spatial and temporal scales should be considered for this analysis to
best characterize the impacts, if any, on the availability of water used as a source of drinking
water?

Scale of Regional Groundwater Flow. Possible impacts of hydraulic fracturing need to be
evaluated at a variety of spatial and temporal scales. Many shale gas reservoirs occur at
depths of several thousand feet or more. At these depths, groundwater flow cells are regional
and unlike shallow flow cells where recharge areas and discharge areas occur within a single
sub-basin of a watershed. Groundwater flow at depths of thousands of feet usually is within
intermediate or regional scale flow cells that bypass (i.e., flow beneath local streams and
rivers) to discharge in more distant sub-basins further down the watershed, as shown on
Illustration 1 (below). Hydraulic gradients in deep flow cells are much flatter than those in
shallow flow cells, which diminishes the velocities of groundwater and fracking fluids and
increases travel times compared to shallow flow cells. To get to large depths in a
sedimentary basin, groundwater has flowed through many rock layers of contrasting
permeability (technically, the proper term is hydraulic conductivity). The difference in the
permeability of shales and the permeability of sandstone aquifers can be as much as 10,000
to 1,000,000 times. Permeability contrasts of this magnitude cause groundwater and fracking
fluids to flow in a step-wise manner across these layers due to the refraction of flow lines
and equipotential lines (Senger and Fogg, 1987; Bair, 1987).

Illustration 1 (below) also shows that flow directions in the deeper parts of a sedimentary
basin are not always upward, as used in the series of hypothetical failure scenarios of
hydraulic fracturing operations (see pages 62-75, U.S. EPA Progress Report, 2012). It is
unrealistic to assume & priori that regional fluid flow is vertically upward at all locations in
a sedimentary basin or at all the locations of the simulated failure scenarios. Illustration 1, as
well as research by Senger and Fogg (1987), Bair (1987), and Gupta and Bair (1997),
demonstrate that groundwater flow at depths similar to those where hydraulic fracturing is
being performed are not universally upward. Simulated failure scenarios that solely have an
upward flow direction are unrealistic and misleading. My suggestion is to add downward
and lateral flow directions to the sequences of simulated failure scenarios.

Scale of Variable-Density Fluids. Groundwater at depths of thousands of feet is commonly
denser than shallow groundwater. In Ohio and Pennsylvania, oil/gas field brines approach a
specific gravity of 1.2, with total dissolved solids contents of 300,000 mg/L or more (Breen
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et al., 1985; Bair and Digel, 1990). Spatial differences in fluid density and in fluid viscosity
need to be characterized because these properties are independent of the permeability of the
rock strata and can significantly affect the rate and direction of groundwater flow (Davies,
1989; Gupta and Bair, 1997). At the former Aristech hazardous waste injection well in
Haverhill, Ohio, the specific gravity of groundwater at a depth of 250 meters (= 800 ft) was
1.03 gm/ml, whereas it was 1.22 gm/ml at a depth of 1750 meters (= 5800 feet) (Gupta,
1993), which is at the shallow range of depths of hydraulic fracturing operations in the
Appalachian Basin. The variable-density nature of deep groundwater systems needs to be
characterized in order to construct realistic groundwater flow and transport models used to
simulate the possible impacts of potential failure mechanisms in the series of hypothetical
hydraulic fracturing scenarios.

Scale of Systematic Fracture Variations. Systematic fractures, also called joints, caused by
historic stress fields created by movement of Earth’s tectonic plates and by Earth’s erosional
history occur at several scales producing fracture networks with different spacings and
densities (i.e., the number of fractures per unit length). In general, fractures created by
stress fields are found at greater depths than fractures created by erosional unloading. The
density of natural fractures is influenced by the thickness and strength of the rock strata.
Thinly bedded, brittle rocks like shale generally have greater fracture density than thickly
bedded, ductile rocks like sandstone. Natural fractures are not like two parallel sheets of
glass separated by a constant distance. Illustrations 2, 3, 4, and 5 (below) show fractures
photographed in residential wells using a video camera. Fractures are discontinuous features
that commonly terminate abruptly at changes in rock type and bed thickness and whose
walls frequently are in contact (touch) producing circuitous channels for fluid and gas flow
as well as dead-end channels that can trap fluids and gas (Rasmusson and Neretnieks, 1996).

Hydraulically-induced fractures at shale gas wells are superposed on existing, natural
fracture patterns. Shale gas wells commonly are oriented to take advantage of the degree of
interconnection of the two sets of fractures. In western Pennsylvania and eastern Ohio, the
regional pattern of tectonically created fractures is from southeast to northwest (Evans et al.,
1989; Dean et al., 1991). Horizontal wells in the Utica Shale in this region typically are
drilled with a similar southeast-northwest orientation. This facilitates intersection of the
natural, tectonic fractures with the network of hydraulically-induced fractures (see
Illustration 6, below). The intersecting fracture sets enable more gas and oil to flow back to
the horizontal well once extraction begins. The natural fractures also serve as a pressure
leak-off network following the fracturing of the target shale, which helps inhibit the induced
fractures from extending upward.

Scale of Temporal Events. In terms of temporal scales, the localized changes in the
subsurface pressure field that occur during hydraulic fracturing are at a different temporal
scale than the rate of groundwater flow and contaminant movement through porous or
porous and fractured media. Hydraulic fracturing of a horizontal shale gas well occurs as a
series of pressure pulses lasting several hours in isolated compartments within the well.
Completion of pressure pulses along the entire set of compartments may take several weeks
depending on the length of the well. Hydraulic fracturing several wells emanating from a
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single pad may take months. It is important to point out that once the pressure pulse
fractures the rock, the pressure in the compartment and in the surrounding rock decreases
rapidly and returns to background pressure. As a result, during the time when hydraulic
fracturing is not performed, the pressure in the well and in the surrounding rock is well
below the pressure that fractured the target shale.

In contrast, after fluid pressures from hydraulic fracturing dissipate and return to background
pressures, it can take years, decades, centuries, even millennia for a molecule of
groundwater or a contaminant dissolved in groundwater to travel several thousand feet
laterally or vertically (upward or downward) within the natural (i.e., background), regional
flow system. All these time scales (hours to millennia) need to be accounted for in the
simulation of possible impacts from potential hydraulic fracturing failures. Because the
groundwater flow system around the hydraulically fractured well returns comparatively
quickly (days to months) to its pre-hydraulically fractured condition, the movement of any
contaminants released during the hydraulic fracturing operations occurs largely under
unpressurized, background conditions.

Charge Question *7 — Given that hydraulic fracturing occurs at different depths in different
types of rock formations, please comment on how to best use results from these simulations to
answer the research questions listed in Table 26 (page 62) of EPA’s Progress Report (shown
below).

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

2. Can subsurface migration of fluids or gases to drinking water resources occur and
what local geologic or man-made features may allow this?

As an example of the effectiveness of well construction practices used in deep wells, Ohio
has been injecting hazardous liquid wastes into a deep sandstone formation since the early
1960’s. Based on 1993 data, more than 500,000,000 gallons of hazardous waste per year
was being injected using 15 Class | wells at 7 facilities (Wickstrom, 1993). The permeability
of the target horizons in all these vertical wells was enhanced by hydraulic fracturing. There
is a great deal of information from these Class | wells, which were permitted under U.S.
EPA and Ohio EPA guidelines in the late 1980’s, that could be added to the databases used
to develop the final version of the U.S. EPA report. This information is filed in voluminous
reports at the Underground Injection Control Program at U.S. EPA. To my knowledge, only
one well has had a problem, the Aristech *1 well, in Haverhill, Ohio, which had a casing
leak that was detected by a monitoring system. To my knowledge, all the other Class | wells
in Ohio continue to operate properly. This indicates that highly-engineered drilling and
construction practices are capable of making wells that are safe and do not facilitate injected
fluids reaching shallow aquifers along potential pathways related to well construction and
operation.
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Several years ago | served on a U.S. EPA panel that addressed the safety of Class |
underground injection wells. Our report is available from the Underground Injection Control
group at U.S. EPA. It, too, could be mined for additional information to use in the databases
developed for the final U.S. EPA report and to evaluate the effectiveness of well
construction and operation practices.

The recently completed carbon sequestration wells in eastern Ohio and northern West
Virginia could also add information to EPA’s databases. These wells used drill-stem tests to
measure formation pressures and take fluid samples for analysis of pressure gradients, fluid
densities, and water chemistry. The wells also had a variety of geophysical logs run in them,
side-wall cores, and spinner tests.

Another case study that may be useful to put in the final report is the gas-invasion incident at
Bainbridge, Ohio, where an inadequate cement job and human error led to an overpressured
annular space that caused natural gas to migrate upward around the outer casing of a gas
well, enter an overlying water-supply aquifer, invade several local residential wells and
basements of several homes, and cause a damaging in-house explosion. The details of this
incident are in Bair et al. (2010), which is available on-line through the Ohio Department of
Natural Resources, Division of Oil and Gas.

With respect to Question *2 (above), I’m glad to see the complexity of the models used to
evaluate the impacts of potential hydraulic fracturing failures. This complexity is in stark
contrast to the simplistic approach seen in recent literature (e.g. Myers, 2011). | am,
however, apprehensive about the inclusion of generic model results in the final report
because generic results are easily misinterpreted to apply to specific sites, turning
hypothetical scenarios into actualities. It is essential to inform the public about what may
occur if a hydraulic fracturing operation fails. It is equally important to inform the public
what types of failures and how many of each type have occurred during the 25,000,000 frack
jobs (oral comment, Walt Hufford, SAB member, May 7-8 meeting). With this historic
information the public can determine whether failures of a specific type are common or rare,
whether more failures occurred when the industry was in its infancy, whether more failures
occur in a specific type of geologic setting or in a specific geographic region, etc. Without
this historic information, solely describing what may happen during hydraulic fracturing
based on a series of uncalibrated model simulations is not adequate.

Einstein once said of physics that “Everything should be made as simple as possible, but no
simpler.” I am genuinely concerned that the schematic diagrams on figures 14 through 19
(pages 64 to 69) in the 2012 EPA Progress Report are too simple and will misrepresent the
complexity of the depicted failure mechanisms. I have a number of suggestions, listed
below, that will help show the complexity of the geologic materials, the character of natural
and man-made fractures, and the manner in which groundwater may or may not transport
contaminants toward the surface. To me, the non-major Geology 100 students | teach each
year are a lot like the general public that will read the final report. Both groups are
intelligent and curious but have only a modest knowledge of science and a mild fear of
quantitative analysis. The majority of my students interpret schematic diagrams literally
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because they have little knowledge or experience to draw on. Figures 14 through 19 are
going to be important discussion points and frequently cited by the public and the news
media. It is worth adding the details described below to “unoversimplify” the complexity
that does exist and to minimize misconceptions and misinterpretations of subsurface
conditions and processes.

Suggestion *1 — Prior to presentation of these figures, add a sentence and pictures of
actual fractures at outcrops and in boreholes. The reader should not have to speculate
about the character of these features. Fractures certainly are not conduits, as mentioned
in the 2012 U.S. EPA Progress Report. The term conduit conjures images of large,
continuous openings through which storm runoff, sewerage, and heat and air-
conditioning move. Readers need to have a realistic visual image of fractures before
making interpretations and reaching conclusions. (I have walked and crawled through
conduits in several limestone caves, which are created by entirely different processes
and have different geometries, patterns, and porosities than natural or induced
fractures.)

Suggestion *2 — None of the six figures depicts the heterogeneous, layered character of
the sedimentary rocks overlying or underlying the target shale horizon. This is horribly
misleading. It is the lateral and vertical changes in physical and chemical (mineralogic)
properties of these rocks that influence the rates and directions of fluid and gas
movement.

The word “overburden,” which is used in all these diagrams, is a general term referring
to the valueless rocks overlying a deposit or layer of economic value such as coal,
copper, or iron. “Overburden” is too simple and too misleading a term. It does not
describe the character of the rocks, which needs to become part of the reader’s visual
image of the subsurface. | suggest depicting several different types and layers of rocks
showing different thicknesses, different lithologies, and different spacings of natural
fractures (see Illustration 7, below). This could be done within an enlarged circle added
on the figures.

Suggestion *3 — All six figures show that groundwater at depths of 500 to 1500 meters
flows upward, moving vertically along fractures, faults, and abandoned wells. This, too,
is too simplistic. Groundwater flow, even at these depths, can be downward and/or
lateral. Vertically upward flow is but one possible groundwater flow direction (see
Illustration 1, below). When only upward flow is used in the simulations of potential
failure mechanisms, it guarantees that in all the simulations fluids will move upward
along the paths indicated on the diagrams. Inappropriately, this experimental design
produces self-fulfilling results. To simulate the range of possible flow directions,
scenarios depicting lateral flow and downward flow directions also need to be
performed. Without seeing the results of these equally possible scenarios, the reader can
be misled into believing all deep subsurface flow is upward and each of the six
simulated failure scenarios will unfailingly occur. My suggestion is to broaden the
range of possible outcomes from the simulations by including a variety of background
flow directions (set up by model boundary conditions), fracture densities, apertures, and
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orientations. To me, this type of analysis using hypothetical scenarios and background
hydrogeologic conditions begs for Monte Carlo analysis so the “likelihood” of having a
failure and a pathway to the surface can be determined along with the “likelihood” of
having a failure and not having a pathway to the surface.

Suggestion *4 — In the text describing the failure scenarios and the simulation results, it
is important to explain that gas does not necessarily migrate vertically upward. Gas
movement is affected by the direction of groundwater flow. Quantitatively, the direction
and rate of gas movement is the sum of the gas’ buoyancy vector and the groundwater
flow vector. It is analogous to the change in the trajectory of a golf ball, an arrow, a
bullet, or a plane in a cross wind. In figures 14 through 19, gas migration can be into or
out of the plane of the diagram and may not intercept the failure mechanism that takes it
upward into a shallow aquifer, a water-supply well or an abandoned well. The reader
needs to be appraised of this simple concept, which can be easily visualized from
personal experience.

Suggestion *5 — The depictions of fractures in figures 14 through 19 are too simplistic
and misleading. Fractures do not connect like blood vessels or resemble a human
being’s aorta. Fractures are discontinuous features that commonly terminate at bedding
planes. The frequency of fractures (i.e., number of fractures per unit length) varies
according to the thickness of beds, lithology (e.g., sandstone or shale), and the strength
of the rock (see Illustration 8, below). In fractured rocks, groundwater and gas travel
along tortuous, step-like paths, not along smooth, linear paths as portrayed on figures 14
to 19. lllustration 9 (below) shows a more realistic depiction of gas movement in
fractured rocks. I suggest adding an enlarged circle on figures 14 through 19 depicting
how fractures and bedding planes appear in the subsurface and using arrows to portray
the step-like paths that fluid and gas take along fractures and across bedding planes.

There are datasets in the literature documenting fracture orientations, densities, and
apertures. Adding a table listing some of these data from localities near the case study
areas would be very informative. Knowing that most fracture apertures are tenths to
hundredths of an inch across will help dispel the myths and legends about the existence
of conduits and other large, open, direct pathways. (The obvious exception to this is the
existence of caves in soluble, carbonate rocks. Caves are exceedingly rare at depths of
thousands of feet.)

Faults are not continuously open, porous features either. The sides of faults touch along
the fault plane, which impedes and re-orients groundwater flow and gas movement.
Minerals precipitated in faults, commonly carbonates and silicates, have the same
impact. The fault portrayed on figure 17 needs to be modified so the reader has a more
realistic understanding of how faults affect the flow or fluids and gas. This could be
done within an enlarged circle on the figure.

Suggestion *6 — The reader should be informed that the TOUGH2 code used in the
modeling scenarios depicted on figures 14 through 19 is actually simulating a three-
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dimensional flow system, not the simplistic two-dimensional system shown in the
figures. | suggest that a new figure be added before figures 14 through 19. This figure
would depict regional groundwater flow directions using arrows in a three-dimensional
sedimentary basin containing layered rocks with varying thicknesses and a box
indicating the small volume of rock represented in the TOUGH2 model runs. The reader
needs this visual image before reading the descriptions of the various scenarios and the
simulation results.

Suggestion *7 - For transparency, | suggest including a table presenting the range of
parameter values used in the various simulated scenarios.

Suggestion “8 — Groundwater flow to a well with a screen, as depicted on figure 14 in
the upper enlarged circle, is three-dimensional (i.e., it is radial and vertical). Wells are
giant mixing chambers. Contaminants moving along a specific pathway are diluted by
clean water entering the well screen at other depths and other directions (see Illustration
10, below). Thus, a fracture carrying 50 mg/L of a contaminant can have a lower
concentration at the wellhead or in a faucet. I suggest adding text to the description of
figure 14 so the reader gets a better visual image of flow into a well.

Suggestion *9 — Somewhere within this section of the report it needs to be explained to
the reader that shallow groundwater measurement and testing techniques are not used in
the deep subsurface due to prohibitive costs, greater fluid pressures, different types of
fluids. Drill-stem tests are needed to determine pressure gradients at depth (Bair et al.,
1985). This is a standard petroleum engineering test used in conventional oil/gas plays
but is uncommonly used in shale gas plays. As a result, little is known about the
pressure regimes in and around most of these deposits. Gupta and Bair (1997) present
flow directions and gradients obtained from drill-stem test data from the Appalachian,
Michigan, and Illinois basins. This information may be useful for establishing pressure
gradients in the simulated failure scenarios.

Responses to Other Charge Questions

Charge Question "3 —

What spatial and temporal scales should be considered for this analysis to best characterize the
impacts, if any, on the availability of water used as a source of drinking water?

EPA Presentation, slide 3 — At the bottom of this page (slide) reference is made to wells going
dry and reservoirs (aquifers?) going dry. These are alarming statements that need to be corrected
and put in perspective. “Dry wells” is a frightening term, as is “dry aquifers.” Some wells can
never go dry and all aquifers cannot. The reasons for this relate to the differences in storage in
confined and unconfined aquifers and in the inability of wells, no matter how big, to uniformly
lower water levels in an aquifer to its bottom because of the shape of cones of depression. A
good example is the Ogallala Aquifer in the Great Plains. Since World War Il groundwater levels
in the Ogallala Aquifer in Texas, Oklahoma, Kansas, Nebraska, and South Dakota have dropped
substantially due to thousands and thousands of wells pumping for irrigation. As a result, the
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saturated thickness of this unconfined, locally confined, aquifer and the volume of water in
storage have significantly declined but there are still tens to hundreds of feet of saturated aquifer
throughout these states (McGuire, 2013). This condition took several decades of pumping to
occur. The stress applied to a confined aquifer or an unconfined aquifer due to acquisition of
water for hydraulic fracturing is, in comparison to decades of irrigation pumping, a very short
term and temporary stress. Other widespread examples of sustained long-term pumping stress are
the thousands and thousands of municipal wells and wellfields across the country that produce
millions of gallons per day, month after month, year after year without major incidents (e.g.,
DePaul, 2008). The exception is in states with low annual rainfall that are periodically affected
by prolonged droughts.

A well seemingly can “go dry” for several reasons. It can go dry because it is not drilled deep
enough into an aquifer, which at depth can still contain an abundance of groundwater in storage.
It seemingly can go dry because the pump in the well is set too far above the well screen leaving
groundwater below the pump that cannot be extracted. Wells seemingly can go dry because the
well screen becomes caked with bacteria, rust, or other precipitates. None of these conditions
indicate anything about the condition of the aquifer in which the well is completed. Anecdotal
reports of dry wells often result from inadequate knowledge of how a well and pump work, the
construction details of the well, and the local geology.

My suggestion is to qualify these statements regarding dry wells and dry aquifers, or delete them
completely. Without qualification, these statements can be misleading, perpetuate myths and
legends, and unnecessarily alarm the public. | would simply state that groundwater levels may
temporarily decline as a result of short-term pumping stress from wells used to acquire fracking
fluids but will recover to normal levels once the temporary pumping stresses end. The reader
also needs to be aware that when wells are not pumping (e.g., at night), water levels in the
aquifer rise.

EPA Presentation, slide 4 — The numbers used in this slide are big, seemingly huge. The
volume of groundwater used in fracking operations needs to be put in perspective so the reader
has a point of reference for comparison. | suggest using the production from a typical golf course
irrigation well. Irrigation at most golf courses east of the Mississippi River lasts 4 to 6 months
per year. A typical irrigation well may produce 100 to 500 gallons per minute and may operate 4
to 6 hours per day. Assuming large values for each parameter, 6 months of production at 500
gallons per minute for 6 hours per day, a total of 32,400,000 (3.24 x 10°) gallons of water is
produced by the well during the irrigation season. The duration of pumping an equivalent well
for acquiring hydraulic fracturing water is tens of hours to days. In comparison to an irrigation
well at a golf course, the volume of water needed for fracking operations is minor, if not
negligible. Presenting a comparison like this one that the reader can visualize provides a
reference point for understanding the significance or insignificance of seemingly large numbers.
Without such a reference point, large numbers can be misleading.

EPA Presentation, slides 5 and 11 — I’m concerned that a significant component of the

hydrologic budget is not being incorporated into the water availability modeling, which does not
include seasonal or annual changes in groundwater levels and groundwater storage. It is difficult
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to see how a model lacking groundwater storage can be used in a realistic manner to estimate
water availability. To make more realistic estimates of water availability | suggest performing
the simulations using a linked watershed / groundwater flow model. Without using such a model
the calibration of solely a watershed model to stream stage measurements made will be
erroneous because the stream stage measurements include groundwater discharge (baseflow) to
streams.

Charge Question *10 — Please suggest ways for the EPA to use these or other data to more
comprehensively assess how spills or leaks may impact drinking water resources.

EPA Presentation, slides 10, 11, 12, and 13 — There is a lot of specific information about spills,
releases, and overflow incidences available from the Ohio Department of Natural Resources,
Division of Oil and Gas. These data were collected by Ohio DNR as part of a two state analysis
(Ohio and Texas) by the national Ground Water Protection Council (2011) to assess the role of
state agencies in advancing regulatory reforms. Adding these data to the Spills Database (slide
11), which already includes some data from Texas, would provide a more comprehensive dataset
and would add information from a state that is or will be actively using hydraulic fracturing at
hundreds of new and proposed wells.

Charge Question *11 - Please provide recommendations for other specific chemicals that are of
interest from a wastewater treatment and/or drinking water treatment perspective.

EPA Presentation, slide 3 — There are also chemical data available regarding the composition of
deep brines in Ohio that could be used to augment data presented in the 2012 EPA Progress
Report. Breen et al. (1985) analyzed brines from three deep sandstones in Ohio that are tapped
for their oil and gas resources. Bair and Digel (1990) analyzed two deep brines for major and
minor anions and cations as well as for benzene, xylene, and toluene (BTX). Interestingly, BTX
occurred naturally in both brines at concentrations ranging from tens to thousands parts per
billion, indicating that flowback water from hydraulic fracturing operations in Ohio can be
expected to contain naturally occurring BTX.

General Comments

(1). The task of writing a final report on the potential impacts of hydraulic fracturing on drinking
water supplies is a challenging one in terms of technical content and its presentation. It is similar
to the difficulty of writing an introductory-level textbook for an earth science course. The
challenge lies in providing sufficient detail for students to understand concepts, physical and
chemical processes, properties of earth materials, and how the integration of this information
leads to understanding how the Earth works. Most people approaching a new topic prefer to learn
through visual means. This is why introductory science textbooks contain so many pictures,
diagrams, graphs, and tables. If done properly, an introductory textbook provides students with
the knowledge, understanding, and analytical prowess to find errors and omissions in news
articles. An introductory textbook also must satisfy the deeper level of understanding and detail
expected by acutely knowledgeable faculty.
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In my mind, the level of scientific understanding of the general public that will read the EPA
final report is similar to that of introductory-level college students. The authors of the final EPA
report will face a challenge similar to that of a textbook writer. My suggestions are to take the
extra time and the extra space (pages) to present unfamiliar and difficult concepts in visual ways.
Make use of pictures, graphs, and charts just like textbook writers do. The extra effort will lead
to greater understanding of hydraulic fracturing and its potential impacts on our drinking water
resources.

(2). One subject area where this visual approach should be emphasized is in the presentation of
subsurface geology. There are no geologic cross sections in the 2012 Progress Report that show
the configuration of sedimentary rock layers through which water and gas must migrate in order
to reach drinking water supplies. It is differences in the physical and chemical (mineralogic)
properties of the rock layers, combined with the groundwater flow regime, which ultimately
enable or prevent water-supply aquifers from being impacted. The thickness, bedding (thin,
thick, or massive), porosity, permeability, strength (rigidity, ductility), and density of natural
fractures in these strata influence how quickly fluids and gases move.

For example, none of the five case studies in Section 7 of the 2012 Progress Report contains a
geologic cross section. Some contain a brief description of the underlying rocks but none shows
the target shale horizon within the context of the overlying and underlying rock units. This is a
major omission. Readers have no visual context to understand how or why fluids and gases may
or may not reach shallow water-supply aquifers. There is an abundance of beautifully illustrated
geologic information for each of these five areas in the U.S. Geological Survey’s RASA reports.
There are no copyright issues involved in using these illustrations because they were produced
by a federal agency.

Each of the case studies points the reader to a chart in Appendix D of the geologic time scale.
Although looking at the various eras, periods, and divisions of geologic time may be interesting
(to some people), it is not nearly as relevant to readers as pointing them to examine a scaled
stratigraphic section from each case study area that also contains a brief description of the major
sedimentary rock layers, the type of bedding, cementation, and compaction, which all influence
the frequency of natural fractures and the formation and propagation of hydraulic fractures.
Illustration 7 (below) is an example cross section showing how important details in the
subsurface geology can be conveyed to the reader.

None of the case studies mentions whether or not any of the five areas have been subjected to
tectonic stresses in the geologic past. The colliding and stretching of tectonic plates creates
natural fractures in the rocks present at the time. For example, some of the rocks in northeastern
Pennsylvania and western Pennsylvania/eastern Ohio were subjected to three major collisions of
tectonic plates. Each of these tectonic events produced natural fractures in the rocks. Knowing
whether or not an area was subjected to tectonic stresses helps conveys the concept that the rocks
will contain natural fractures in addition to hydraulic fractures. The literature contains studies by
structural geologists (academic and professional) describing the orientation and frequency of
occurrence of tectonic fractures. The detailed work by Terry Engelder at Penn State and his
colleagues is a good example (Evans et al., 1986, 1989). This type of information needs to be
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conveyed to the general public so they can draw informed conclusions based on scientifically
rigorous analyses by professionals.
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lllustration 1. Schematic representation of regional and local groundwater flow cells based on
simulation of hydraulic heads and flowlines using a simple finite-difference model. The flowlines
that begin at the surface, descend into near surface strata, and flow back to discharge to streams
in the same watershed are local groundwater flow cells (see the magenta, red, green, yellow, and
medium blue flowlines). The light blue flow line identifies a deep groundwater flow cell that
bypasses adjacent streams to discharge to a larger stream several watersheds downgradient. It is
at these depths that hydraulically-fractured shales typically occur (6,000 to 15,000 feet). The
boxes shown on the diagram are used to focus attention on the directions of groundwater flow at
different locations and different depths. As shown, groundwater flow is not always vertical, as
depicted on the schematic diagrams portraying the hydraulic fracturing failure scenarios that are
to be simulated (see pages 62-73, U.S. EPA Progress Report, 2012).
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Illustration 3. Solitary gas bubble emanating from a high angle fracture in a well,
Cuyahoga Shale, Bainbridge, Ohio.
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Illustration 4. High angle fracture cutting across well borehole,
Cuyahoga Shale, Bainbridge, Ohio.

[llustration 5. High angle fracture with pop-out piece produced during
well drilling, Cuyahoga Shale, Bainbridge, Ohio.
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llustration 6. Schematic diagram showing the orientation of horizontal wells
parallel to regional fractures in eastern Ohio and western Pennsylvania,

which enables hydraulically-induced fractures (in red) to
intercept the network of natural fractures.
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Illustration 8. Example showing the greater fracture frequency in the thinly bedded
Bedford Shale that in the more thickly bedded, overlying Berea Sandstone.
The photo also shows that many vertical fractures terminate at
lithologic boundaries in overlying beds. As a result, fluids and
gases travel in a tortuous, step-like manner, not along a
smooth, straight path. (Circled cell phone for scale)
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lllustration 9. Schematic diagram showing how gas moves upward in a
tortuous, step-like manner along fractures and across bedding planes.

(from Bair et al., 2010; modified from Rasmusson and Neretnieks, 1996)
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[llustration 10. Schematic diagram showing that a pumping well is a large
mixing chamber gathering groundwater from various locations.

(constructed by E. Scott Bair)
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COMMENTS FROM DR. PETER BLOOMFIELD

Charge Question 1: Spatial and Temporal Scales for Water Quality Analysis: What spatial
and temporal scales should be considered for this analysis to best characterize the impacts, if
any, on the quality of water used as a source of drinking water?

Spatial and temporal scales are determined by their resolution and their extent. Higher resolution
is always preferred to lower, and greater extent is always preferred to lesser. But high resolution
and extensive data are resource-intensive, and resources are always limited.

Natural variation in water characteristics, and short term responses to events like spills, may
require daily monitoring to determine typical levels, especially in surface water and near-surface
ground water. The time scale of natural variability may be much longer in deeper bodies of
water, and their response times may be measured in years or decades rather than days or weeks,
and monitoring frequency can similarly be much lower. There is no single answer for the
required resolution: it needs to be chosen according to the context.

Short term effects are often local in nature. Understanding the consequences of a spill on the
quality of drinking water in a private domestic well requires monitoring on a spatial scale of the
separation between the affected locations, or less. The long term consequences of withdrawals
from beneath a drainage basin may extend across the whole basin or beyond, requiring lower
resolution monitoring but on a much greater spatial extent. Again, there is no single answer, and
the relevant context has to be taken into account.

One important consideration in monitoring is that interest often focuses on comparison of one
context with another. To detect the impact of some HF-related activity, comparison of activity-
impacted characteristics with baseline characteristics may be the best approach. The baseline
data might be pre-activity monitoring at the same site, or contemporaneous monitoring at a
similar but non-impacted site. While such monitoring does not necessarily change either the
resolution or extent of the monitoring, collecting such comparison data is critical to making
useful comparisons.

Another consideration in the choice of spatial and temporal scales of any study of the impact of
HF is the issue of the focus of the study. If a study area, such as a drainage basin, is relatively
homogeneous, then high resolution may not be necessary. However, if for instance water quality
is already marginal at some sources but not at others, then a focus on the marginal sources would
be appropriate, and more intensive monitoring would be indicated at those marginal sources.

Charge Question 10: Assessing How Spills or Leaks May Impact Drinking Water
Resources: Please suggest ways for the EPA to use these or other data to more comprehensively
assess how spills or leaks may impact drinking water resources.

The preamble indicates that “In most cases, spill information found in the databases does not
indicate whether or not reported spills impacted drinking water resources.” Only those spills for
which some indication of drinking water impact is available can be used in a direct statistical
analysis of impact.
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Ideally, pre-spill and post-spill monitoring data would be included in the spill report, which,
together with spill size and composition and geological information such as soil type and
subsurface structure, could be used to develop a detailed model of the extent, if any, of the
impact.

Less detailed information could be used for less detailed monitoring. Even as little as a checkbox
for impact, with information about the size of the spill and the distance to the nearest drinking
water facility, could be used to build a simple model for the probability of any impact.

Any such model could then be used to make predictions about the impact of spills in the
remainder of the database, where no actual impact information is given. Whether the prediction
is for the extent of the impact or just the probability of any impact depends on the type of model
that could be built in the first part of the analysis.

One issue that always arises in the analysis of data like spills is question of a threshold, below
which a spill is regarded as de minimis and reporting is not required. Thresholds may vary by
jurisdiction or according to institutional practice, making combination or comparison of data
from different sources problematic. For instance, the size distribution of spills will change if the
threshold is changed. The problem can be avoided by describing the statistics of spills in terms of
the rate of spills of at least a given size, say in terms of spills per well-day. All size classes can

be used, from the largest spills reported down to the highest threshold of any of the data sources.
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COMMENTS FROM DR. STEVEN R. BOHLEN

Charge Questions 2, 3 and 4.
Please identify the most important water quality characteristics that should be considered.

What spatial and temporal scales should be considered for this analysis to best characterize the
impacts, if any, on the availability of water used as a source of drinking water?

Given the data sets available, what information on fluid composition, factors affecting
composition, and/or trends in composition of hydraulic fracturing fluids may be most useful for
identifying potential impacts to drinking water resources across the United States?

1. The well file review does not include wells from the Case Study Areas. Though a
statistical approach to selection of well files to be reviewed is necessary given the large
number of wells, the value of the case studies would be enhanced by inclusion of well file
reviews from wells within those areas. The solution is to separate the well files into two
categories — those within and those outside the case studies areas. Using these two
populations (assuming the number of wells within the study areas is large), the same
statistical approach can be taken to identify wells for review. If the number of wells
within the study areas is small, all should be included. Comprehensive analysis of the
case study areas is an essential part of the research plan and needs to include a significant
number of wells from the case study areas. Analysis of the well files is a critical element
in the derivation of a comprehensive picture of the study areas.

Charge Question 5 — Historical Changes and Current Trends in Fluid Compositions: What
key historical changes or current trends, if any, in hydraulic fracturing fluid composition should
be considered as the EPA assesses the chemicals listed in Appendix A of EPA’s Progress
Report?

1. Asaresult of several drivers — concern for health and safety (and the concomitant
liability potential), social license to operate, cost, effectiveness, etc., industry has greatly
reduced the amounts and toxicity of chemicals added to water to form fluids for hydraulic
fracturing. Current methods employ chemicals — especially those to increase viscosity —
that are the same as those used in the food industry. Context is important here and some
sort of summary, perhaps using a suite of fluid compositions from as far back as possible
should be contrasted, perhaps in table form, with a suite of fluids in use currently.
Perhaps, though I have not looked, the FracFocus database could be used for this. This
kind of context is important.

Charge Question 6: Indicator Chemicals; What criteria should be considered when
identifying indicator chemicals, and why?

1. If useful and robust indicator chemicals can be identified, one question that needs to be
addressed is how these can be distinguished from legacy drilling or other underground
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activities that may have modified the chemistry of the subsurface through human
activities prior to hydraulic fracturing.

2. Indicator chemicals must be able to be distinguished from natural processes occurring in
the subsurface, especially processes involving methane and interaction with organic
material or microbial processes.

Charge Question 7 — Subsurface Fluid Migration Scenarios: Given that hydraulic fracturing
occurs at different depths and in different types of rock formations, please comment on how to
best use results from these simulations to answer the research questions listed in Table 26 (page
62) of EPA’s Progress Report.

1. This issue was discussed by the committee, and there seemed to be general agreement
that the scenarios presented in Figures 14 — 19 of the Progress Report needed to be
improved to be more realistic and to include geology and other features and more
accurately reflected the realities of the subsurface and how these realities could affect the
migration of fluids.

2. One important issue not mentioned during the discussion was the need for attention to be
given to the affect of geology on fracture propagation or fluid migration. For example, in
Figure 16, a fluid fracture is shown propagating through an oil or gas reservoir. The very
fact that the strata in question serves as a hydrocarbon reservoir means that a fracture will
not propagate through that strata unless the amount of fluid entering the reservoir over
pressures the reservoir and causes the cap rock (which created the reservoir in the first
place) to fracture. For such a situation to be created by hydraulic fracturing 1500 feet
below the reservoir defies all that is known about both hydraulic fracturing and how oil
and gas reservoirs form and survive over geologic timescales.

Charge Question 8 — Effectiveness of Well Construction and Operation Practices. Please
comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water resources.

1. Effectiveness of well construction, completion, and maintenance are essential elements in
protection of ground water from contamination. Discussion among committee members
migrated mostly to discussion of techniques beyond those listed in the question, currently
used in the industry, that add to the knowledge of how completely the well construction
and completion has isolated the well from the surrounding geology both in the short and
longer term.

2. The committee suggested that a number of different approaches be considered including:
petrophysical logs, imaging logs, noise and audio logs in combination with cement logs
and temperature profiles, sonic and ultrasonic logs to enhance evaluation of cement
bonding, microseismic surveys, and uncertainty quantification.

3. Within the set of records listed, the key issue is how useful these data are in predicting
wells that leak or fail at some future time, or are other data needed or more diagnostic of
future failure. Any multivariate or other statistical analysis depends on the extent to
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which lack of well integrity is recorded in the well files and can be correlated with any of
the data supplied by the operators.

Charge Question 9 — Composition of Flowback and Produced Waters: Please identify
specific data or literature on the composition of flowback and produced water in other areas of
the country.

1. There is no comprehensive database that collects the chemistry of flow-back water from
hydraulically stimulated formations for development of unconventional oil and gas.

2. Data have been complied by EPA, a few State Departments of Environmental Protection
(or equivalents) and can be found in a variety of publications from the USGS, SPE, SEG
and other sources.

3. The data from publications have a specific focus and do not address in most cases a broad
suite of chemical components that relate in some consistent way to the potential impacts
of unconventional oil and gas development.

4. Research programs to assess formation water compositions prior to and after hydraulic
stimulation are rare.

5. The USGS has a database, found at: http://energy.cr.usgs.gov/prov/prodwat/data2.htm,
dated 2002 that has been updated and data are being added by the USGS Energy
Program. The additional data are provisional, but potentially useful.

6. The data that are currently assembled in Appendix A in the progress report are
comprehensive and list a large number of chemicals. Though comprehensive, the list is
presented without context — levels of various chemical components, how the reported
levels compare with standards, comparisons with other common industrial/agricultural
waste waters, level of concern with respect to carcinogens, comparison with composition
of fluids used (put into the well) for hydraulic fracturing (the before and after comparison
— might be difficult to get this) — all of these relating to water quality and health issues
that are central to understanding the impact or potential impact to ground water
contamination issues. Without context and assessment, this list is an amalgamation of
older practices (hence masking the rapid evolution of the chemistries used for fracturing
in the first place), and what was leached from the formation prior to return. The potential
value of the data are greatly reduced in the absence of this kind of analysis and contextual
information.

Examples of papers reporting flowback and produced water compositions:

Chapman, E. C., Capo, R. C., Stewart, B. W., Kirby, C. S., Hammack, R. W., Schroeder, K. T.,
and Edenborn, H. M., 2012, Geochemical and strontium isotope characterization of produced
waters from Marcellus shale natural gas extraction: Environmental Science and Technology, v.
46, p. 3545-3553.

Hayes, T., 2009, Sampling and analysis of water streams associated with the development of
Marcellus shale gas, in ALL Consulting, 2010, NY DEC SGEIS Information Requests and
Industry Responses, Final Report for the Marcellus Shale Coalition: Gas Technology Institute,
Des Plaines, IL, 356 p. Portable Document Format (PDF)
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[http://catskillcitizens.org/learnmore/2010091610GAResponsetoDECChesapeake I0GARespon
setoDEC.pdf accessed March 11, 2013]

Haluszczak, L. O., Rose, A. W., and Kump, L. R., 2013, Geochemical evaluation of flowback
brine from Marcellus gas wells in Pennsylvania USA: Applied Geochemistry, vol. 28, p 55-61.

Radium content of oil- and gas-field produced waters in the northern Appalachian Basin
(USA)—Summary and discussion of data 2011, Rowan, E. L.; Engle, M. A.; Kirby, C. S,;
Kraemer, T. F. USGS Scientific Investigations Report: 2011-5135

Blauch, M.E., Myers, R.R., Moore, T.R., Lipinski, B.A., Houston, N.A., 2009. Marcellus Shale
post-frac flowback waters — Where is all the salt coming from and what are the implications?
Charleston, West Virginia, pp. 20.

Chapman, E.C., Capo, R.C., Stewart, B.W., Kirby, C.S., Hammack, R.W., Schroeder, K.T.,
Edenborn, H.M., 2012. Geochemical and strontium isotope characterization of produced waters
from Marcellus Shale natural gas extraction. Environmental Science and Technology 46, 3545—
3553.

Hayes, T., 2009. Sampling and analysis of water stream associated with the development of
Marcellus Shale gas. Gas Technology Institute, Des Plaines, IL, pp. 49.

Osborn, S.G., Mcintosh, J.C., 2010. Chemical and isotopic tracers of the contribution of
microbial gas in Devonian organic-rich shales and reservoir sandstones, northern Appalachian
Basin. Applied Geochemistry 25, 456-471.

Rowan, E.L., Engle, M.A,, Kirby, C.S., Kraemer, T.F., 2011. Radium content of oil- and gas-
field produced waters in the northern Appalachian Basin (USA): Summary and discussion of
data. U. S. Geological Survey Scientific Investigations Report 2011-5135, pp. 38.

Warner, N.R., Jackson, R.B., Darrah, T.H., Osborn, S.G., Down, A., Zhao, K., White, C.M.,
Vengosh, A., 2012. Geochemical evidence for possible natural migration of Marcellus Formation
brine to shallow aquifers in Pennsylvania. Proceedings from the National Academy of Science
109, 11961-11966.

http://powellcenter.usgs.gov/current projects.php#HydraulicFracturing
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COMMENTS FROM DR. ELIZABETH W. BOYER

Charge Question 1: Spatial and Temporal Scales for Water Quality Analysis: What spatial
and temporal scales should be considered for this analysis to best characterize the impacts, if
any, on the quality of water used as a source of drinking water?

As described in Section 3.1 of the report, the EPA is gathering information on the
volumes and sources of water used for hydraulic fracturing (including recycling efforts) and will
use this information to review published literature to assess whether these types of water
withdrawals may impact local drinking water quality. The associated charge question is: “What
spatial and temporal scales should be considered for this [literature review] analysis to best
characterize the impacts, if any [of water withdrawals], on the quality of water used as a source
of drinking water?”

Considering the hydraulic fracturing life cycle, many scales matter, thus a multi-scale
approach is essential. Spatially and temporally, scales that affect drinking water availability (in
terms of both quantity & quality) are heterogeneous and are affected by both local and regional
factors. Drinking water might come surface- our ground- waters; deep or shallow aquifers;
municipal or private supplies, and so forth. The ongoing literature review is important as it
allows EPA to transcend scale — as considerations are needed about effects on individual water
supplies, scaling from monitored or case study locations to unmonitored areas, understanding
potential cumulative effects with increased #s and locations of withdrawals, and within nested
watersheds. The literature review is where the collective individual studies of problems
potentially associated with hydraulic fracturing can be synthesized.

In general, the quality of ground waters and surface waters that may be used as private or
municipal drinking water supplies are affected by a range of factors including land use patterns,
watershed characteristics, hydrology, geohydrology, and water resource management practices.
Many of these factors need to be characterized locally in order to understand their effects locally.
With regard to water withdrawals, a key question is how the water use — occurring at single or
multiple points in space & time, might affect water storage in unconfined & confined aquifers or
in streamflow. For example, drawdowns have the potential to change flow paths of water being
delivered to drinking water supplies as well as the accompanying solute loads. Further, multiple
drawdowns could have a different effect than a single drawdown (either spatially or temporally).
In addition to flow paths of water, flow paths of gases in the subsurface, regardless of their
source (e.g, naturally occurring) might also be changed as a result of changing water tables and
gradients. The literature on potential effects of water withdrawals on drinking water availability
does not need to be drawn exclusively from the “fracking” literature. There is a broad hydrology
& water quality literature that is relevant— with regard to understanding of the effects of single &
multiple drawdowns (over space & time); over-drafting, and so forth.
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Charge Question 3: Water Availability: What spatial and temporal scales should be
considered for this analysis to best characterize the impacts, if any, on the availability of water
used as a source of drinking water?

Section 4.3 of EPA’s Progress Report describes research to evaluate the extent to which
water withdrawals may affect the short- and long-term availability of water in areas where
hydraulic fracturing is conducted. The EPA is modeling two different areas of the country with
three different future scenarios to examine how the availability of water resources, the
characteristics of oil- and gas-containing formations, the level of hydraulic fracturing well
deployment and hydraulic fracturing management activities may impact water availability. The
watershed modeling is being conducted in the Susquehanna River Basin in the eastern United
States and in the Upper Colorado River Basin in the western United States. The associated
charge question is: “What spatial and temporal scales should be considered for this [modeling]
analysis [of how water withdrawals may affect water availability] to best characterize the
impacts, if any, on the availability of water used as a source of drinking water?”

The regional watershed scales where EPA is focusing these case-study modeling efforts
is important and relevant to the questions at hand and to the counties and states involved, and
may provide some context for synthesizing information on water use versus water storages —
over space and time — in those basins. Given the heterogeneity of drinking water supplies (e.g.,
a rural private homeowner well versus a surface water reservoir serving a municipality),
describing heterogeneity and simulating smaller watershed scales (e.g,. HUC14, NHD) may be
appropriate. However, given their parameterization and uncertainties, it is possible that the
modeling approaches put forth (HSPF and SWAT) will be quite limited in what one can learn
about cumulative (spatial or temporal) large-water withdrawals, and will be inadequate tools to
understand the suite of potential effects of large volume withdrawals on water availability.

I encourage the EPA to consider using additional modeling approaches to explore the
questions at hand — at least pursuing results from complimentary studies that are emerging and
have been presented at national scientific conferences. For example, in the context of
questions associated with the national water census and the national water quality assessment
program, the US Geological Survey is conducting various types of quantitative water balance
modeling studies (e.g., complimentary approaches being conducted by USGS scientists Lauren
Hay, Greg McCabe, Richard Alexander). For example, the empirical SPARROW modeling
approach (using time series of water flows; and spatially referenced regression models with
Bayesian parameterization) provides an agile approach to investigate a wide range of factors
controlling water cycle variability over space and time from local to regional scales; work with
this approach on the Susquehanna River basin is in development. Such modeling tools could
be used to consider the questions of “does storage of water matter?”” or “do temporary
changes in water storages at various locations in the watershed affect seasonal or annual
water budgets downstream?”’

Charge Question 6: Indicator Chemicals: What criteria should be considered when identifying
indicator chemicals, and why?
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It was discussed that chemicals may not be useful as indicators if they have multiple potential
sources in the environment that are not necessarily unique to the fracking processes. Though
indictors with a unique chemical signal would be ideal, | feel that chemicals having many
possible sources, such as the primary cations and anions that tend to dominate conductivity of
surface waters, may still be quite useful as primary indicators. For example, though chloride
concentrations in surface and ground waters could indeed stem from many sources, given the
large concentrations of chloride that might accompany waters associated with various stages of
the hydraulic fracturing life cycle, chloride concentrations might still be a useful indicator of the
potential for pollution of drinking water supplies from hydraulic fracturing. Elevated
concentrations of chloride could be useful for generating hypotheses about the potential for
pollution of drinking water supplies, and additional water quality analyses (e.g., of unique trace
species) and/or chemical mass balance studies (e.g., cation/ion balances) could provide
additional clues as to the source(s) of origin. [For an analogy, consider work on nitrogen
pollution of surface waters — though nitrate may come from a plethora of sources, its presence in
high concentrations over background conditions is quite useful as an indicator for agricultural
runoff, and additional studies can help to partition nitrate coming from agriculture versus nitrate
that originated from other sources such as human waste or automobile emissions.]

Charge Question 9: Composition of Flowback and Produced Water: Please identify specific
data or literature on the composition of flowback and produced water in other areas of the
country.

A Comparative Study of the Mississippian Barnett Shale, Fort Worth Basin, and Devonian
Marcellus Shale, Appalachian Basin. DOE/NETL-2011/1478. Online URL.:
http://www.netl.doe.gov/technologies/oil-gas/publications/brochures/DOE-NETL-2011-
1478%20Marcellus-Barnett.PDF.

Barnett and Appalachian Shale Water Management and Reuse Technologies. Research
Partnership to Secure Energy for America; Report No. 8122-05.Final.1. March 2012; 143 pp.

Online URL.: http://www.netl.doe.gov/technologies/oil-gas/publications/EPact/08122-05-final-
report.pdf.
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COMMENTS FROM DR. SUSAN L. BRANTLEY

Charge Question 1: Spatial and Temporal Scales for Water Quality Analysis: What spatial
and temporal scales should be considered for this analysis to best characterize the impacts, if
any, on the quality of water used as a source of drinking water?

One concern that I have for water impact in regions of shale gas is that prior glaciations
can have a large impact on water response. For example, in the Pennsyvlania area, water quality
impacts appear to be different in the northeast than in the southwest. One hypothesis is that the
parts of the state to the north that have been glaciated have different groundwater and surface
water characteristics than the non-glaciated parts of the state (WARNER et al., 2012; LLEWELLYN
etal., 2013; LLEWELLYN, 2013, in preparation). For example, recharge of water into subsurface
brine bodies may have differed under glaciated regions compared to non-glaciated regions.
Certainly the aquifers used for drinking water in glaciated areas can differ substantially from
aquifers in non-glaciated areas due to the presence of tills. EPA should take these ideas into
account when they compare datasets from different parts of the country.

Charge Question 2: Water Quality Characteristics: Please identify the most important water
quality characteristics that should be considered.

I am offering no response on this question.

Charge Question 3: Water Availability: What spatial and temporal scales should be
considered for this analysis to best characterize the impacts, if any, on the availability of water
used as a source of drinking water?

I am offering no response on this question.

Charge Question 4: Fluid Composition and Potential Impacts to Drinking Water
Resources: Given the data sets available, what information on fluid composition, factors
affecting composition, and/or trends in composition of hydraulic fracturing fluids may be most
useful for identifying potential impacts to drinking water resources across the United States?

The EPA is assessing the potential for on-site spills and leaks of hydrofracking (HF)
fluids to impact drinking water resources and this question is aimed at that topic. To make this
assessment, EPA is assessing state spill databases and information on chemicals in
hydrofracturing fluids. Appendix A lists approximately 1000 chemicals reported in HF fluids
between 2005 and 2012. More information is being collected through a service company analysis
that will yield information for 9 companies (Section3.3, pp41-42) and well file review (Section
3.4, pp53, 60), and FracFocus analysis (Section 3.5). The latter two datasets yield info for a
wider range of companies and are well-specific. EPA’s approach seems defensible. One concern
is that there is some evidence that small companies and large companies have different track
records with respect to water impact problems within the oil and gas industry (TEXAS
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DEPARTMENT OF AGRICULTURE, 1985). The EPA should evaluate their studies to ascertain that
they are including assessment of small company practice as well as large company practice.

At a more general level, the rates and volumes of spillage of HF fluids has been relatively
small in the Marcellus region based on data from the PA DEP website and publications in the
grey literature (CONSIDINE et al., 2012). Early in the development of the play, several large spills
(of all types of fluids, not just HF fluids) of volume between 400 and 8000 gallons occurred in
PA but no spills larger than 400 gallons have been reported since 2008 (PA DEP). Likewise
problems with respect to all sorts of spills into groundwater by oil and gas industry activity were
reported to be relatively small in frequency in the 1980s in Texas (TEXAS DEPARTMENT OF
AGRICULTURE, 1985). It could therefore be argued that the probability that HF compounds will
spill into drinking water in any given location with shale gas development is very small.
However, to assess risk also requires assessment of the extent of hazard that is incurred if the
event (no matter how unlikely) happens. Therefore, to assess risk will entail some sort of
assessment of toxicity of the HF compounds that can be spilled.

Therefore, it appears important that if companies choose to use a compound, the EPA
needs to assess the compound to determine i) at what rate the compound is biodegraded (and
whether the degradation products are toxic) and ii) if it is not biodegraded quickly, the EPA
should determine whether it is hazardous in water at a level that might be incurred in drinking
water due to spillage that could be harmful to human health. If volatile, the EPA also needs to
determine at what concentration the compound becomes hazardous in air. Highly toxic
compounds that are quickly degraded are not likely to be problematic (low risk) whereas highly
toxic and non-degradable compounds could be problematic (higher risk). EPA could assess the
highest likely spill volume and compound loading to drinking water systems and assess what
“critical” toxicity level would be possibly hazardous to human health; compounds that are not
biodegradable could be screened for toxicity above that critical level.

One complication in such an assessment is that once compounds are lost to the
environment, it can be notoriously difficult to retrieve them from geomaterials because organic
compounds and metals enter into pores and organic matter in natural systems and are not then
easily removed (NATIONAL RESEARCH COUNCIL, 2013). While it has been argued that such
retention is good because the toxic components are then not quickly mobilized into aquifer
waters, such geo-sequestration can also be problematic because the components are generally not
completely immobilized but are released out of the geomaterial slowly, creating a long-term
hazard. Therefore, just because the compounds become sequestered in rock materials does not
mean that the toxicity of these compounds should not be assessed.

Charge Question 5: Historical Changes and Current Trends in Fluid Composition: What
key historical changes or current trends, if any, in hydraulic fracturing fluid composition should
be considered as the EPA assesses the chemicals listed in Appendix A of EPA’s Progress
Report?

Anecdotally, in Pennsylvania, we are told that the companies change the composition of
their fracturing cocktails, often trying new recipes over time. For example, we have been told
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that high concentrations of methanol are now being used in central PA for HF. | believe it is of
key importance that the EPA recognize that the composition of the fracturing fluids has changed
markedly over time and is likely to change into the future. Any EPA regulations that are made
should take into account the likelihood of constant change in hydrofrack fluid composition with
time. There is no reason to believe that the compounds listed in Appendix A represent all the
compounds that will be used into the future (unless regulations are made that stipulate this). Use
of non-biodegradable and compounds that are toxic above the critical level that | mention in the
last question are likely to be the most problematic and their use should be scrutinized carefully.

Charge Question 6: Indicator Chemicals: What criteria should be considered when
identifying indicator chemicals, and why?

I will define an indicator compound as a compound used in hydrofracturing fluid that
could be used to help document the source of contamination in a contaminated water. In other
words, the analysis of an indicator compound in a drinking water well would be useful
potentially as partial evidence to show that the contamination derived from hydraulic fracturing
activity. An indicator compound might also be more broadly considered to be an isotopic
signature: in other words, in some cases the isotopic signature of a compound (rather than the
compound itself) might be distinctive and might serve as an indicator. Given this definition, the
criteria for choosing an indicator compound should include i) use in hydraulic fracturing fluids;
i) measurability, iii) relative stability in the environment.

I do not see why an indicator compound must be toxic (toxicity does not affect its utility
as a fingerprint), nor would it have to be unique to hydrofracturing. In fact, it is likely that a
compound might be used in more than one industry or material. In that case, detection of an
indicator compound in a drinking water well would only be partial evidence that HF was causing
the contamination. This non-uniqueness should not disqualify the compound for consideration.
Of course, the more unique the compound, the more of a “smoking gun” the compound might be;
on the other hand, a non-unique compound could still be useful in narrowing down an
interpretation of source of contamination if other evidence were present.

Overall, it will be very difficult to choose indicator compounds that can be easily
measured in water if water wells become contaminated. This is because the low concentration of
compounds in the HF fluids makes analysis very difficult. In addition, many natural organic
molecules are likely to be present in waste fluids, making analysis even more tricky. | do not
believe that any of the standard EPA analyses could be used to measure many of the organic
compounds that are found in HF fluids at the concentrations that are likely to be found in the
event of a spill or leak. Identification of compounds used in hydraulic fracturing (HF) fluids is
likely to be very difficult because i) the compounds in use have changed over time; ii) the
compounds are used at varying concentrations but generally very low concentrations; iii) the
companies do not have to report all compounds, and especially, proprietary compounds, and this
makes it difficult to design analytical protocols; iv) the use of individual compounds is often
dictated by geological characteristics and is thus locally variable even for one company; v)
organic compounds change in the subsurface due to reactions with each other or with rocks or
natural organic matter; vi) companies are experimenting with new compounds all the time and an
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almost infinite number of compounds are possible, vii) analysis of organic compounds in natural
mixtures is notoriously difficult.

However, spills and accidents have happened and will continue to happen. EPA must
therefore try to assess the rates of spills and accidents related to HF fluids and consider whether
regulation is needed. Frank Dorman, Penn State University, is an analytical chemist who has
analyzed flowback waters for organic components. The best technique he has found is
comprehensive multi-dimensional gas chromatography (GCxGC), and this work must be done at
high resolution to resolve individual compounds that are present with very similar mass/charge
ratios. This particular set-up of gas chromatography and high-resolution mass spectrometry is
available at only one or two laboratories at most in the country! In other words, to fingerprint an
individual organic compound in the waste fluids may require instrumentation that almost no one
is familiar with at this time.

On the other hand, Dorman has seen some evidence that hydraulic fracturing waste
waters may have a signature of shale-water reactions, and that this signature (distribution of
concentrations of different organic compounds) may be diagnostic of a particular shale.
Therefore, analysis of spectra measured using comprehensive multi-dimensional gas
chromatography (not at high resolution) could show that flowback waters differ depending upon
the shale that has been fractured — because the shales themselves release organic compounds.
Several hundred laboratories around the country have set ups for this GC — MS technique at the
lower resolution that might be needed to produce spectra useful for fingerprinting individual
shales. Such a fingerprint could conceivably be useful to document the provenance of
contamination — in other words, the spectra might point to water from a given shale.

If compounds are to be targeted and analytical techniques developed or used to determine
them in samples, the compounds should likely include at least BTEX compounds, glycols,
glutaraldehye, and 2-BE, among others.

Charge Question 7: Subsurface Fluid Migration Scenarios: Given that hydraulic fracturing
occurs at different depths and in different types of rock formations, please comment on how to
best use results from these simulations to answer the research questions listed in Table 26 (page
62) of EPA’s Progress Report.

It is difficult to use simulations to determine the likelihood of problems related to
hydraulic fracturing. Every geological locality is different and we always have too little data to
really constrain the problem well enough to do an accurate simulation. Specifically, we do not
know the distribution of permeability in the subsurface. How can any simulation be useful given
that it will not be truly accurate for any one location? For example, | found the one published
treatment of the use of simulations to assess potential water quality impacts (MYERs, 2012) to be
misleading, as we have discussed in print (VIDIC et al., 2013).

Nonetheless, I believe that simulations should be completed and applied to data from
individual wells if data are available. I would run simulations to try to learn what characteristics
of the subsurface could conceivably yield leakage upward over human timescales. Then | would
ask the question whether those sets of characteristics (distributions of permeability) are known to
occur anywhere that shale gas is under development. | would run sensitivity tests on the
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simulations to determine what permeability distributions are needed for leakage to occur.
Sensitivity tests will also teach the operator about how the subsurface system works (at least in
the model). The models should be parameterized using chemical, hydrogeological, geological,
and pressure data from multiple gas wells where hydrofracturing has been completed and
subsurface pressures measured. Responses of pressure in adjacent wells can be used to
parameterize permeability distributions. It might be helpful to model the systems where leakage
of HF components into drinking water has been alleged if data could be provided to constrain
those simulations (Pavillion WY, and the 1987 EPA case in WV (U.S. ENVIRONMENTAL
PROTECTION AGENCY, 1987).

Charge Question 8: Effectiveness of Well Construction and Operation Practices: Please
comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water resources.

The most common problem with well construction is a faulty seal in the annular space
around casings (GorobDY, 2012). The PA DEP has a database of incidents related to well
construction (cementing, casing, etc.) problems in Pennsylvania. The number of such violations
from 2008 to March 2013 in PA from the PA DEP website has been reported to have been 219
for a total of about 6466 wells, or a frequency rate of 3.3% (VIDIC et al., 2013). In the count,
violations 78.73A, 78.81D1 and D2, 78.83A and B, 78.83GRNDWTR, 78.83COALCSG, 78.84,
78.85, 78.86, and 207B were all included. Wells with multiple violations were counted only
once. Previously, the incidence of well construction problems from the PA DEP from 2008 to
2011 was reported as 1-2% (CONSIDINE et al., 2012). Incidents related to leakage with respect to
deep injection wells have also been collated for the 1980s in Texas and observed to be very low
(TEXAS DEPARTMENT OF AGRICULTURE, 1985). In that study, small operators were identified as
the source of more problems than large operators.

It would be useful to study rates of leakage of old oil and gas wells to determine how
many of them are leaking methane. I am unaware of any such studies. In PA alone, there are
100,000 abandoned or orphaned oil and gas wells. Some are known to be leaking. About 60,000
documented orphaned wells and potentially more than 90,000 undocumented orphaned wells in
the U.S. have not been adequately plugged and could act as vertical conduits for gas (I0GC,
2008). We need more information about leakage from old wells because in many locations the
presence of old wells may represent a significant hazard.

Perhaps the most likely component to leak and get into water wells is natural gas and the
most likely reason for such gas migration is faulty well construction. Detection of gas and
determination of its provenance will thus be a very useful tool for determination of faulty well
construction. But as natural gas moves in the subsurface, it can be partially oxidized, mixed with
other gases, or diluted along flow paths. Because of that, it is often hard to determine the
provenance of the gas once it has entered drinking water. To determine its provenance, a
“multiple lines of evidence approach” must be pursued (MoLOFsKY et al., 2011). For example,
researchers measure the presence of other hydrocarbons as well as the isotopic signatures of H,
O, and C in the water or gas (BReeN et al., 2007; OsBORN and McCINTOSH, 2010; REVESZ et al.,
2010). Thermogenic gas in general has more ethane and a higher **C/*2C ratio than biogenic gas.
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Stable isotopes in thermogenic gas may sometimes even yield clues about which shale was the
source of the gas (OsBORN and MCINTOSH, 2010; MOLOFsKY et al., 2011). In northeastern PA,
researchers argue whether the isotopic signatures of the methane in drinking water wells indicate
the gas derived from the Marcellus or from shallower formations (MoOLOFsKY et al., 2011;
OsBORN et al., 2011).

A significant problem with using natural gas concentration and isotopic composition to
understand the distribution of well construction problems in shale plays is that most of the data
for methane concentrations in drinking water wells are not released to the public at large. Several
individuals or companies or consortia have large datasets that cannot be released due to
confidentiality agreements (e.g. Fred Baldassare in Pennsylvania, Marcellus Shale Coalition, PA
DEP pre-drill data). A map of all methane concentrations in well waters for WV, PA, and NY for
which latitude and longitude data are available has been published (VIDIC et al., 2013).

Charge Question 9: Composition of Flowback and Produced Water: Please identify specific
data or literature on the composition of flowback and produced water in other areas of the
country.

Shale Network (www.shalenetwork.org) is compiling data for water in the region of the
northeast that is under development for shale gas. Some chemical data for flowback and
production water has been input into the database and it can be accessed online through
HydroDesktop (www.hydrodesktop.org). Water data has been input from Carl Kirby (Bucknell
University) and from published sources (BLAUCH et al., 2009; HAYES, 2009; BARBOT et al.,
2013; HALuszczAK et al., 2013) and from unpublished data measured at Penn State. Excel files
of the data can be exported easily from HydroDesktop.

Charge Question 10: Assessing How Spills or Leaks May Impact Drinking Water
Resources: Please suggest ways for the EPA to use these or other data to more comprehensively
assess how spills or leaks may impact drinking water resources.

The EPA does not seem to be looking at leakage of drilling fluids. This may be because
the charge is to look at the impact of hydraulic fracturing, not drilling. However, the
transformation that is underway now in the U.S. is not just with respect to fracking: it is also a
transformation from mostly vertical wells to mostly horizontal wells. It has been estimated that
in 2004, less than 10% of US wells were horizontal whereas today the fraction is 61% (HUGHES,
2013). The great utility of hydraulic fracturing today is at least partly due to the advent of
horizontal drilling technologies. Furthermore, HF has been around since the 1940s and the issues
with respect to water quality that are now driving public pushback are not just due to HF but are
rather related to the sum total of the process — drilling + hydrofracturing + gas production.
Looking at hydrofracturing without consideration of drilling is not going to really address all of
the public’s concerns. In fact, if leakage of drilling fluids occurs, a study of such leakage may
elucidate how or if leakage of HF fluids could occur.
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Drilling fluids include muds of various compositions including Ba. Organic compounds,
including such additives as Airfoam, are also used. In addition to compounds related to hydraulic
fracturing itself, the EPA should take into consideration the likelihood for leakage of these
drilling compounds. For example, Airfoam is purported to contain 2-BE (2-butoxythanol) which
is purported to be toxic for humans and animals. Airfoam leakages have been reported
(nttp://www.portal.state.pa.us/portal/server.pt/community/newsroom/14287?id=16152&typeid=1).

Charge Question 11: Wastewater Treatment and Waste Disposal Chemicals: Please provide
recommendations for other specific chemicals that are of interest from a wastewater treatment
and/or drinking water treatment perspective.

The most likely water quality parameters to be impacted by shale gas development in the
Marcellus region include methane, Na, Ca, and Cl concentrations. Methane leaks because it can
easily move upward as a separate phase and it can move in dissolved form in waters. Near the
surface, dissolved gas exsolves and can move into aquifers and wells. This is well known and it
occurs naturally (HARRISON, 1983; BREEN et al., 2007; REVESz et al., 2010; GorobDY, 2012) as
well as due to gas migration out of wells (VIDIC et al., 2013). Na, Ca, and Cl are of concern
because they are the dominant ions in Appalachian brines (DRESEL and RoOsE, 2010;
HALuszczaK et al., 2013). To a lesser extent, other metals and the organic compounds present at
lower concentrations in hydraulic wastewaters are a concern. The latter components are of lower
concern because they are present at lower concentrations. If hydraulic fracturing fluid waste
(flowback/produced water) is spilled or released into an aquifer, the first ions that will be
observed in the aquifer are Na, Ca, and CI. If those ions are not present at high concentration
then other metals such as Ba or Sr will not be measurable because they are so much less
concentrated in the flowback and produced waters.

Some basins such as the Appalachian basin contain brines with relatively high
concentrations of naturally occurring radioactive materials (NORMS). For example, radium can
move in brines. If brines are recycled back into the subsurface for more fracking, and all of the
NORMs are therefore re-injected, then the NORMSs may not be problematic. However, if the
brines are treated to precipitate barium, radium will also precipitate into the sediment slurry or
cake. In Pennsylvania, these slurries or sludges are disposed of in landfills. I believe that EPA
should consider the volume of such precipitates and the cumulative radioactive content of
material moved into landfills.

Charge Question 12: Trends in Wastewater Management that May Affect Hydraulic
Fracturing Wastewater: What key trends in wastewater management, if any, may affect the
volume and/or composition of hydraulic fracturing wastewater being treated and discharged to
surface water?

Currently in PA, most of the hydraulic fracturing wastewater is being recycled
(MALONEY and YOXTHEIMER, 2012; WILSON and VANBRIESEN, 2012). However, once the rate
of hydrofracking decreases, the fluid that returns to the land surface will no longer be injected
back into the subsurface; therefore, the trend will eventually be that brine is retained at the
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surface (VIDIC et al., 2013). Currently, each Marcellus well generates as much as 200 tons of salt
during the flowback period (VIDIC et al., 2013). It would be helpful to compile the data on rates
of brine return over time for individual wells and the concentration of salts in those brines over
time so as to assess how much total salt will be accumulated above ground during gas
development. Various issues make this assessment difficult. It is difficult, for example, to
estimate how long any gas field will be a net gas producer (HUGHES, 2013) as well as how long a
given field will produce less water than is re-injected for fracking. The EPA should consider
how much salt will be brought to the surface and how it will be disposed of over the lifetime of

gas plays.
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COMMENTS FROM DR. JAMES V. BRUCKNER

Charge Question #4 — Given the data sets available, what information on fluid composition,
factors affecting composition, and/or trends in composition of hydraulic fracturing fluids may be
most useful for identifying potential impacts to drinking water resources across the United
States?

I believe the initial approach used by the EPA, as described under Chemical Usage on
page 60 of its Progress Report, was a reasonable way to proceed. It is my understanding that this
effort has resulted, to date, in the 1,000+ chemical listed in Tables A-1 and A-3. Obviously,
meaningful criteria for “narrowing down” the list need to be selected and utilized. One criterion,
addressed on page 60 of the Progress Report, is frequency of use. It is stated that: (1) lists of the
top 20-30 most frequently-used compounds will be generated at the national, state and/or
regional levels; and (2) maps of the distribution of occurrence will be prepared for some of these
agents.

I suggest that a multi-criteria approach be implemented. The number of the most
frequently-used chemicals should be increased to ~100. These should be ranked or placed into
categories according to: (a) their frequency of use; and (b) the volumes typically injected into
wells. Ultimately, it will be necessary to gain knowledge of the magnitude of human exposure.
Those chemicals injected in largest quantities are likely to be present in higher concentrations in
flowback, wastewater, spillage and contaminated groundwater. A considerable proportion of the
most frequently-used chemicals are likely to be non-toxic or minimally toxic, particularly when
they are diluted with large volumes of water and particulates. Toxicity and potential
carcinogenicity to humans are very important criteria for selection of chemicals to focus on.
EPA staff stated that IRIS documents would be utilized as sources of information of adverse
health effects. | would also recommend: ATSDR Toxicological Profiles; National Academy of
Sciences Acute Exposure Guideline Levels (AEGLS), Submarine and Spacecraft exposure limits,
and other reports on specific chemicals and chemical classes; American Conference of
Governmental and Industrial Hygienists (ACGIH) TLVs and other exposure limits; OSHA
Permissible Exposure limits (PELs); and German MAK and BAT levels. The latter three sources
focus primarily on inhalation and dermal exposure hazards and standards, but are useful: (a) to
obtain information on the toxicity of a wide variety of chemicals; and (b) humans are exposed to
many water contaminants orally, by inhalation and dermally. Immune responses and
mutagenicity/carcinogenicity are adverse effects that may be of concern at the low
concentrations of hydraulic fracturing components that would be anticipated in water. Such
compounds, if frequently found/utilized, warrant their inclusion on a list of priority chemicals.
Classes of chemicals deserving of special attention include heavy metals, certain fungicides,
trihalomethanes and some other volatile organics (e.g., benzene, styrene, hexane).

My comments above are focused on human health. Environmental/ecological hazards,
including potential impacts on marine organisms, birds and mammals should also be a
consideration in selecting priority chemicals. Environmental fate/dissemination and stability are
important determinants of the likelihood of exposure and effects on ecosystems.

Ultimately, it will be necessary to gain some understanding of the magnitude and
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duration of exposure of humans and other species to priority chemicals, in order to assess risks to
health. Exposure estimates are needed for the major contamination exposure scenarios (i.e.,
flowback, waste water, spills on site and well water). The ongoing studies at selected sites (e.g.,
Wise County, TX; Washington County, PA; Bradford County, PA) appear to have the greatest
likelihood of yielding detailed, quantitative data that can be used to begin to estimate exposure.
Consideration should be given to a limited number of additional sites where major spills have
occurred, drinking water contamination is documented, or possible adverse health effects are
reported.

It is my understanding that some of the major fracturing service companies and oil/gas
companies are modifying the composition of drilling fluids to achieve larger margins of safety.
HESI, for example, has reportedly developed a Chemical Scoring Index that assesses relative
health, safety and environmental hazards associated with the compounds it utilizes. This
practice, or trend should be encouraged, hopefully even mandated in the non-too-distant future
by state and/or federal law. Inventories of fracturing fluids of recommended/approved
composition might be developed. The composition would include essential components that are
known to have desirable properties under local conditions, recognized toxicity potential of the
lowest order, lack of carcinogenicity, and result in the greatest gas/oil yield. Cost and
availability of fluid components are also considerations. If certain chemicals are indispensable
or highly desirable but are of uncertain toxic or carcinogenic potential, studies funded by the
industry could be required before their use in sanctioned. | advocate such an approach in
recognition that at present companies are not even required to disclose the composition of their
drilling fluids in most states. Nevertheless, it appears that hydraulic fracturing can be performed
efficiently and effectively with greater assurance of safety, if a concerted attempt is made by the
industry to evolve to “safer” fluid formulas and drilling/casing practices.
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COMMENTS FROM DR. THOMAS L. DAVIS

Charge Question 3: Water Availability: What spatial and temporal scales should be
considered for this analysis to best characterize the impacts, if any, on the availability of water
used as a source of drinking water?

Water availability for the hydraulic fracturing process is an important and justifiable concern
going forward. In the scheme of the water life-cycle approach to assessing the potential impacts
of hydraulic fracturing on drinking water resources it may well be the most important issue to be
addressed in EPA’s study. Drinking water is a precious resource and addressing the spatial and
temporal scales of water availability is an important research question.

Two areas in the country have been chosen for the water availability study. Watershed modeling
is being conducted in the Susquehanna River Basin in the eastern United States and the Upper
Colorado River Basin of the western United States. The two areas were chosen to represent
different end-members representing areas of high and low water replenishment respectively.
They also represent areas where the industry is currently active so the water withdrawal can be
monitored or estimated. A third area mentioned that may provide a different model and more
measurable data is the Bakken development area.in the Williston Basin. The panel encouraged
the inclusion of this study provided EPA has the time and resources to include it in the study.

Various members of the panel noted that industry usage of fresh water resources has diminished
since the 2009-2010 timeframe. This shift was also mentioned in EPA’s Progress Report. The
shift is to more non-potable water being used and more flowback and produced water is being
treated and used in the hydraulic fracturing process. It was also noted that more businesses are
developing across the country to serve the needs of the hydraulic fracturing industry and that the
industry is actively using water management companies as suppliers and treatment specialists.
The hydraulic fracturing process itself is changing or adapting in certain areas to less water usage
recognizing the importance of the water availability issue.

It is difficult to assess how much water is actually being extracted for hydraulic fracturing as it is
in some areas the oil and gas industry is competing with other industries including agriculture
and other commercial users. Water quality needs also to be addressed in conjunction with water
availability. Purity of water is not as much of an issue or concern in the hydraulic fracturing
process as was once thought enabling the use and re-use of low quality and brine saturated water.
For example, it was mentioned that during time of drought if substantial draw-down of an aquifer
were to occur due to increased competition for water by various stakeholders water quality may
be adversely affected.

Confined versus unconfined aquifers need to be addressed in the study of spatial and temporal
scales. Basin aquifer modeling was proposed as a preferable term to the term watershed
modeling. Statistical approaches including stochastic modeling were recognized as necessary to
address the spatial and temporal issues associated with water availability. A sensitivity analysis
derived from the stochastic modeling may help address the critical parameters and they are likely
to be area-dependent.
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In addressing the spatial and temporal scales considered in the analysis it is important to go to
data sources that support the modeling. Panel members encouraged the use of FracFocus data.
Apparently the data available in FracFocus are from January 2011 to recent and don’t cover the
2009-2010 timeframe. Nevertheless, the data could be used for purposes of stochastic modeling
that would be both instructional and informative.

In summary, change is underway to reduce the impact of hydraulic fracturing on water
availability. Different scenarios are being studied to develop predictive models on the impact of
the process on the spatial and temporal scales related to water availability but the industry is
taking a proactive role in limiting the use of drinking water in hydraulic fracturing operations.

Response to Charge Question 8: Please comment on ways information gathered as part of the
well file review may be used to characterize the effectiveness of well construction and operation
practices at protecting drinking water resources.

Approximately 130 well files were selected covering the period 2009- 2010 according to the
December 2012 Progress Report. Selection criteria were not addressed but less than 15% of
24000 wells were deemed suitable for selection. The well files need to be screened to deal with
the distance/depth between hydraulic fracturing and the presence of fresh water drinking
aquifers. The second most important factor is the lithology/rock type between the shale reservoir
and the aquifer(s) and the third is the stress state of the reservoir and presence of faults.
Modeling of different scenarios is taking place to test the sensitivity of subsurface parameters as
mentioned above. Considerable heterogeneity occurs in shale reservoirs and must be taken into
account.

Low permeability shale reservoirs require horizontal wells and hydraulic fracture stimulation to
enhance permeability. The most effective means of permeability enhancement is multi-stage
fracturing of horizontal wells. Permeability enhancement is dependent on the effective contact
area of the hydraulic fractures with the reservoir. Generally fracture length and height growth in
the shale reservoirs is limited due to heterogeneity. Complex fracturing takes place especially if
there are pre-existing natural fractures in the reservoir. The hydraulic fracture process can open
up pre-existing natural fractures and enhance permeability. Characterizing the natural fractures
prior to well placement and hydraulic fracturing can enhance the effectiveness of the drilling and
completion process and seismic monitoring can safe-guard against potential pathways to
drinking water resources. Image logs and multicomponent seismic data are of particular benefit
in understanding and characterizing shale heterogeneity and natural fracture presence.

Microseismic and surface time-lapse, multicomponent seismic technologies have advanced to
enable better characterization and monitoring of the hydraulic fracture process. Coupled
reservoir simulators are now capable of accounting for geomechanical changes associated with
hydraulic fracturing but parameter constraints need to be obtained from subsurface data.
Coordinated efforts to obtain the data and to integrate technologies may allow for a better
understanding of the hydraulic fracturing process. Increasing the safety and effectiveness of the
process especially as it pertains to well interference and well spacing is critical to the economic
development and environmental impact of the process itself.
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Technology has rapidly advanced since the 2009 — 2010 timeframe and | encourage a section of
the final report to include a focus on technological advances that have taken place. Better
determination of cement isolation, advanced propping methodologies, ball-drop and sliding
sleeve technologies that allow more entry points per stage to be fracture stimulated are just a few
of the advances that have taken place.

The subsurface is inherently complex and we may never have the data to completely solve the
problem. Complex problems require integrated approaches and | am confident that the
approaches taken in this study will provide valuable insights and meaningful results. To quote
the 2010 Draft Study Report “With the cooperation of service companies, full access to data, and
careful selection of case studies, the Science Advisory Board believes the that proposed research
can adequately address most of the fundamental questions associated with possible impacts of
the injection and fracturing process on drinking water resources”. Progress to date provides hope
and credibility to this statement.
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COMMENTS FROM DR. JOSEPH J. DEGEORGE

Charge questions 4 and 10 are closely related and there are several overlapping aspects to the
comments that follow. The recommendations below on charge question 4 would improve the
ability of EPA to address both charge questions in an integrated manner.

Charge Question 4:Given the data sets available, what information on fluid composition,
factors affecting composition, and/ or trends in composition of hydraulic fracturing fluids may be
useful for identifying potential impacts to drinking water resources across the United States?

Comment: The EPA approach to generating a list of chemicals used in in hydraulic fracturing
mixtures (past and present) is an important first step in identification of potential impacts from
multiple fracturing process sources to drinking water resources. However, absent information
on chemical concentrations, amounts used, site storage conditions, duration of storage on site,
and containment systems, the information will not support an assessment of the potential to
impact drinking water resources. In order to provide information useful to policy makers, EPA
needs to have potential exposure information (an assessment of potential “dose”), and knowledge
of the characteristics of site conditions that impact the likelihood of a spill and consequences of
spills (containment or environmental release) to assess potential to impact water resources.

Given the nearly 1000 chemicals named as used in fracturing mixtures, EPA should prioritize the
chemicals, based on the amounts and a determination of which have the potential to have
consequences should there be a spill or release. Some of the chemicals may be used in such
minimal amounts as to be without potential relevant impact on water resources. Others may be
of such low toxicological concern as to not warrant further assessment. EPA should triage the
chemicals using such considerations, once the necessary information (see above) is also
collected. Unfortunately, the critical information beyond the simple identification of chemicals
used in fracturing does not appear to be collected as part of the research plan.

Based on the list collected to date, EPA may also need to consider “chemical class” information
as many closely related compounds may be used in different fracturing formulations or may be
combined within a single formulation. It is not clear from the information available which is the
case and it is important to determine which scenario applies and use the correct “class”
information to understand the potential to impact water resources. The necessary data do not
appear to be available nor planned for collection.

The limited examples of formulations that have been reported are inadequate to the task of
understanding many critical aspects of hydraulic fracturing fluid relevant to the impact on
drinking water resources, and a more complete assessment of the formulations used should be
assembled. This would allow analysis of whether there are clear trends in minimizing use of
more toxic chemicals, as some public comments have indicated, or whether there is
consolidation or more diversification of chemicals used in formulation mixtures. A trend toward
more diversification across current formulations would further complicate the analysis of
potential impact. Collecting more complete information could also allow evaluation of any
potential mixture composition relationships with the geology being fractured or regional water
sources used, such that the chemical additives of potential concern or mixtures used for
particular tailored applications could be assessed by the specific application type. This would
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enable EPA to provide information to policy makers that would better reflect different potential
regional risks, if any exist. The current approach of evaluating only a few formulations will not
allow for such an analysis and will limit the utility of the information.

The assessment of the spills databases could yield trends in spill magnitude, conditions
contributing to spills and resultant drinking water resource impact. It could be useful to
determine if changes in industry practice over time are reducing the potential for spills (handling
and equipment improvements) or the potential impact of spills (formulations changes or
secondary containment improvements). The database would need to be segregated by the source
of the spill (fracturing formulations versus fracturing waste water) and the relevance of the
source of the spill to the specific charge to EPA( the spill and its relationship to the hydraulic
fracturing process). The available databases, however, need curating and more complete
records. As suggested in the public comments, publishing the list of spills being assessed by
EPA and allowing public input could improve the data quality, if the industry and public actively
review, correct, and supplement the information available.

While not a specific charge to the EPA, some attempt to compare the exposures to specific
chemicals of concern from hydraulic fracturing, when and if identified, with other sources of
environmental exposure to the same (similar) chemicals should be done. This would provide
policy makers with context that would better inform their decisions.

In summary, the heroic effort by EPA to collect and analyze the data on the chemical
composition of hydraulic fluids should be commended. The currently available information and
its quality, however, will likely limit its utility for assessing potential impact of spills and
releases on drinking water resources unless substantial enhancements to the data collection and
analysis are implemented.

Charge question 6. Indicator chemicals: What criteria should be considered when identifying
indicator chemicals, and why?

Comment: EPA has determined that indicator chemicals should be normal constituents of
hydraulic fracturing fluids, rather than added chemicals, which in general seems reasonable.
However, consideration should be given to use of stable isotope forms of the normal chemical
constituents, even though these may be viewed as additives. Isotope ratios may then be used to
identify any potential source of contamination. It is suggested that indicator chemicals, stable
isotope or not, be chosen to assess worst case injection fracture fluid migrations or significant
spills, and thus avoid those indicator chemicals with significant absorptive characteristics.
Furthermore, indicator chemicals should be as unique to the fracturing process as feasible to
provide an ability to differentiate from non-fracturing sources of contamination. As such, EPA
should reconsider the utility of stable isotope additives or, alternatively, focus on chemicals with
differentiating isotope ratios in fracturing fluids than present in other sources of the chemicals
(e.g., deep water contaminants).

Charge Question 8. Effectiveness of well construction and operation: Please comment on
other ways the information listed above may be used to characterize the effectiveness of well
construction and operation practices at protecting drinking water resources.
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Comment: In order to understand the potential consequences of leaks and spills, EPA should
specifically seek information on practices for secondary containment for hydraulic fracturing
fluids and waste water being implemented as part of well site construction.

Charge Question 10: Assessing How Spills or Leaks May Impact Drinking Water
Resources: Please suggest ways for the EPA to use these or other data to more
comprehensively assess how spills or leaks may impact drinking water resources.

For flowback and produced water, please suggest ways for the EPA to use these or other data to
more comprehensively assess how spills or leaks may impact drinking water resources.

Comment: Many of the comments made in response to charge question 4 are equally applicable
to charge question 10 and are not replicated below. As with hydraulic fracturing fluids,
flowback and produced water need an assessment of chemicals present, concentrations present
and potential spill volumes to assess potential impacts to drinking water resources. Largely, this
information in aggregate is not available and but should be collected to provide useful
information as related to drinking water impact and potential for health and water quality effects.

Potential spill volumes may be impacted by target geology, waste water recovery, mode of
disposition, and duration and conditions of storage (containment) prior to disposition. Such an
analysis is not included in the current progress update nor does one appear planned in the final
report. Furthermore it is not clear that sufficient information is being collected to make such and
assessment. The EPA should rectify this, or provide an explanation as to why such an analysis
would not significantly contribute to the utility of the final report.

EPA has chosen to group the considerations for flowback and produced water together, in
recognition that there is a transition from one to the other once a well is fractured and that there
is overlap in constituents. Thus, EPA has considered them together as waste water. This
approach is of value in simplifying the assessment of potential impacts, if the issues with these
two “types” of fracturing returned water are similar and the potential impacts are nearly
identical. However, given the potential for different dominant contaminants from the initial
flowback water (diluted fracturing mixture chemicals) versus produced water (deep structure
water and oil/gas field constituents), the impacts on drinking water resources could be
substantially different. While from a waste water disposition consideration, this lack of
distinction may be appropriate, EPA should reconsider if the combination category of “fracturing
waste water”, from a spills and unintended release perspective is also a valid assessment of the
potential impact on drinking water resources.
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COMMENTS FROM DR. JOEL DUCOSTE

Charge Question 1: What spatial and temporal scales should be considered for this analysis to
best characterize the impacts, if any, on the quality of water used as a source of drinking water?

In terms of spatial scales, it’s important that withdrawals from surface water account for impact
of when the water levels decrease, specifically that the fraction of the remaining surface water
may have a significant volume fraction from an upstream wastewater treated effluent. This larger
fraction could have a significant impact on a downstream drinking water treatment plant
operation and effluent water quality. In terms of temporal scales, it will be important to capture
the seasonal impacts on water withdrawal, especially during periods of higher water usage.

Charge Question 2: Please identify the most important water quality characteristics that should
be considered?

To me, TDS is a strong indicator that will capture many of the potential problems faced by water
and wastewater treatment plants. It could spell problems in terms of many constituents beyond
salts that could influence treatment process decisions as well as challenges to meet drinking
water quality standards and minimize risk to public health.

Charge Question 3: What spatial and temporal scales should be considered for this analysis to
best characterize the impacts, if any, on the quality of water used as a source of drinking water?

See response to Charge question 1

Charge Question 4: Given the data sets available, what information on fluid composition,
factors affecting composition, and/or trends in composition of hydraulic fracturing fluids may be
most useful for identifying potential impacts to drinking water resources across the United
States?

Along with TDS above, items that would clearly impact drinking water resources include
alkalinity, nitrate, phosphate, sulfate, Ra, hardness, metals and minerals, total suspended solids,
and oil & grease. While these parameters are not as specific as the compounds found in
Appendix A and FracFocus, it does provide important water quality information that affects
environmental health and influences water and wastewater process performance.

Charge Question 6: What criteria should be considered when identifying indicator chemicals
and why?

As | understand it, a two tier system is being proposed where Tier | includes parameters (TDS,
chloride, potassium) and Tier Il includes (TKN, TOC, BTEX). This two tier system is reasonable
where tier | would be an initial indicator that provides initial warning of an irregular event that
could be caused by excessive discharge from a fracturing site and tier two compounds would
confirm that discharge as it would indicate chemicals that are very specific to fracturing
wastewater discharge. However, the EPA may want to consider more specific tier two
compounds such as: glycols, methane, and isotopic compositions of radium.
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Charge Question 7: Given that hydraulic fracturing occurs at different depths and in different
types of rock formation, please comment on how to best use results from these simulations to
answer the research questions listed in Table 26 of the EPA’s progress report?

The report provides very little information about the model. Further, it is tough for me to grasp
how well the model will capture movement of any fracturing fluid material given the
underground material variability and type of potential release pathway. Any modeling simulation
must be performed with an uncertainty analysis. There are too many possible situations in terms
of alternative fracturing fluid migration either from pathways through the rock or types of well
structural failures.

Charge Question 9: Please identify specific data or literature on the composition of flowback
and produced water in other areas of the country

The data in Appendix A or FracFocus seems quite extensive. It is more extensive than any other
data available in the literature at this time. More specific information would have to come from
surveys for companies willing to provide transparency.

Charge Question 10: Please suggest ways for the EPA to use these or other data to more
comprehensively assess how spills or leaks may impact drinking water resources.

The Tier indicator compounds discussed in Charge Question 6 could be an approach to
determine if a spill has occurred.

Charge Question 11: Please provide recommendations for other specific chemicals that are of
interest from a wastewater treatment and drinking water treatment perspective.

Overall, the list contains many of the compounds | would initially include given the extensive list
provided in Appendix A. As it appears in the list provided in Table 45, that the largest group of
compounds based on frequency of usage in fracturing fluids were included (i.e., alcohols,
glycols, aromatic compounds). In addition, compounds associated with known health effects,
regulated and an initial list of unregulated compounds (i.e., chemicals identified on either the
CCL or UCMR list) and disinfection by products. While nitrosamines are already on the list,
precursors to the formation of nitrosamines are limited. | currently see one secondary amine (i.e.,
diethanolamine) on the list. Since there are many forms of nitrosamines, | think other secondary
amines should be included such as diethylamine, dimethlamine, and diphenylamine. It may give
us a clearer picture of the potential for nitrosamines to be formed.

In addition, I am still concerned about other disinfection by products that are not on the list
proposed. These include compounds associated with the following groups: halonitromethanes,
iodinated THMs, and halogenated pyroles. These compounds can be formed from interaction
with chloramines, ozone, or chlorine dioxide and all have a reported greater toxicity than current
regulated DBPs. Formation of halonitromethanes is increased in waters where pre-ozonation is
used prior to chlorine or chloramine addition. For halogenated pyroles, a combination of
chlorine-dioxide and either chlorine or chloramine has been reported necessary for their
formation.
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Finally, 1 would like to suggest the addition of perfluorinated compounds (PFOs) to the list of
chemicals to measure in fracturing operation wastewater. PFOs are possibly found in
lubricants/surfactants/foams, difficult to breakdown naturally, nonvolatile, and maybe difficult to
remove from natural waters using adsorption processes. Given that lubricants/surfactants/foams
are a potential part of a fracturing fluid mixture, PFO compounds could be part of that mixture
and be released in the operation’s wastewater.

Charge Question 12: What key trends in wastewater management if any that may affect the
volume or composition of hydraulic fracturing wastewater being treated and discharged to
surface water?

There are multiple wastewater management strategies that can be used by fracturing companies.
These strategies include: Recycling, Deep Well Injection, Commercial treatment facilities, and
POTW. Of these strategies, recycling (All or a portion of the flowback or produced wastewater
may be recycled for use in fracture fluids), commercial treatment facilities (onsite treatment
facilities that range in size from smaller package units to larger facilities designed to treat
fracturing wastewater), and discharge to a POTW can impact surface water quality and the
subsequent drinking water treatment effluent water quality.

Results reported in the literature suggest that onsite treatment processes typically included an
initial screening process followed by an initial settling process to separate oil and water.
Na2S0O4 may be added to facilitate removal of barium and other metals followed by coagulants
to enhance settling in clarifiers. The literature reports reasonable removal of metals, but not
sufficient TDS. Typically 10% to 40% of the fracture fluid volume returns to the surface in the
first two weeks. Flowback volume from literature reports is often lower than 25%. Based on
some literature reports, approximately 1.0 Mgal of flowback with an average TDS concentration
of 80,000 mg/L is returned to the surface in the first three weeks of operation. Treatment
processes at POTWs are designed to remove suspended solids and biodegradable materials, but
flows with high TDS can interfere with biological processes. High TDS and potentially other
trace constituents need to be assessed to determine recovery/resiliency of the treatment process.

In addition to concerns related to TDS, increase in sulfates could lead to concrete corrosion
(sewer lines direct or indirect through MICC (microbial induced driven processes), chlorides
may also induce concrete corrosion, significant changes to monovalent to divalent ion ratio may
cause the breakdown of bioflocs in activated sludge systems, and many priority pollutants can
lead to activated sludge or nitrification process inhibition depending on the exposed
concentration. The literature also reports inhibition threshold for selected inorganic and organic
chemical concentrations in activated sludge. Partitioning of heavy metals on activated sludge as
well as inhibition of anaerobic digester due to the presence of heavy metals can cause reductions
in process performance. Further, a reduction in gas production in anaerobic digesters has also
been reported due to the presence of EC50 levels of surfactants (alkyl dimethylbenzylammonium
chloride and sodium alkyl ether sulfate).

As a result of the material that is contained in fracturing process wastewater stream, advanced
wastewater and drinking water treatment processes will be needed. These processes include
membrane systems, advance oxidation processes, and novel absorbents used in adsorption
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processes. Process managements issues related to these advanced processes include the
following:

Membrane Fouling

Membrane fouling can increase the cost of membrane process operation and reduce the
continuous operation of the system due to increased maintenance and replacement. While there
are reports that describe the impact of certain compounds on membrane fouling, research is
ongoing in fundamental and mechanistic understanding of organics and inorganics on fouling.
The literature has reported that ED anion-exchange membranes are particularly susceptible to
organic fouling due to the negative charge associated with natural organic matter.

As mentioned in the list of compounds to be tracked, nitrosamines could be potentially formed
from disinfection by product reactions. However, the literature reports that nitrosamines,
particularly NDMA, is not effectively removed by the RO process (NDMA: 30-40%) and this
poses a problem if high pressure membrane applications are used to achieve water quality that
meets or exceeds drinking water standards. If it cannot be met alone, then additional treatment
processes are required (photolysis) to achieve the desired water quality. The net effect of these
additional treatment processes is the potential increase in treatment cost.

Process Energy Usage

Research is needed to improve the energy efficiency of the process, to better recover energy
throughout the process, and to investigate the use of renewable energy sources. While we are
conserving water resources to generate fuels used for energy, the question that should be asked is
how does the landscape of regional energy use influenced by the technologies used to treat
fracturing fluid wastewater? To really get a handle on that, a detailed life cycle analysis with
appropriate bounds need to be performed at all fracturing facilities.

Advance treatment processes in combination with bioreactors

Other technologies besides membranes need to be explored. May need to explore advance
treatment processes that combine strong oxidant forming processes with biological treatment
systems (i.e., AOPs (UV/peroxide, photo-fenton, UV with other catalysts), and 0zone combined
with either an aerobic or anaerobic biological system) were used to remove recalcitrant
pollutants.
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COMMENTS FROM DR. SHARI DUNN-NORMAN

EPA has undertaken a challenging project to study the potential impacts of hydraulic fracturing
on drinking water resources. The hydraulic fracturing life-cycle identified covers a broad range
of topics, many of which lack complete data for analysis. The progress report updating the
public on the research topics, methods and data being used in the research effort is a useful
summary of work completed thus far. EPA’s progress report is clear and readable, and it
conveys a good synopsis of the work being conducted.

After reviewing the document I have these general recommendations:

It is recommended that the final report include real field pictures, and a clearer
explanation of the actual physical field practices of hydraulic fracturing, wherever
possible. A diverse group of people will be reviewing this document and many of
those readers have a poor, or incorrect, understanding of how hydraulic fracturing
is actually performed. Hence, it is very important that EPA’s research reports and
papers correctly convey the process, and educate the reader about how hydraulic
fracturing is currently conducted. Very few people realize that the fracturing process
is a very short term injection (less than a week off-and-on) and have the mistaken
impression it is a continuous injection over a very long period of time.

As another, specific example, in the sections on flowback/produced water spills, the
report should identify the spill pathways, with pictures of the field equipment (wellhead,
tree, flowine and tanks) highlighting their most likely leak paths. It would also be useful
to include a photo of a fluid hauling vehicle with a red slash across it, to emphasize that
spills from transportation were excluded from study.

In general, the major assumptions and limitations of the research projects are not clearly
stated in the document. Some of those limitations were highlighted in the panel review
discussion, but should also be noted more clearly in the final document.

It is recommended that references to current industry practices (American Petroleum
Institute standards for hydraulic fracturing operations) be noted in the final draft report,
since the scope of the research did not address compliance with industry standards of best
practices. This is a limitation of the work which should be noted.

There is no quantitative risk assessment included in EPA’s research effort. Thus, the
reader has no sense of how risky any operation may be in ultimately impacting drinking
water. This is also a significant limitation of the work. The Society for Risk Analysis
(SRA) has suggested that the most likely contamination would be from wastewater
disposal, http://www.newswise.com/articles/hydraulic-fracturing-poses-substantial-water-
pollution-risks-analysts-say. Perhaps this should be included in the wastewater aspect of
the EPA’s work.

Figures 14-19 are very misleading because they do not convey actual well construction
practices of setting surface casing through the lowest know underground source of
drinking water (USDW). This must be corrected in the final draft of the research report.
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e Figures 14-19 also need to convey the existence of stratigraphy. This has been noted in a
stakeholder meeting.

e EPA has suggested publishing the results of their 18 individual research projects in the
peer review literature, and including those publications as citations to the final research
report. While this may be desirable from EPA’s standpoint, the approach creates a sense
of a fait accompli, i.e. how can one question results previously published in peer review
literature?

Requested response to Charge Question 9: Flowback and Produced Water: Please identify
specific data or literature on the composition of flowback and produced water in other areas of
the country.

There are a number of publications within the Society of Petroleum Engineering (SPE) literature
(onepetro database at spe.org) that may provide useful general information. Some specific
papers include:

SPE 157532 — Key Shale Gas Water Management Strategies: An Economic Assessment Tool,
by James Slutz et al., 2012

SPE 147264 — Shale GaS Water Treatment Value Chain — A Review of Technologies, including
Case Studies by Patrick Horner, et al., 2011.

SPE 152595 — What Every Representative, Environmentalist, Regulator, Reporter, Investor,
University Researcher, Neighbor and Engineer Should Know about Estimating Frac Risk and
Improving Frac Performance in Unconventional Gas and Oil Wells — by George King, 2012.

RPSEA also has active projects related to unconventional resources water production. These
may be found at http://www.rpsea.org/currentresearch/, although it is unclear if spill data have
been collected.

In general, starting with state spill databases is a good approach and it is recognized that spill
data will likely be difficult to acquire. On characterizing types of flowback and produced water
it is necessary to differentiate between the two. Yet, there is no “standard demarcation” between
flowback water and produced water. So, even if these data are made available from companies,
it may be difficult to compare the data acquired. The USGS has a produced water database
which may be helpful.

During the panel discussion another member suggested that the salinity of these spills be framed
with respect to deliberate and accepted brine (salt) use on roads in winter. If EPA could provide
a sense of what brine concentration is acceptable and what is not, it will help the lay reader
understand the difference, if any.

Charge Question #7: Subsurface Fluid Migration Scenarios: Given that hydraulic fracturing
occurs at different depths and in different types of rock formations, please comment on how to
best use results from these simulations to answer the research questions in Table 26 (page 62) of
EPA’s progress report.
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The subsurface migration scenarios capture the general pathways of concern. However, Figures
14-19 do not accurately reflect actual well construction practices, and lack a representation of
any real stratigraphy. These should be corrected in the final draft.

The modeling approach is robust and the research is being conducted by highly reputable
researchers. However, it is unclear how this work will be validated. Normally FEA or CFD type
models are verified by laboratory scale experiments. Since laboratory studies of subsurface
fracture propagation are not included, the models cannot be validated in a traditional sense. It
will important to compare the sophisticated modeling results against simple calculations of
leakoff and fracture propagation, to gauge the model’s veracity.

It may also be possible to validate the model with the seismic results by Kevin Fisher and Norm
Warpinski (SPE 145949 — Hydraulic Fracture Height Growth: Real Data). These authors have
analyzed microseismic data of all fracture stages in each of the shale plays. The figure shown
below is an excerpt for the Barnett Shale. The authors plotted the shallowest and deepest
microseismic events, normalizing depth at the mid-perforations for each stage, and simply
arranging the stages by depth. The blue shown above each fracture stage is the depth to ground
water.

Fisher and Warpinski’s work show there is significant distance between the hydraulic fracture
and the bottom of the lowest known underground source of drinking water (USDW). The figure
also suggests that as the fracturing depth becomes shallower the spread distance for a particular
fracture is smaller, meaning that the fracture is not as high. This is consistent with fracture
gaining horizontal components, and eventually turning to a horizontal geometry, at shallow
depth.
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Fig. 2—Barnett shale measured fracture heights sorted by depth and compared to aquifers.

From SPE 145949. Hydraulic Fracture Height Growth: Real Data

The modeled scenarios in the EPA research are all based on Marcellus shale play stratigraphy
and will be difficult to extrapolate beyond this area. This will have the greatest effect on
scenarios B and C, in which the upward fracture propagation depends heavily on stratigraphy
and the existence of nearby faults.

Based on simple calculations, it is highly unlikely that scenarios B1 or B2 will be possible. If
modeling demonstrates there is insufficient fluid to propagate a fracture to the groundwater, then
that result could be true for all shale plays, depending on the height propagation achieved in the
modeling. This would also be true for scenario C, intersecting a fault.

Scenario A, a fracture intersecting the vertical annulus of the well during the fracture treatment;
scenario D1, a fracture intersecting the annulus of an active offset well; and scenario D2, a
fracture intersecting an offset abandoned well are pathways scenarios less dependent on
overlying stratigraphy. Results from the research modeling in these scenarios may translatable to
other shale plays because the scenarios are more dependent on well proximity, cement quality,
and pressures, than fracture height propagation.

As noted in the panel review, based on my experience, scenario A is most likely leak path,
followed by scenario D1. Most abandoned wells have pressure depleted reservoirs, which may
act as fluid “sinks” for the upward migration of fluids. Hence, scenario D2 requires that the
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fracturing pressure be sufficient to propagate the fracture into the abandoned well, and re-
pressurize the annulus to surface.

There are many wells with annular pressure, particularly older wells. And many states do not
possess records on old abandoned wells. Occasionally, operators will drill a well and discover an
old, unrecorded well nearby. With thousands of wells drilled 50-70 years ago, and a poor
understanding of how these wells age, it is most likely that well construction problems are found
in these types of wells rather than the wells currently being hydraulically fractured today.
Modern well construction standards are rigorous, and these wells cost operators millions of
dollars. So a great deal of care and effort is place on modern well construction and these wells
are likely to have the highest level of well integrity.

Many states now require operators to study the integrity of nearby wells prior to fracturing
operations.

Charge Question #8: Effectiveness of Well construction and Operation Practices: Please
comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water
resources?

The list of well data provided is excellent, however | was unable to ask who is assisting EPA in
reviewing all of these data. Many of the data (e.g. cement bond logs), require training and
experience to interpret. It was unclear to me who will be performing this work for EPA.

I find this charge question very problematic because, other than API standards, there is no
agency who has determined what an “effective” well construction standard for the protection of
drinking water.

Historically states have required certain construction standards which almost universally include:

Surface casing set with the shoe below the lowest know USDW
Surface casing fully cemented back to surface
Pressure test on surface casing

Intermediate/production casing set, cemented back to cover formation of interest or
cemented back to the previous string

Pressure test of intermediate/production casing

e Cement bond logs

e Temperature logs

So, it would seem necessary to have agreement on what the criteria for an effective well
completion is, before determining if the data support it.

Some comments on other data to consider: The casing shoe pressure tests would provide an
indication of formation stress values if there is someone able to analyze those data. The stress
values can be compared against the formation stresses in the stratigraphic layers assumed for the
subsurface migration pathways.
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It is also important to obtain information regarding the type of completion system used in the HF
profess. This includes plug and perf, sleeves, coiled tubing, etc. This information indicates
whether the well is cemented behind pipe, or whether the fracturing is conducted open hole, with
swellable packers.

Any reports of sustained annulus pressure after the well is on production would be an indication
that there is some communication within the annulus behind the production casing.
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COMMENTS FROM DR. KATHERINE BENNETT ENSOR

Charge Question 3: Water Availability: What spatial and temporal scales should be
considered for this analysis to best characterize the impacts, if any, on the availability of water
used as a source of drinking water?

A seasonal temporal scale is imperative with daily dynamics within seasons highlighted if
possible. This level of daily modeling will help gauge the impact of water availability in water
scarce areas such as Colorado. It is not clear to me that the available data supports this refined
temporal scale. I understand that the models can be run at this level, but the limitation may be
available data to appropriately calibrate the models. A refined spatial scale is necessary to
adequately capture features such as snowmelt.

Use of the distributed watershed and hydrology models for scenario forecasts are improved by
proper use of statistics in both model fitting/calibration and in determining the uncertainty
associated with scenario analyses. The scenarios proposed represent the appropriate range of
possibilities, however the respective likelihood of occurrence is not addressed. Further, how
sensitive are the future scenarios to the fitted model parameters and their inherent uncertainty?
There has been substantial progress in the past decade on combining process models with
statistical strategies for collaboration and uncertainty quantification. A few current references
are included below.

Hill, Mary C., Dimitri Kavestki, Martyn Clark and Dan Lu (2012). Uncertainty Quantification of
Environmental Models.

Misgana K. Muleta, John W. Nicklow, Sensitivity and uncertainty analysis coupled with
automatic calibration for a distributed watershed model, Journal of Hydrology, Volume 306,
Issues 1-4, 9 May 2005, Pages 127-145.

Muleta, M. (2012) A Formal, Bayesian Approach for Uncertainty Analysis of a Watershed
Model. World Environmental and Water Resources Congress 2012: pp. 3732-3739. doi:
10.1061/9780784412312.375

Muleta, M., McMillan, J., Amenu, G., and Burian, S. (2012). "Bayesian Approach for
Uncertainty Analysis of an Urban Stormwater Model and its Application to a Heavily Urbanized
Watershed." J. Hydrol. Eng., 10.1061/(ASCE)HE.1943-5584.0000705 (Aug. 20, 2012).

Yang, Jing, Peter Reichert, K.C. Abbaspour, Jun Xi, Hong Yang (2008). Comparing uncertainty
analysis techniques for a SWAT application to the Chaohe Basin in China. Journal of Hydrology
Vol. 358, pgs 1-23.

Zhanling Li, Quanxi Shao, Zongxue Xu, Xitian Cai, Analysis of parameter uncertainty in semi-
distributed hydrological models using bootstrap method: A case study of SWAT model applied
to Yingluoxia watershed in northwest China, Journal of Hydrology, Volume 385, Issues 1-4, 7
May 2010, Pages 76-83.
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Charge Question 10: Assessing How Spills or Leaks May Impact Drinking Water
Resources: Please suggest ways for the EPA to use these or other data to more
comprehensively assess how spills or leaks may impact drinking water resources.

This is a well-designed probability sample from which appropriate inferences can be made. Care
should be taken with what | expect will be highly skewed and messy data as well as
appropriately dealing with stratification. I also would recommend a multivariate examination of
the sample data, as there may be possible connections that would emerge from this multivariate
look. It should be feasible to develop a statistical model that assesses the probability and severity
of spills based on well characteristics. An estimate and its uncertainty of the probability, severity
and characterization of spills could feed into an appropriate watershed model to ascertain the
direct impact to drinking water availability and quality. Engaging the efforts of a statistician is
recommended in order to fully capitalize on the potential and understanding the limitations of
this database.
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COMMENTS FROM DR. ELAINE M. FAUSTMAN

Overall comments to the Agency

This report represents an amazingly responsive proposal that was generated within an aggressive
deadline on an important national issue. This reviewer however has grave concerns about the
amount of additional work that is needed to accomplish this overall project. Resources and scope
given to EPA to address issues of water quality are in disconnect with what is needed to do a
thorough review. This reviewer applauds EPA’s “can do” attitude however feels strongly that the
message of inadequate resources to do their job is heard at upper management levels within and
outside of the EPA.

The SAB was informed that the EPA cannot re-write the report but that they welcome our
comments. In several cases, additional appendixes and sections could be made available on line
following this report and also the concept of this report as a “living document” that is dynamic and
responsive to the new data collected is an attractive option.

Again | cannot emphasize enough the extensive work and research that the Agency has conducted
and will be expected to do as this project unfolds. Great job but so much more to do!

Responses to Charge Questions (non-chronological order)

Question 1: Spatial and Temporal Scales for Water Quality Analysis: What spatial and
temporal scales should be considered for this analysis to best characterize the impacts, if any, on
the quality of water used as a source of drinking water?

A critical missing element for addressing the question of what spacial and temporal scales are
adequate for this assessment is the fact that ecological impacts are not addressed and in particular
not addressed in a manner adequate to answer related questions of scales for assessing human
health. For considerations of water quality and security the WHO and EPA overall has included
human health impacts to be integrated with ecosystems. Water quality, quantity and availability
components are needed for evaluating either health impact. Time scales need to assess short term,
intermediate as well as long term chronic impacts and associated spacial scales are needed for past,
current and for future activities (including restoration).

Due to the dynamics of the regional hydraulic fracturing activities it was unclear after reading the
report what the operational definitions for active sites was either for adjacent wells, adjacent
companies and the activation and decommissioning of the wells to non-active status. This is
essential as it defines the scope of potential impacts and new versus historical impacts and this
directly relates to this charge question of appropriate scale. Scales need to include adjacent or
neighboring activities that may not be hydraulic fracturing activities but may include other energy
related activities/industries hence some scales need to include a broad range of activities to
understand water use priorities and impacts.

Regional boundaries including relevant watersheds, critical populations (and projected human
population growth) are needed. Projected and current models for human interfaces are essential to
consider in answering this question. A broad consideration of use for agriculture and other future
land uses is needed. Note that the SAB discussed the new potentials for secondary uses of water
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that previously had been determined to be not possible (re-purposing concepts of poor quality water
now more popular with sustainability discussions). Scale and scope needs to include water
availability to include considerations of new concepts for uses in the future as well as our current
options.

It is essential to have the data and literature searches be broad based and thorough and that this
should inform the scales of assessment that are needed for point sources versus how this information
might fit into a bigger watershed discussion that is needed. These broader considerations must be
expansive and cross multiple state and regional boundaries.

Questions of “visibility” of water resources and impacts from fracturing activities require an
expansive basis for review of adequacy. The framing for this question needs to include definitions
for the following: “Visible” to whom, define impacts to local residents, neighboring towns, state
level, regional and national level and to what potential sensitive resources. The full range of human
and ecological impacts is needed to fully assess potential for impact as well as to track
longitudinally to identify lessons learned and to identify necessary continual improvement of best
practices. These concepts were not yet adequately framed or established in the report.

It is essential to determine the potential for impact by including linked models and assessments for
groundwater and surface water.

Critical to these discussions is the need to have the stakeholders at the table. It was less clear how
these discussions on scale, scope and data collected would include other governments such as Tribal
Nations in this decision process (see Appendix B for current Stakeholder and communication plan).
The report is less clear for formal interactions and joint problem identification and problem solving
with other nations and governmental agencies.

There is a lack of a clear formal data framework for the data coming in from retrospective and
prospective data on all levels, temporal, geographic and health impact. This reviewer had
information from the report and from the presentations to the SAB on what information was
planned for collection (or was already collected) and how that information might inform hazard
identification but minimal discussion of how this will go into an overall risk based decision
framework. This framework needs to be clarified and discussion at the workshop highlighted the
need to develop a framework that can incorporate all information not just that coming from the EPA
planned Service Company Analysis , FracFocus Analysis or from the Well File Review.

There was lots of discussion also by the public about what data should be collected and from what
experiences. A more open data framework could help be responsive to these offers to submit data
and identify information from sites for places not on the current analysis plan. This would also
help to cover areas that would appear to be less well covered. For example, it was noted that slide 5
of the presentation entitled “Chemical Mixing” clearly showed the large number of counties with
hydraulic fracturing activity. Subsequent slides showing areas covered by the wells entered into
FracFocus and by the Well File review were less well- covered for areas of the country like
Colorado and the Southwest.

Data use frameworks need to be able to visualize and synthesis the diverse information available in
both qualitative and quantitative manners. Bayesian based data frameworks might work to expand

69



Individual Comments from Members of Science Advisory Board Hydraulic Fracturing Research Advisory Panel on
EPA’s Progress Report: Potential Impacts of Hydraulic Fracturing on Drinking Water Resources — December 2012.
These comments do not represent SAB consensus comments nor EPA Policy.

the ability of the data analysis to incorporate other types of data. The concept of “nested case
control”” approaches to be borrowed from epidemiology could provide methods to consider
incomplete but informative case studies within a broader framing that now are not possible in the
current described data framing.

The required granularity of data needed for making decisions was not clear in many places. For
example, the agency needs to be more explicit in the framing of the data collection exercise within
the public health context within the “hazard identification” phase. This will help to frame the
decision structure to say whether the time (temporal) and spacial characteristics are adequate to
answer both short and long term health impacts. Collection of data is essential and many current
activities are underway or planned but the data collection activities needs to be framed within this
assessment frame for decisions.

The SAB discussed issues with water quality and emphasized several examples on the context of
background chemicals in determining adequacy of scope and scale. One example identified arsenic
and this is a good example of the potential for changes in water quality to impact water availability.
There is a need for EPA to consider the proposed As standards for cancer and non-cancer endpoints
which has identified a very large number of current US water supplies not being in compliance

with the potential to take additional water resources from these sites. The situation could be
magnified when additional water is taken and makes these situations even more out of compliance
with greater potential drivers for loss of water resources. Several other examples were given in the
SAB deliberations and this reviewer was very supportive of using such examples of “at-risk” or
“vulnerable resources” in defining the context for scale and evaluation. Currently there is not a
clear option on how to include “critical resources” and “vulnerable resource” in the scaling and
scoping phase. This needs to be an explicit series of factors that affect the decision structure.

Again, the issues of ecological impacts being excluded in such conversations points to a severe lack
in the structuring of the water problems. In defining vulnerable or sensitive resources it is important
to not forget vulnerable populations and ensure that the scope adequately assesses and protects both.

The discussion of sensitivity of water resources and sufficient quality will also impact many tribal
nations around the country not only for quality and quantity but for cultural and ecological
availability covered by broader concepts of water security. The example was given for sensitivities
in the South West and large nations such as the Navaho were mentioned. How their voices as
relevant governments are to be a part of these discussions was not evident in this report.
Availability of water for these broader concepts of water quality urgently needs to be considered.
Action plans to ensure their voices are heard as nations to nations were not evident from the
communication plans detailed in this report (Appendix B).

It is significant that in the glossary to the report that water quality is not defined.

Responses to Charge question 10: Assessing how spills or leaks may impact drinking water
resources. Please suggest ways for the EPA to use these or other data to more comprehensively
assess how spills or leaks may impact drinking water resources.

Several key factors need to be considered to answer this question. First, the composition and
amount of contaminants in the spills or leaks drive the potential to impact drinking water resources.
What toxic chemicals present and are they at levels that can cause health effects? What are the
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exposure scenarios that drive the answer to the exposure part of that question? Both the potency as
well as dose (maybe estimated via exposure assessment-modeling or biomonitoring) is required
knowledge. Of course we must know what we should be monitoring; hence composition of the
fluids is essential beginning information.

The next factors relate to the environmental fate and transfer of these contaminants in fluids.
Where, when and how fast will these compounds reach potential impact targets. How long they
will remain and will they be transformed into less or more toxic agents is also critical knowledge to
answer these questions. In the absence of information about the composition of the fluids used or
present in the wastewaters modeling can allow for predictive estimates however the resultant
estimates are usually upper bound estimates with high variable which makes subsequent
prioritization of activities very difficult. The impacts of each specific chemicals in isolation is
frequently determined in order to estimate the overall potential for the fluids to impact health
however due the large number of agents reported or currently suspected in these fluids the potential
for interaction is high and needs to be incorporated into the evaluation. Collection of more data is
almost always the key outcome from such modeling exercises and is essential in the absence of
actual information.

The identified factors driving these suggestions need to be integrated with site geological factors to
predict or score them in relationship to potential to transfer or persistent in that region under the
specific geologies. The potential to mobilize toxic chemicals that already maybe present at the site
(due to natural contamination as well as other historic activities) is a large area of uncertainty for
most of these sites. Such information, however if available, could be modeled and used to inform
future site activities, even in a proactive versus re-active way and could change predicted site
vulnerabilities.

These first factors can initially be predicted from the contaminates listed in the Appendixes however
these predictions will be very limited without additional information on the contaminant levels and
diversity of fracturing fluids over time. It is essential and unbelievable that the exact composition of
these fluids is not required knowledge. The claims of commercial confidential business
information is inadequate given that federal and local regional offices have many other successful
experiences with dealing with confidential information (Appendix A for list of chemicals). This
must be a part of a permitting process as it affects so many of the interrelated issues that EPA and
the nation must face in these activities. This affects our planned responses to spills, our siting of
activities, our comparisons with other competing water needs/uses and our ability to identify
vulnerabilities in the locations under consideration for hydraulic fracturing activities.

The list of specific and generic chemicals reported to be in hydraulic fracturing fluids is given in
Appendix A in Tables Al and A2 are lists of specific and generic chemicals reported in fluids as
well as chemicals detected and properties identified in fracturing fluid wastewater (A3 and A4).
These lists contain chemicals with known carcinogenic and non-carcinogenic toxicological
properties; therefore obtaining the actual contents of these fluids and the amounts that are present is
essential and a critical component in answering the questions of potential for spills to have impacts
and in ensuring adequate response measures are in place for when spills do occur. Both the
chemicals and their amounts are needed to do even the most basic modeling. These are complex
mixtures and multiple mixtures which even highlight more the importance of knowing the

71



Individual Comments from Members of Science Advisory Board Hydraulic Fracturing Research Advisory Panel on
EPA’s Progress Report: Potential Impacts of Hydraulic Fracturing on Drinking Water Resources — December 2012.
These comments do not represent SAB consensus comments nor EPA Policy.

compositions as mixtures can have the strong potential for interactions that could both over predict
but also severely under predict the potential toxicity of these fluids. In summary it is essential that
this information be obtained. Calculation of potential health impacts in the absence of such
information would by necessity be conducted to protect public health and could be based on both
over as well as under estimates of potential risk. The value and need for actual information on
contents cannot be overemphasized.

Additional approaches for assessing potential for spills to impact human health is to conduct a
“bottom-up” type of assessment where “bounding levels of hazardous chemicals” is set by reverse
modeling spill scenarios to set upper limits on acceptable agents from exposure assessments. This
is less desirable however has been successfully applied in situations of concern where data is
especially limited.

The report discusses the availability of additional information on spill data described in the report.
Both QAPP and QMP describe access to information however in the discussion at the SAP it was
evident that post-hoc modeling and estimation is difficult to use for extrapolation to other situations.
It is necessary as EPA has described to use this information to inform our deliberations on what to
expect during operations and how retrospectively these operations have actually worked however
unevenness in reporting, tracking and differences in state versus national coverage make some of
these data bases of limited utility. Also issues of lack of source attribution information also make
spill analysis complicated. These factors only emphasize the need for the broader data collection
framework that is discussed elsewhere in this report. This reviewer was also concerned that many
types of related spills and spill information were outside the scope. This is listed on slide 13 from
the “Flowback and Produced Water” presentation. This would also include but should not, air
release and monitoring data. Again the emphasis should be on developing flexible databases that
could include not exclude such information.

Responses to Charge Question 6: Criteria for Indicator Chemicals. What criteria should be
considered when identifying indicator chemicals, and why?

First of all this review feels very strongly that given the volume and frequency and visibility of
fracturing activities that both a set battery of prescribed tracer chemicals for fingerprinting and a set
battery of indicator chemicals should be designated by the Federal agencies to ensure that
environmental fate and transport of these fluids is able to be characterized and attribution and
traceability is possible across sites, states and regions.

The question of what criteria are needed for indicator chemicals is intimately related to the
questions that the agency needs to answer. For environmental fate and transport the agency needs to
have a set of chemicals (preferably ones that may already be in the fracturing fluid at a known
concentration) that have components that reflect the persistence and chemical spectrum of agents
such as lipid or water solubility. It also must reflect the characteristics of the persistence of the
agents. Table 45 emphasizes the criteria of frequency of use and that also would be useful. Some
toxicity information is given in this table and is of significance as it will help to identify and
potentially characterize the scale and type of health issues we may be assessing however this is
where consideration of the distinction of indicator versus tracer chemicals is needed.
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EPA must address the issues of chemicals mobilized from the fracturing activities and not added as
a part of the fracturing liquids. To do this site information is needed which is informed by potential
chemicals of concern present in the region either naturally or by past/other current activities. It
should also be informed by the chemistry of potential co-mobilizers present in the fluids, i.e. does it
bring other chemicals of concern with it in a mixture situation. Important considerations relevant
for source apportionment research are given in the report and this reviewer was appreciative of these
details and considerations.

Table 26 should explicitly state that health criteria would be used in the selection of the appropriate
method i.e. level of detection and quantification would be selected that would have sufficiently
robust to answer health risk questions of concern for both the human and ecological health impacts.

Responses to Charge Question 7 - Subsurface Fluid Migration Scenarios: Given that hydraulic
fracturing occurs at different depths and in different types of rock formations, please comment
on how to best use results from these simulations to answer the research questions listed in Table
26 (page 62) of EPA’s Progress Report.

The panel had extensive discussion on the parameters and data bases used to inform the model that
would be sued in the scenarios listed in the document in section 4. There was a robust discussion
and large number of clarifying question and discussion before reaching the lead discussant
questions. This indicated that even for the technical stakeholder community, more details were
needed. As a biologist who does biologically based modeling | would like to emphasize the need
for adding some detailed tables in an on-line appendix that explicitly lists the model parameters, the
range of initial values used for the parameter and then link that with the databases that will be used
to inform the parameters and distributions used .  This could help in the external comprehension of
the models that will be used and applied. It also could put an important context on the databases
that are needed. This would also support the call for data that EPA put out earlier.

More information on the model and these parameters could also help to match expectations with the
anticipated model outcomes. Explicit information on what will and will not be modeled is
necessary to ensure that the public and stakeholders understand what will and will not be able to be
included in the models.

Other important aspects of these modeling scenarios is the need for sensitivity analysis to drive
“Value of information” exercises where the critical parameters that drive the outcomes are modeled
and data requests are targeted to those needs. Please be explicit in how and when such analyses will
be conducted.

Additional Points for Clarification

Risk Communication—

The SAB heard many points from the public on the challenges in how the agencies and scientists
provide highly technical information to the public especially as it relates to the scenario testing and
results. It is important that these requests are heard, that two way dialog is established and not just
one-way updates or reports. Based on experiences in Community Based Participatory Research
efforts, 1 am always amazed on the wealth of information from stakeholders and affected parties can
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bring to the discussions. | would encourage the agency to expand these dialogs via partnerships.
The stakeholders that testified during the open sessions identified many additional sites with study
cases and lessons learned that go beyond those chosen by EPA but which could be very informative
if a more flexible and broad based data system was established. This system must be flexible
enough to use many different types and source of information. See earlier comments on open data
frameworks that should be established to ensure open access and transparency in knowing what
information was collected and considered in making reports and suggestions. These data sets much
be made available as open source information on the case studies and experiences.

The NAS has an extensive set of reference materials that can significantly impact how we think
about transferring and communicating technical information (National Research Council (U.S.) and
Committee on Risk Perception and Communication (1989). Improving Risk Communication.
Washington, D.C., National Academy Press and National Research Council (U.S.). Committee on
Risk Perception and Communication. 1989. "Improving risk communication”. National Academy
Press: Washington, D.C.). 1 also briefly mentioned work that we had done with the League of
Women Voters as an example on how to obtain stakeholder input on technical issues such as
transporting high level radioactive wastes and these approaches could be useful for helping to frame
and illustrate ways to transfer technical information in stakeholder dialogues ( Drew et al, 2003).
Lessons learned from Superfund experiences and other DOE experiences would be very valuable to
access.

EPA Partnerships for Hydraulic Fracturing Research

Although the EPA identified clear partnerships and interactions across agencies some relationships
with large relevant agencies had little information. For example, the importance of working with
US DOE as well as the current established connections with USGS would seem to be critical to
establish and delineate in text.

Role of other agencies

No details on how interactions with relevant agencies such as Department of Energy is given yet
this relationship and joint needs and efforts seems to be called for.

International resources and experiences—Where was this in the review of information? This should
be added or at least specific references made to these experiences and lessons learned.

Within agency notes

Many of the review information given in the report would call for a “green chemistry” and
“sustainability focus” yet the report is surprisingly silent on this important context for fracking
efforts. Numerous times there were comments made that said that the industry is improving
practices but it was unclear to this review the total number scope and scale of these efforts. 1 would
suggest keeping such a log and maybe moving to best practices or green award when substantial
sustained efforts are made to “re-design” this rapidly evolving industry. This would seem to be in
the spirit of EPA’s approaches for air and also move to a technology forcing approach rather than
BAT or less than BAT current application. Note that only one scenario for an overall green
chemistry approach was incorporated but this reviewer would see this a multiple layers, options etc.
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COMMENTS FROM MR. JOHN V. FONTANA

Charge Question 1: Spatial and Temporal Scales for Water Quality Analysis: What spatial
and temporal scales should be considered for this analysis to best characterize the impacts, if
any, on the quality of water used as a source of drinking water?

Charge Question 2: Water Quality Characteristics: Please identify the most important water
quality characteristics that should be considered.

Standard major anions and cations should always be measured along with reporting the anion-
cation balance to as a QC cross check of accuracy. (The balance should be 100% +/- reasonable
lab error.) This information can always be used to identify aquifer types/fingerprints and mixing
of confined aquifers, recharging, etc.

Methane: Though not toxic, it is hazardous when it exsolves in a confined space. Methane is
commonly reported as non-detected in many studies and then this data is translated into a
statement such as “xx% of the water wells in this area contained detectable methane.” The main
problem with these statements is that there is no EPA promulgated methane analysis method
(such as in SW846 or the Drinking Water method). Some EPA lab Standard Operating
Procedures (SOPs) are commonly used as “methods.” Commonly used is the Robert S. Kerr
labs’s RSK-175 “method” which is actually an SOP, not a method. This method was designed
for measuring natural attenuation parameters related to remediation, not for dissolved natural gas
analysis. As a result, detection limits utilized by various labs are variable over several orders of
magnitude. This means that a statement as mentioned above about a percentage of wells
containing methane is very inaccurate because this detection limit varies by orders of magnitudes
from different labs, and these statements are made often in the literature. Take this into
consideration in reviews regarding methane in wells. It would be recommended that the EPA
developes an SW846 or similar regulated method for analysis of methane that takes into
consideration sampling protocol and especially sampling under saturated conditions and
capturing samples, bringing them to the surface where they become supersaturated due to lower
pressures. Sampling for methane is not consistent among practitioners due and can result in
significant errors due to its ability to rapidly exsolve from solution when exposed to air.

Ethane, Propane, Butanes, Pentanes, etc., are all indicative of thermogenic hydrocarbons and
along with their isotopic compositions (d13C and dD) can be used to correlated escaped gases
with reservoir gases. The many potential mechanisms of altering these compositions and
isotopic values including mixing, microbial and migration fractionation should be considered in
the interpretation of this data.
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Charge Question 3: Water Availability: What spatial and temporal scales should be
considered for this analysis to best characterize the impacts, if any, on the availability of water
used as a source of drinking water?

Charge Question 4: Fluid Composition and Potential Impacts to Drinking Water
Resources:

Given the data sets available, what information on fluid composition, factors affecting
composition, and/or trends in composition of hydraulic fracturing fluids may be most useful for
identifying potential impacts to drinking water resources across the United States?

Tracking the escape of reservoir fluids and gases after hydraulic fracturing would be the more
likely be the best way to determine impacts to drinking water resources. Especially in the case of
oil/condensate reservoirs and highly saline waters, these compounds are more likely to be
traceable and show impacts before the fracturing fluids do which rapidly become diluted in the
reservoir and after escape.

This must be distinguished from natural mixing due to geologic, hydrogeologic and historical
drilling conditions in areas such as Pennsylvania where extensive sampling has occurred and is
showing what appears to be natural mixing lines on compositional studies of >10,000’s of
samples that have been collected by some operator’s consultants. (Several recent presentations
on this topic at the May 2013 AAPG Conference in Pittsburgh, and at recent Stray Gas
Conferences by the Ground Water Protection Council that also announced upcoming
publications of these data.)

Charge Question 5: Historical Changes and Current Trends in Fluid Composition: What
key historical changes or current trends, if any, in hydraulic fracturing fluid composition should
be considered as the EPA assesses the chemicals listed in Appendix A of EPA’s Progress
Report?

The EPA should examine the rapid changes of chemicals used and now being used and future
trends towards greener chemicals.

The sources list in Appendix A should be reviewed to determine if this many chemicals are truly
used in the fluids. Some public comments noted that some of the sources were more general lists
from all drilling operations and not specific to hydraulic fracturing.

The focus should be on chemicals that would be of concern (hazard) if released and should
include the question if they are injected at significant contractions, or not, that would potentially
be in a problem if released, or not. If the chemicals are toxic, but not at the concentrations used,
this should be carefully noted and less effort on researching these chemicals. If the chemicals
are mixed on site, then consideration of spills of the concentrated ingredients should be
considered if they could have toxic effects.
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Ideally, some chemicals will be found to be stable enough and concentrated enough and usable
as tracers to determine if the fracturing fluids have escaped into groundwater from the fracturing
processes.

Charge Question 6: Indicator Chemicals: What criteria should be considered when
identifying indicator chemicals, and why?

They should be the chemicals found in high enough concentrations in the fracturing fluid that are
unique to the environment and can be clearly linked to the injected fluids. They should be
present in high enough concentration in the fluid so that dilution does not render them useless as
a tracer.

Charge Question 7: Subsurface Fluid Migration Scenarios: Given that hydraulic fracturing
occurs at different depths and in different types of rock formations, please comment on how to
best use results from these simulations to answer the research questions listed in Table 26 (page
62) of EPA’s Progress Report.

Charge Question 8: Effectiveness of Well Construction and Operation Practices: Please
comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water resources.

I would ask the question and be sure that all operators keep all of their well information about a
certain well in a “well file.” For example, in Colorado, since spills and accidents are reported to
the state oil and gas commission, and they are reported by the wells API or Identification
number, it makes sense that all of these activities are all kept in a well file. 1 am not sure if this
is true in all states and the EPA should inquire with operators and make sure that some do not
maintain separate “spill files” for non-things they might not think go in there well files if it is not
reportable to the same agency.

Petrophysical well logs (electrical logs) are very sophisticated tools and have advanced
significantly in the recent decade. A limited set of these tools are now incorporated in the
drilling string and are collecting data during the drilling of the hole, known as measurement
while drilling (MWD). This is one of the improved technologies that has enabled horizontal and
directional drilling to progress and create these new unconventional resource plays.

Many types of well logs can only be used in open holes after drilling is completed and before the
casing and cement is installed.

Some of the types of well logs are not included in the lists above. Combinations of logs are also
processed to provide synthetic logs of rock types and borehole images that can reflect
information such as natural fracture orientation patterns and the location of faults. The EPA
should be aware in its study that operators seek out information regarding faults intersecting a
wellbore that is to be hydraulically fractured because these weaker zones become an energy drain
on the fracture process and render the fracturing process ineffective. Therefore, there should be
information identifying where these faults where identified in the well files and if they affected
the hydraulic fracturing in that well. There is also a lot of work being done using petrophysical
logs to assist in the identification of the rock mechanics.
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Petrophysical well logs found in well files require significant experience (of a petrophysicist) to
interpret there general meaning as well as potential indicators of problems. If EPA is
interpreting data from this data, they should insure that people with significant industry
experience in the interpretation of these various well logs and well information are used
reviewing appropriate data. The same goes for most drilling records and documentation. An
experienced drilling or petroleum engineer, well site geologist, petrophysicist, is more likely to
detect important issues found in well files than environmental scientists or chemists. If the EPA
is instead looking for already interpreted data that has been gathered from these logs and records,
this type of information may not be in individual well files. Well log data and other data from
many different wells can be used in an area or region to create interpretive data sets such as cross
sections, rock mechanics, fracture and fault patterns on a regional scale.

Petrophysical logs can also identify potential significant yet non-commercial gas deposits in
shallow zones between the deeper HF target and ground water intervals. If these zones are left
uncemented, they could potentially communicate with shallower zones. Again, these logs are
not always run through the shallow intervals.

Cement logs are used to determine contact between casing and cement, and require again
someone with sufficient experience to interpret these logs.

Noise/Audio and temperature survey logs are used to identify leaks and flows behind or between
casing and can detect movement in any of these areas. Generally these are only run when a
problem is suspected, such as pressure in the Braden head or other pressure test failures. These
methods have become more sophisticated recently using sound frequencies to characterize the
types of leaks or type of gas or fluid movement and are done with the casing under varied
pressure conditions to aid in interpretation. These surveys can indicate vertical communication
between formations or between sets of casing of gases and fluids flowing between different
pressure regimes. This would not necessarily identify a leak to ground water since this would
generally require a longer migration path, but such pathways could potentially be identified by
these methods.

Braden head pressures should be included in the list of extracted data. This is not the same as a
casing pressure test but instead measures pressure and potential gas/fluid accumulating between
surface casing and production casing and potentially other intermediate casing strings.

NOTE: Some have suggested cementing casings from total depth to surface. While this should
be done through certain casing strings to seal off zones that could create cross communication of
fluids between zones, this also removes the ability to test braden heads between casing strings
which can be a good indicated of a problem at depth, leaving the problem potentially
undiscovered for a longer period of time.

There is a rapidly growing science and engineering practice developing around well integrity
investigations that include some of these logging tools above and methods such as casing leak-
off and pressure build up testing. These tests differ from single point pressure measurements in
that they measure pressure changes over a continuously using data loggers over time. Casing
integrity can be measured with a combination of these tools (cement, noise and temperature logs,
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pressure testing, etc.) The methods cannot always detect in a release or impact to ground water
because many of these leaks can be between intermediate strings of surface casing and still never
leak out or migrate up into the freshwater aquifers. However, the engineering and science of
these methods has come far enough to determine that casing integrity can be determined and if
its not leaking, the casing cannot be the source of a suspected ground water impact.

Mud logs are will vary greatly in the amount of detail provided. In simplest form they are a
visual description of the visual geology oil shows observed in the drill cuttings, drilling rate, and
gas detected in the drilling mud. They generally include some other drilling parameters. Some
of the data collected varies in quality due to conditions that make interpretation of the geology
difficult, such has hole slough while drilling. In more sophisticated horizontal drilling
operations, mudlogs are also likely to contain more engineering data incorporated into the
mudlog. Things like mud additives are more likely found in drillers records or the Mud
Engineer’s records. Sometimes mudlogs can give clues to things like a fault zone taking mud
(loss circulation.) Lag time for cutting and gas returns are monitored which can indicate when a
holes is becoming washed out or experiencing excessive sloughing. These clues may be found
in only subtle comments by the logging geologist. Gas detections in zones other than the target
formation, such as shallow coal zones or non-commercial gas bearing sands, can provide
information on potential issues of gas migration from zones other than the target if these zones
are not sealed properly behind cement and casing.

Often mudlogging is not conducted until after drilling installing the surface casing through the
fresh water aquifers, and this type data is not available for these shallow depths and possibly
much of the upper hole if there is no concern for collecting that data. Petrophysical logs may
not be run in the shallow zones either. Some operators are starting to implement shallow logging
to capture information such as gas bearing shallow coals in the zones behind surface casing. |
am not sure if the limited sampling being done by the EPA will capture such areas and would ask
the statisticians on the SAB to comment on the validity of the method used to select these well
files. The

Records of the hydraulic fracturing operation could indicate problems that occurred during the

operation, which might indicate a loss of energy from connection with faults, or poor casing
seals.
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COMMENTS FROM DR. DANIEL J. GOODE

EPA charge questions and draft written answers and comments by Daniel J. Goode. Format here
is text of EPA’s formal charge questions to Panel, with response inserted after each question. At
the end | have other comments not directly related to the charge questions from EPA to the
panel.

Water Acquisition

1. Water Quality. As described in Section 3.1, the EPA is gathering information on the volumes
and sources of water used for hydraulic fracturing (including recycling efforts) and will use this
information to review published literature to assess whether these types of water withdrawals
may impact local water quality.

a. What spatial and temporal scales should be considered for this analysis to best
characterize the impacts, if any, on the quality of water used as a source of drinking water?

The scale of analysis should be commensurate with changes in water quality actually observed
and considered potentially caused by HF (or other?) water acquisition, from data available. The
Well File Review (WFR) project should provide information about changes in water quality
experienced by operators and drillers, if any. The primary impact on surface water will likely be
reduced flow, and hence reduced dilution of existing contaminants. These water-quality changes
may lead to other impacts, such as increase in pathogens. For groundwater impacts, localized and
short term groundwater depletion may lead to water quality changes as flowpaths are modified,
and as previously saturated zones become dewatered. For example, water table decline may lead
to exsolution of gases near the water table.

Public comment by Stephanie Meadows suggests diverse range of spatial and temporal scales for
analysis “to ensure an appropriate level of context is provided to the public.”

b. Please identify the most important water quality characteristics that should be
considered.

For streams, issue is important in already impacted streams where QW may worsen with
depletion of flow by HF. Bacterial contaminants should be included, as these agents may change
due to changes in stream ecology. Identify QW concerns that pre-exist HF, and measure these
parameters to identify changes due to HF withdrawals. This is fundamentally distinct from the
list of parameters that reflect contamination by HF spills and migration, etc.

For Groundwater, perhaps focus on gases in water near the water table, and also in the gas phase
above the water table.
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2. Water Availability. Section 4.3 describes research to evaluate the extent to which water
withdrawals may affect the short- and long-term availability of water in areas where hydraulic
fracturing is conducted. The EPA is modeling two different areas of the country with three
different future scenarios to examine how the availability of water resources, the characteristics
of oil- and gas-containing formations, the level of hydraulic fracturing well deployment and
hydraulic fracturing management activities may impact water availability. The watershed
modeling is being conducted in the Susquehanna River Basin in the eastern United States and in
the Upper Colorado River Basin in the western United States.

What spatial and temporal scales should be considered for this analysis to best characterize
the impacts, if any, on the availability of water used as a source of drinking water?

Watershed modeling should be conducted at temporal and spatial scales consistent with the
scales of historic water use for HF, and at scales that allow realistic, physically-based simulation
of important hydrological processes in the study area. Fine-scale results can be aggregated for
reporting at larger temporal and spatial scales. However, results at the computational scale
should be provided for transparency and examination of localized impacts.

On Spatial Scale: Historic and planned withdrawals from headwater streams, and past
occurrences when withdrawals have been suspended by regulators
[http://www.srbc.net/newsroom/NewsRelease.aspx?NewsReleaselD=63], suggest that the
HUC10 watershed delineation may be an inadequate scale at which to simulate and predict
impacts of HF withdrawals. The available smaller scale HUC12 watershed delineation may be a
more appropriate scale for simulation of water availability in HF withdrawal areas.

On Temporal Scale: In order to allow realistic, physically-based simulation of relevant
hydrological processes at appropriate spatial scales, simulation time steps should be daily or
smaller. Some processes may require sub-daily time steps, if important, such as snowmelt.

The additional effort required for finer scale simulation may be offset by focusing the simulation
effort on time periods likely to exhibit water availability impacts, often late summer and early
fall. Likewise, the simulation can focus on areas of watersheds with large withdrawals for HF,
and de-emphasize lower sections of watersheds with no or small withdrawals for HF.

Public comments by Lynn Thorp stressed the importance of water availability in areas of
drought, supporting models that focus on drought periods and areas.

Public comment by Stephanie Meadows said “scenario models must consider the existing
regulatory structure”, supporting the use of previous regulatory actions (suspension of water
acquisition) as important features to consider in modeling. The commentor also suggested using
a diverse range of spatial and temporal scales, supporting the recommended provision of model
output at the scales simulated for the public, and aggregating these results for appropriate
summaries.

Conducting these simulations at finer scale will also be more consistent with anticipated data
collected from the Retrospective Case Studies and Well File Review, and thus allow better use of
the data in calibration, verification, and use in constructing and testing the conceptual models.
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As part of my review to understand and evaluate the spatial and temporal scales of the water
availability modeling, I requested copies of two documents that were cited on page 93 of the
progress report, but which were not in the reference list. | was not been able to locate these
documents on the web. From the progress report page 93:

The interim progress report “Development and Evaluation of Baseline and Current
Conditions for the Susquehanna River Basin,” received on June 19, 2012, was found to
be concise but detailed enough to meet the QA requirements, as expressed in the QAPP,
its revision, and the contract modification/technical directive. The same was true for the
interim progress report “Impact of Water Use and Hydro-Fracking on the Hydrology of
the Upper Colorado River Basin,” submitted on July 2, 2012.

EPA did not provide these two reports to me for my review for this panel, despite the fact that
they were more than 10 months old, and were cited in the progress report. This omission has
limited the level of detail of my response to this charge question.

Chemical Mixing

The EPA is assessing whether on-site spills and leaks of hydraulic fracturing fluid may impact
drinking water resources by examining data found in state spill databases and compiling
information on chemicals used in hydraulic fracturing fluids. Appendix A lists approximately
1,000 chemicals reportedly used in hydraulic fracturing fluids between 2005 and 2012.

1. The composition of hydraulic fracturing fluids is dependent on location- and well-specific
factors (e.g., well depth and length, geologic properties), which leads to variability in the identity
and volumes of chemicals used for hydraulic fracturing. Information on fluid composition is
being gathered as part of the service company data analysis (Section 3.3), well file review
(Section 3.4), and FracFocus analysis (Section 3.5). The service company data analysis is
expected to provide general information about the types and composition of fluids used by nine
companies across the country (see pages 41-42 for a more detailed description of the type of
information available). In contrast, both the well file review and the FracFocus analysis are
expected to provide well-specific information on chemicals used for hydraulic fracturing (see
pages 53 and 60, respectively).

a. Given the data sets available, what information on fluid composition, factors affecting
composition, and/or trends in composition of hydraulic fracturing fluids4 may be most
useful for identifying potential impacts to drinking water resources across the United
States?

The Well File Review project is important in identifying trends in HF fluids, but those data may
not be timely (2009-2010).

b. What key historical changes or current trends, if any, in hydraulic fracturing fluid
composition should be considered as the EPA assesses the chemicals listed in Appendix A?

No response.
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2. In response to stakeholder suggestions, the EPA is considering whether a subset of the
chemicals listed in Appendix A or other hydraulic fracturing-related chemicals could be
identified as hydraulic fracturing “indicator” chemicals. In this case, the EPA defines an
“indicator chemical” as a chemical already present in hydraulic fracturing fluids or wastewater
and not a chemical that is added to track fluid migration.

What criteria should be considered when identifying indicator chemicals, and why?

I suggest addition of unique tracers in all HF, in order to help distinguish HF effects from other
potential sources of contamination, etc. The effort to identify indicators based on past, existing,
and future HF chemical composition should continue because past and current HF without
tracers, and the potential for incomplete use in the future. Public comments included suggestion
to add an “odorizer” to HF fluids (Dave Cowan), and use of boron isotopes as tracers (Glenn
Miller).

Well Injection

Research underway for this water cycle stage is focused on identifying conditions that may be
associated with the subsurface migration of gases and fluids to drinking water resources through
man-made (e.g., production wells or induced fractures) or natural pathways (e.g., natural faults
or fractures).

1. Lawrence Berkeley National Laboratory, in consultation with the EPA, is conducting
numerical modeling of six possible subsurface fluid migration scenarios (page 63 and Figures
14-19). The scenarios are modeled after the Marcellus Shale, a deep, low-permeability formation
where horizontal drilling and hydraulic fracturing are used to release natural gas. This approach
is being used to evaluate mechanisms by which it may be physically possible for upward
migration of fluids, including gases, to occur; identify factors (e.g., permeability, formation
pressure, injection pressure, etc.) that affect fluid transport; and assess potential impacts on
drinking water aquifers in cases of fluid migration.

Given that hydraulic fracturing occurs at different depths and in different types of rock
formations, please comment on how to best use results from these simulations to answer the
research questions listed in Table 26 (page 62).

The best use of results from subsurface migration simulations would be in identifying critical
information needed from operators and drillers (and other sources) in order to predict possibility
of migration of HF fluids to drinking water sources. Depending on project results, such
information could include locations of abandoned wells, existing faults, known brine migration,
and existing shallow methane hotspots, in addition to details on well and casing construction, and
remote sensing measurements of 3D volumes of rock hydraulically fractured.

Additional use recommended for visualization of HF processes — 3D animations are powerful
tools for improving understanding of complex processes during HF.

Clean Water Action public comments stressed that more information about possible impacts of
HF on groundwater via subsurface migration is needed.
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2. For this study, the phrase “well integrity” is used to describe the extent to which an oil and gas
production well isolates the wellbore from surrounding geologic strata (and vice versa) and is
dependent on well construction and operation practices. The EPA’s study is assessing the
effectiveness of current well construction practices through the well file review (Section 3.4),
subsurface migration modeling studies (Section 4.1) and retrospective case studies (Chapter 7).
As part of the well file review, the EPA asked oil and gas operators for information on well
construction and operation practices, including:

* Daily drilling and completion records describing the day-by-day account and detail of drilling
and completion activities

» Mud logs displaying shows of gas or oil, losses of circulation, drilling breaks, gas kicks, mud
weights, and chemical additives used

» Caliper, density, resistivity, sonic, spontaneous potential, and gamma logs

» Casing tallies, including the number, grade, and weight of casing joints installed

» Cementing records for each casing string, which are expected to include the type of cement
used, cement yield, and wait-on-cement times

» Cement bond logs, including the surface pressure during each logging run, and cement
evaluation logs, radioactive tracer logs or temperature logs, if available

* Pressure testing results of installed casing

* Up-to-date wellbore diagram

Section 3.4.4 briefly describes the data set and the types of results the EPA expects to produce
from the information described above. The results may then be used to identify construction and
operation practices that could lead to impacts on drinking water resources.

Please comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water
resources.

The WFR is important in all five of the primary research questions of the study. EPA should
devote more of its study resources to this project, and perhaps request additional resources for
this effort.

Data from the Well File Review project is critical for correlation with available monitoring and
spill data as a way of determining if any practices or parameters are correlated with failure (or
success).

Based on the draft progress report, EPA is actually examining only 333 of the files out of the
more than 24,000 available for the Well File Review (WFR). The “other way” that this
information can be used is to expand the number of wells examined in detail, which would
provide a more robust research result that affects many components of EPA’s study.

The WFR project should be expanded to include well files from Las Animas and Huerfano
Counties in Colorado, and Bradford and Susquehanna Counties in Pennsylvania. Of the 5 case
studies, 2 are not included in the Well File Review research project: a) Las Animas and Huerfano
Counties, Colorado, and b) Bradford County, Pennsylvania. Bradford County is also one of the
watershed modeling focus counties in the Susquehanna watershed. The other focus county in that
watershed, Susquehanna County, is also not included in the Well File Review. The integration of
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the WFR information with the Retrospective Case Studies and Water Availability Modeling will
allow the findings in each to be correlated with related information from the other, and this
synergy is a unique opportunity of the EPA study.

The WFR represents a unique opportunity for the nation in collecting and organizing actual data
and information on HF. The scope of this project should be expanded from the 330-350 well files
currently considered to include more of the more than 24,000 well files that are available from
operators and service companies included in the study. As noted above, this expansion should
include well files from four additional counties that were not represented in the 330-350 dataset.

Many of the public commenters suggest including two additional sites as Retrospective Cases
Studies, and this inclusion could be strengthened by including these sites in the Well File Review
as well.

Public commenter Thomas Jackson stressed that the best evidence for the possibility of
subsurface migration from well injection is available information on actual field performance to
date, and cited a USGS study of groundwater quality in Arkansas (USGS SIR 2012-5273).

Flowback and Produced Water

The EPA is assessing whether on-site spills and leaks of flowback and produced water
(collectively referred to as “hydraulic fracturing wastewater”) from handling and storage may
impact drinking water resources by compiling information on the composition of this wastewater
and examining data found in state spill databases.

1. Appendix A lists chemicals detected in flowback and produced water (Tables A-3 and A-4).
Sources of this information include reports from the New York State Department of
Environmental Conservation and the Marcellus Shale Coalition as well as data found in well
files. The composition of hydraulic fracturing wastewater, however, is reported to vary across the
United States.

Please identify specific data or literature on the composition of flowback and produced
water in other areas of the country.

Information from the Well File Review project is critical to this topic. As noted above, the WFR
should be expanded to include more wells and additional locations.

2. Spills and leaks of hydraulic fracturing wastewater are being considered as potential sources
of drinking water contamination at two retrospective case study locations, in Washington
County, Pennsylvania, and Wise County, Texas (Sections 7.5 and 7.6, respectively). Results
from these case studies may provide limited information on how spills or leaks may impact
drinking water resources. To gain a better understanding of hydraulic fracturing-related spills,
spill data are being compiled from selected state and federal databases, including Colorado, New
Mexico, Pennsylvania, Texas, Wyoming, and the National Response Center (Section 3.2). These
data will be combined with spill information submitted by oil and gas operators (Section 3.4) and
hydraulic fracturing service companies (Section 3.3) to create a reference table of hydraulic
fracturing-related spills. The reference table will be analyzed for trends in the causes and
volumes of hydraulic-fracturing related spills. In most cases, spill information found in the
databases does not indicate whether or not reported spills impacted drinking water resources.
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Please suggest ways for the EPA to use these or other data to more comprehensively assess
how spills or leaks may impact drinking water resources.

Information from the Well File Review project is critical to this topic. As noted above, the WFR
should be expanded to include more wells and additional locations, including Retrospective Case
Study counties. EPA should specifically request groundwater and surface water monitoring data
from operators and agencies and compile this data for use by public and other researchers (not
clear from report or presentation if this is being done).

Wastewater Treatment and Waste Disposal

In some areas of the country, hydraulic fracturing wastewater may be treated at publicly owned
treatment works or centralized waste treatment facilities prior to discharge to surface waters.
This provides an opportunity for chemicals in the effluent to be transported downstream to public
water supply intakes. To evaluate the potential for chemicals that reach these intakes to impact
drinking water quality, the EPA is investigating the efficacy of common wastewater treatment
processes at removing selected components of flowback and produced water.

1. Hydraulic fracturing wastewater contains a mixture of chemicals injected as part of the
fracturing fluid and chemicals present in the oil and gas producing formation (e.g., hydrocarbons,
brines). The complex matrix associated with hydraulic fracturing wastewater often makes
identifying and quantifying chemicals difficult. The EPA is currently able to detect and quantify
selected anions, cations, and metals in the wastewater and is considering modifying analytical
methods for detecting selected organics in the wastewater (Section 5.4).

Please provide recommendations for other specific chemicals that are of interest from a
wastewater treatment and/or drinking water treatment perspective.

No response.

2. Treatment, disposal and recycling practices for hydraulic fracturing wastewater are rapidly
changing. Oil and gas producers are accelerating efforts to reuse and recycle hydraulic fracturing
wastewater in some regions in order to decrease costs associated with procuring fresh water
supplies, wastewater transportation, and offsite treatment and disposal. These changes may have
implications for wastewater treatment and disposal through publicly owned treatment works or
centralized waste treatment facilities that discharged treated wastewater to surface waters. For
example, recycling may decrease the volume of wastewater being sent to wastewater treatment
facilities, but may also create more concentrated waste streams.

What key trends in wastewater management, if any, may affect the volume and/or
composition

of hydraulic fracturing wastewater being treated and discharged to surface water?

No response.
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Other comments on study

Prospective Case Studies are missing from EPA’s study. This was a major recommendation of
the Study Plan SAB Panel. This remains a major limitation of the study.

Assessment of water availability impacts to groundwater should not be limited to impact on
groundwater recharge. Groundwater depletion, and its impacts on water levels in nearby
production wells, and possibly on groundwater quality, could be important in some localized
areas, and during short-term periods, of large withdrawals.

Clearly define “consumptive use”. Proportion of “consumptive use” represented by HF is usually
much larger than proportion of “use” or “total withdrawals” for HF, due to the relatively high
percentage of HF water use that is “consumptive”. | recommend using USGS Water Use report
(2005) definition; other definitions are available.

Predicted climate change is not explicitly included in future scenarios in water availability
modeling. Climate change may especially important in western arid and semi-arid areas of HF.

EPA is encouraged to use the 2006 land use data in water availability modeling. The water
availability modeling is being done with 2001 (version 1 or 2?) land use dataset. The 2006 land
use dataset is now available [http://www.mrlc.gov/nlcd06_data.php]. The Multi-Resolution Land
Characteristics Consortium (the multi-federal-agency group that publishes land use data)
indicates that as part of the release of the 2006 data, impervious surface in the 2001 data was
corrected, and 2001 version 2.0 was issued [http://www.mrlc.gov/nlcd01_data.php].

I am told that some operators/drillers in Pennsylvania measured streamflow or stream stage at
withdrawal locations, and provided the data to the Pennsylvania Dept. of Environmental
Protection. These data could be very useful in watershed model development, and provide real
world information on cases when (and where) HF water acquisition was constrained by water
availability (for example, in July-August 2011 in Bradford County, Susquehanna County, and
other areas).

For all modeling studies, EPA should provide all digital source code, executables, input, output,
for public use and review. EPA indicated this would be done at the panel meeting. USGS GW
model archive available as template [http://water.usgs.gov/admin/memo/GW/gw11.01.html]
(confirm this memo available on public web).

EPA should manage expectations of modeling parts of study. For the subsurface migration
modeling, many of the capabilities of the models presented during the panel are not actually
being used for the study simulations. Discussion of these capabilities during the panel may give
some the impression that these capabilities will be used. Not meeting these incorrect expectations
can be avoided by clearly indicating what model processes are included, and perhaps which ones
are not, in this study.
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I commend EPA for working with DOE’s Lawrence Berkeley Laboratory (LBL), a national
resource with special capabilities in this subject area, to conduct subsurface migration modeling.

Hydraulic Fracture disposal at Oak Ridge in 1970’s and 1980’s may provide data for
geomechanical (ROCKMECH) model verification. Although this HF disposal operation was
different than HF as used in shale gas development, it nonetheless provides real measurements of
mechanical displacements caused by the HF process, and these data could be used to ground-
truth the ROCHMECH simulations and conceptual model. Published and unpublished data are
available on land surface displacements during waste injection and hydraulic fracturing in shale
at about 1000 ft depth. Ernie Majer at LBL was co-author of at least one article on this study.
Selected references:

Holzhausen, Gary R., Haase, C. Stephen, Stow, Stephen H., and Gazonas, George, 1985,
Hydraulic-fracture growth in dipping anisotropic strata as viewed through the surface
deformation field: Proc. 26th U.S. Symposium on Rock Mechanics, Rapid City S.D., p. 341-
353. http://www.ntis.gov/search/product.aspx? ABBR=DE85014141

Stow, Stephen H., and Haase, C. Stephen, 1986, Subsurface disposal of liquid low-level
radioactive wastes at Oak Ridge, Tennessee: Ground Water Monitoring Review, v. 6, no. 3,
p. 49-52. http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6592.1986.tb00947.x/abstract

Stow, S.H., Haase, C.S., Switek, J., Holzhausen, G.R., and Majer, E., 1985, Monitoring of
surface deformation and microseismicity applied to radioactive waste disposal through
hydraulic fracturing at Oak Ridge National Laboratory: Proc. Waste Management ’85,
Tucson, Arizona, March 24-28, v. 2, p. 481-485, Univ. of Arizona Press, Tucson.
http://www.wmsym.org/archives/1985/V2/85.pdf

Sun, R.J., 1982, Selection and investigation of sites for the disposal of radioactive wastes in
hydraulically induced subsurface fractures: USGS Professional Paper 1215, 87 p.
http://pubs.er.usgs.gov/publication/pp1215

While I consider the SAB-accepted term “hydraulic fracturing water lifecycle” appropriate, I
suggest that EPA not shorten this to “hydraulic fracturing water cycle” in study documents. To
me, the former term bring industrial processes to mind, beginning to end, which is appropriate.
However, the latter term brings to mind the natural water cycle, or hydrologic cycle, which is not
an appropriate analogy for the use of water in HF. In HF, the water resource is collected and used
in an industrial process, and much of that water is completely removed from the near surface
water environment, thus there is no “cycle” in “consumptive” water use of this type. “Lifecycle”
is more appropriate to describe the predominantly one-way process for water use in HF.
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COMMENTS FROM DR. BRUCE D. HONEYMAN

Charge Question 2: Water Quality Characteristics: Please identify the most important water
quality characteristics that should be considered.

An assessment of the impact of hydraulic fracturing (HF) on water quality cannot be separated
from the issue of water availability (Charge Question #3) or the spatial scales for water quality
analysis (charge Question #1). In general, there will be three means by which HF can affect
water quality: 1) direct contamination (e.g., spills, leakage from casings); 2) indirect effects (e.g.,
geochemical / hydrochemical changes to water quality due to water withdrawal); and 3) a general
degradation of a water resource given that water as a resource is only ‘quasi-renewable’.

In my assessment of the issue, there seems a consensus that water use needs to be evaluated
‘holistically’. In some public comments (e.g., submitted by the American Petroleum Institute
[1]) the *holistic’ view is interpreted as amount of water used for hydraulic fracturing relative to
State total water use. However, | view this as a specious argument. Water quality issues need to
be evaluated in the relevant context, i.e., the appropriate spatial and temporal scale as defined by
the specific hydrogeochemical system of interest.

Figure 1 illustrates schematically some indirect effects of HF on water quality. The ‘local
resource’ may be either ground or surface water. The “far field” resource is a water resource not
directly at the withdrawal site but hydrogeochemically connected to the withdrawal point. The
size of the analysis boundary for understanding the effects of water withdrawal on water quality
will depend on the specific system— a stretch of stream or groundwater basin. Water fluxes
associated with HF, both in the modeling initiative and sampling, need to be linked with water
flows in the surrounding hydrologic cycle, that is, a direct coupling of water use and water
quality changes. For example, the local resource, WQ(1) might be a water meeting drinking
water quality standards. Under certain conditions, withdrawal of the target water may impact
water near the system’s boundary (a groundwater basin or riparian area) resulting in the
importing of a water of another, perhaps, lower, quality, WQ(2) (for example, waters of lower
oxidation / reduction potential, Ey).

Given that water quality issues need to be evaluated holistically:

e What is the appropriate spatial scale of study? Part of the question may be answered through
an analysis of State water surveys or USGA data. A point that needs to be considered,
particularly in the arid West, are the constraints on water use as a consequence of water
rights issues and how individual water owner’s decisions might affect the water quality issue.

e What are the kinetic attributes of such a process (e.g., E4 and chemical mixing); what is the
appropriate time response, i.e., ‘characteristic time’? System responses to water withdrawal
may change by season. For example, water quality in heavily mineralized areas may degrade
in low precipitation months through decreasing ratios of fresh water inputs relative to
mineralized water fluxes. Additionally, mixing of water types may be kinetically hindered
(e.g., redox reactions are in some instances relatively slow) with effects taking place weeks
or months after the initial action.

90



Individual Comments from Members of Science Advisory Board Hydraulic Fracturing Research Advisory Panel on
EPA’s Progress Report: Potential Impacts of Hydraulic Fracturing on Drinking Water Resources — December 2012.
These comments do not represent SAB consensus comments nor EPA Policy.

e What are the long-term issues of water quality? For example, today’s non-potable water may
be tomorrow’s drinking water source. Ultimately, the long-term impact of HF on water
quality will depend on the response of the ‘system’ to relatively short term periods of water
withdrawal.

e Are there water supplies that should be excluded from HF use, i.e., ‘protected’ resources’? It
is not only the quality of the water at issue but its ‘rareness’ relative to the specific area. Can
a “vulnerability index’ be established?

The API response cautions on the use of FracFocus for establishing water types (p.23 of [1]),
stating that “there is the potential that the term “fresh” is used not to signal that it came from a
new water source compared to being recycled, but to signify that it does not have chemicals
added to it yet’. Given the importance of understanding source water quality on HF impacts,
better resolution on this issue seems warranted:

e How do users define “fresh water’?

e What is the source of the water, e.g., well, river? Is it ‘local’ to the HF well operation site or
brought in from another hydrologic zone?

e Is there data on the specific quality of the water as a function of source and time (i.e., if
‘fresh water’ is being used from a specific source, does the water quality change with time?)

One of the criticisms of the study by the API is that it is not clear how source apportionment
would be established. Thus, an important component of the water quality / water availability
portion of the study is to understand the nature of ‘background’ changes to water quality during
the water acquisition phase of HF. For direct contamination of drinking water sources, the
selection of appropriate indicator chemicals is crucial. For indirect effects on water quality,
water quality parameters need to be specific to the hydrologic basin and tied to the hydrologic
model (e.g., nitrogen compounds in agricultural regions; metals in mineralized districts). In my
opinion, the apportionment issues needs also to incorporate whatever historical water quality
data (State, USGS) is available particularly with respect to seasonal and, perhaps, yearly trends.
A method to consider for evaluating impacts of changes to water quality due to a geochemical
‘front’ (Fig. 1) and ‘impact’ is mass discharge rather than concentration (e.g., [2]).

1.http://lyosemite.epa.gov/sab/sabproduct.nsf/02ad90b136fc21ef85256eba00436459/B436304BA
804E3F885257A5B00521B

2. Newell, C.J., Farhat, S.K., Adamson, D.T. and Looney, B.B. (2011). Contaminant plume
classification system based on mass discharge. Groundwater, 49(6), 914-919.
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Figure 1. Schematic of indirect effects of water withdrawal on water quality. ‘WQ’ represents
‘water quality’. The diagram is appropriate for both ground- and surface water issues. A mixing
zone may be established where substantial geochemical changes may take place. For example,
low Ey “far field” waters may, upon mixing with WQ(1), result in the precipitation of dissolved
iron or manganese in the local resource, WQ(1). The mixing zone could serve as a source of
degraded water quality.
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Charge Question 6: Indicator chemicals: What criteria should be considered when identifying
indicator chemicals, and why?

Note: EPA defines an ‘indicator’ chemical as a chemical already present in hydraulic fracturing
fluids and not a chemical added to track fluid migration.

A clarification needs to be made between ‘tracers’ and ‘indicators’ although both may be
‘already present’ in fracturing fluids. In general, a tracer, as pointed out by Dr. Richard Jack, has
certain requirements for use: it is chemically conservative (i.e., it is not ‘lost” during the analysis
period due to chemical transformation, including sorption); is analytically distinguishable from
other system constituents; its ‘source term’ is known. Tracers can be useful to determine such
things as rates of mixing of fluids or amounts of dilution. Some tracers proposed for analyzing
HF fluids (and already present in HF fluids) are strontium isotopes, bromide, alkalinity (which
can have conservative properties), 5-C, and boron and hydrogen isotopes. Radium isotopes
have also been proposed but pose substantial analytical challenges in brines. In principle, such
tracers can help quantify the extent of HF loss or contamination of background waters.
However, knowing the ‘endmember term’ of the tracer, i.e., the target formation source
concentration, can be problematic.

An indicator chemical, unless it exhibits’ tracer’ properties, can show the presence of HF fluids
but will be unlikely to be able to be used to quantify the extent of HF fluid contamination of a
target media largely due to the lack of the chemical conservation of most HF fluid constituents.
One clear problem with many of the organic HF fluid constituents is the relatively high
temperature and substantially high pressure (up to 15,000 psi) encountered during the HF process
and understanding the mass balance on a particular additive or suit of constituents due to
possible chemical transformation. Given the large number of compounds in produced fluids, it
makes sense to select a parameter reflecting some aggregate property of the HF fluid as an
indicator, such as total petroleum hydrocarbons (TPH) or TPH with silica gel cleanup to remove
polar compounds.

Public comments by the API ([1], p. 20) suggest that ‘the research focus should be placed on
known major constituents and not an investigation of trace elements and impurities’ but it is
precisely the presence of many trace impurities that may make post HF drinking water supplies
costly or impractical to use or, in the case of privately-owned drinking water wells, unusable. A
reasonable concern of the HF industry is source apportionment. Targeting low-concentration HF
fluid-specific compounds (or those produced in-formation and released during HF operations:
benzene, ethyl benzene, toluene and xylenes are ‘the most frequently detected VOC’s in shale
gas produced water’ ([1], p.16)) should make the most sensitive indicators of HF fluid presence.

1.http://yosemite.epa.gov/sab/sabproduct.nsf/02ad90b136fc21ef85256eba00436459/B436304BA
804E3F885257A5B00521B
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COMMENTS FROM MR. WALTER R. HUFFORD

Section 1 — General Comments

Hydraulic Fracturing (HF) as used in the oil and gas and geothermal industry is a process that
normally uses pressurized liquid (usually water) to break or “fracture” rock. Hydraulic fracturing
has been a focus of intense controversy. Media coverage, technical reports, movies,
stakeholders, trade organizations from various groups, politicians and regulatory agencies have
all weighed in on issues associated with the industry. Each stakeholder advances positions and
counter-positions to opposing parties on the “merits” of producing these resources safely and
responsibly. Regrettably, many parties are talking “at” each other rather than “with” each other
in what should and can be a constructive dialog. It is also important to note that certain
stakeholders are categorically opposed to any development of fossil fuels while others are
equally encamped to maximize extraction of the resource. If done correctly, this study will
further a positive dialog that informs all stakeholders about facts, generated from sound scientific
analysis, setting the stage for thought leaders and policy/rule makers on the path forward.

Only recently has industry been able to economically deliver energy (oil and natural gas)
resources from “unconventional” reservoirs such as shale deposits. Technological advances in
the process allows for HF to be closely monitored and controlled. It should be a focus of all
parties to recognize that the process of hydraulic fracturing only happens during a short period
(generally less than a week) during the life cycle of a well which can then produce these fossil
fuels for decades. The “bundling” of all aspects or phases of oil and gas development around the
term “hydraulic fracturing” complicates the discussion, confuses the issue and creates
unnecessary and unjustified concerns.

The resurgence of fossil fuel energy exploration and production in the United States attributable
to these unconventional reservoirs has raised intense debate about the safe development of these
resources. Congress recognized the growing debate around HF in the United States as
development of unconventional resources expanded across the country. The conferees in a
Congressional Appropriations Conference Committee urged 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.

The agency established a deadline for submission of a final draft report in late 2014.
Expectations from various stakeholders regarding this report are very high, from both a national
and global perspective. Consequently, the agency is under increasing scrutiny regarding the
scope of the effort, its scientific rigor and conclusions. These efforts are further complicated by
ongoing guidance and rule making within branches of the agency or in other departments of the
government which seem “out of sequence” given the importance of this highly influential study.
Examples of this rule making are illustrated in the release of proposed rules by the Bureau of
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Land Management (BLM), EPA’s notice of proposed rulemaking through the Toxic Substances
and Control Act (TSCA), and proposed rulemaking by the agency under the Clean Water Act
associated with Effluent Limit Guidelines (ELG). Moreover, other agencies and sections of the
EPA are conducting what appears to be duplicative work that could add to or diminish the results
of the efforts being conducted by the agency in this study. It is not clear from the documents
provided how robust the collaboration with these external stakeholders (to the Office of Research
and Development {ORD}) has been. Clarification regarding the implementation of the multi-
agency Memorandum of Understanding (MOU) would benefit the effort and stakeholder
understanding by providing clarity on roles and responsibilities for the agencies. A copy of the
April 13, 2012 MOU is attached to my comments. | would encourage the team to focus on the
2014 deliverable document.

The MOU should provide guidance on how the agencies should execute a robust plan on
collaboration and external stakeholder engagement to compile, analyze, and report data sets,
including results. This cooperative effort with other federal agencies such as the United States
Geological Survey (with significant experience in water basin analysis), and the Department of
Energy (including the National Energy Technology Laboratory {NETL} with experience in well
construction and design) would provide for an approach that eliminates duplication of efforts by
the respective federal agencies evaluating the same issues. Collaboration with State or multi-
state agencies (i.e., Susquehanna River Basin Commission) would also benefit the agency’s team
in understanding the dynamic changes being implemented by these organizations. The various
perspectives of these stakeholders provide added value to the successful delivery and adoption of
the 2014 Report.

Prior SAB panel reviews

Beginning in 2010, ORD began to consider how to execute this Congressional request. On two
occasions the EPA requested input from the SAB in the development of the work plan to conduct
the study. In June of 2010, a SAB panel (Environmental Engineering Committee) reviewed the
agency’s initial scoping document and recommended three specific requests including a caution
to EPA regarding their study:

1. Initial research be focused on potential impacts to drinking water resources with later
research investigating more general impacts to water resources

2. Engagement with stakeholders should occur throughout the research process and

3. 5to 10 in-depth case studies at ““locations selected to represent the full range of regional
variability of hydraulic fracturing across the nation

Note — The SAB cautioned EPA against studying all aspects of the oil and gas production,
stating that the study should *““emphasize human health and environmental concerns specific
to, or significantly influenced by, hydraulic fracturing rather than on concerns common to all
oil and gas production activities.*

The agency went forward with a “life cycle’ approach in developing the work scope presented in
the agency’s February 2011 draft plan. Early on in the process of the project the agency
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referenced concepts advanced by the National Research Council (NRC) 2008 assessment of
Public Participation in Environmental Assessments and Decision Making? regarding the
engagement with stakeholders. The SAB EEC recommended a “balanced, collaborative
advisory group of stakeholders representing a broad range of perspectives, and engaging
with this stakeholder group throughout the research process.” Further the EEC stated,
“There is a wealth of data and experience in industry, advocacy groups, state agencies and
other groups for ORD to draw upon in the research effort. It will also be important for
ORD to engage with other federal agencies to share data, collaborate, leverage expertise,
and align research priorities for optimal use of limited resources.” The agency should be
commended for recent renewed efforts in the collaboration with stakeholders. Regrettably, this
stakeholder engagement was not robust in the early phases of the project. As referenced in the
agencies peer review handbook, “it is increasingly apparent that peer review performed earlier in
the work product development stages provides a superior approach for some work products” (see
pg. 48). I’ve attached a copy of that agency document with this submittal. There continues to
be considerable interest and concern by external organizations and stakeholders regarding
ORD?’s investigation. Increased stakeholder engagement, including consultations with this SAB
is highly recommended.

In 2011 the EPA issued a draft study plan that was reviewed by a separate SAB panel. The
August 4, 2011 SAB comments on the EPA document provided in part that:

1. Generally, the SAB found the approach appropriate; however, expressed concern that “all
of the outcomes cannot be achieved given the time and cost constraints of the proposed
research program”.

2. Several areas could be focused to “maximize impact” within the time available. For
example, the SAB recommended the agency consider risk assessment in their approach
(i.e., hazard ID, exposure assessment, dose-response assessment and risk
characterization). Moreover, the SAB again cautioned the agency that “given the time
and resource constraints, the studies will not be able to answer all questions with a high
degree of certainty. The SAB recommends that EPA explicitly identify or estimate the
uncertainty or confidence in all research conclusions, and in the assessment of cause and
effect associated with potential HF impacts to drinking water supplies (pg. 5 of the
Executive Summary).

Current SAB Charge

In 2013 the SAB appointed 31 individuals for consultation and other reviews in support of
EPA’s HF research efforts. Twelve “charge questions” (listed below) were provided by the
agency to the SAB in advance of the May 7" and 8™ 2013 meeting. Additionally, the SAB panel
members were asked to review the agency’s December 2012 Progress Report and other
documents submitted to SAB’s website at:
http://yosemite.epa.gov/sab/sabproduct.nsf/a84bfeel6cc358ad85256ccd006b0b4b/928483abb4f2
a13285257b02004ab250!'OpenDocument&Date=2013-05-07

Comments to the December 2012 Progress Report and charge questions are provided below.
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General Comments on the agency’s December 2012 Progress Report

The Progress Report was qualitative in nature. The document provided a conceptual overview of
work efforts being conducted by the agency and did not provide relevant backup information in
order to provide specific comments on the scientific rigor being deployed for this study. EPA
began compiling information around five areas of focus — water acquisition, chemical mixing,
well injection, flow back and produced water, and wastewater treatment and disposal. Within
those five categories the agency embarked on 18 research projects along five lines of activity —
analysis of existing data, scenario evaluations, laboratory studies, toxicity assessments, and case
studies. The draft report provided no quantitative analysis to the SAB on any of these projects.
This is troubling given that the agency has only 19 months prior to submitting the December
2014 Draft Final Report, and indicated during the May 2013 SAB meeting that their research
would need to be “finalized” within the near future to begin preparation of the final report. With
respect to the five lines of activity:

Analysis of existing data — While the agency has made efforts to compile data sets from various
resources it is important to note, and will be reinforced in comments further below, that the data
sets will be “dated” by the release date of the 2014 report. Note the “Quality Assurance Project
Plan (QAPP) for the analysis of publically available information on surface spills related to
hydraulic fracturing, Hydraulic Fracturing (HF) Surface Spills Data Analysis (Version 1)”, was
approved on August 6, 2012°. It is perplexing that the agency would be developing these
important control documents at such an advanced stage of the evaluation process. A review of
the control documents suggests some “disconnects” with the approval date of the Quality
Management Plan (QMP) with respect to other control documents. Normally, the QMP is the
first control document that is approved providing the basis for other control documents to be
based upon.

The 2011 Progress Report indicated the agency would be looking for additional data (e.g.,
FracFocus). It would be helpful to understand what additional data sets are contemplated by the
agency for collection, given the timeline for completing the research and drafting the 2014
report.

Scenario Evaluations — Complex modeling of the subsurface is contemplated in this project.
Note that the document lacks any discussion of modeling “pre-existing” conditions within a
basin. For example, several basins are known to have naturally occurring hydrocarbons seeps or
migrations from shallow sources prior to any hydraulic fracturing operations. Yet, external
stakeholders commonly believe there is a direct connection between these seeps and the
drilling/completion activities by industry in the development of “targeted” deeper formations. It
would be helpful for external stakeholders and the public to have more information regarding the
natural occurrence and migration of oil and gas in the subsurface. Individuals who live within
active basins and areas of historical exploration and production have a good understanding of the
“pre-existing” conditions that are evidenced in surface waters and potable wells. For individuals
who are not in these regions and have little to no experience in these areas, the questions are
more frequent and urgent. Modeling conditions that are “pre-existing” would give external
stakeholders more information regarding the migration of these shallow oil and gas
accumulations in the subsurface. Comments regarding the inaccurate construction and
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presentation of figures used in the December 2012 report and at the SAB May 2013 meeting
should be considered regarding future documents. | also suggest the agency reach out to USGS
and state organizations/agencies regarding water availability modeling as these agencies already
are conducting these activities. Many states have robust water planning processes. Moreover,
each state has unique facets that must be considered when modeling water mass balances. For
example, the Western states have complex water rights that must be incorporated into any
modeling scenario. Additionally, this applies to water use modeling efforts. As indicated during
my verbal remarks at the May meeting, the agency needs to understand and incorporate the
interaction of current regulatory agencies, and their rules on industry regarding water use. To
simply discount the regulatory network in place and model “what if” and “worse case” scenarios
will not produce realistic results.

Laboratory Studies — While the agency moves forward with analysis of Publically Owned
Treatment Work (POTW) effluent discharges, the ORD acknowledged during the SAB panel
meeting that the practice of POTWs accepting water from well operations has ceased and is
virtually non-existent. Ongoing research in this area is thus not critical at this time and the team
should consider allocating these resources to other aspects of the study.

Toxicity Assessments — The December 2012 Progress Report states “there are currently over
1000 chemicals” used or detected in injected hydraulic fracturing fluids or from fluids produced
after the process. The agency then cites a US House of Representatives Committee on Energy
and Commerce Minority Staff report (2011) noting that more than 650 products (i.e., chemical
mixtures) used in hydraulic fracturing contain 29 chemicals that are either known or possible
human carcinogens™.* It is troubling that the agency is using select documents to include in
their December 2012 Progress Report that suggests grave concerns around the use of chemicals.
The agency made no attempt to provide context around these chemicals in the Progress Report,
nor details on concentrations and dose of these chemicals from an exposure perspective. There is
some risk associated with any industrial process that uses chemicals. Rules and regulations serve
an important role in the use of these products. Moreover, industry understands the importance of
safe and responsible care in the use of these chemicals. Informing the stakeholders about the use
of these products in the context of risk management assessments is necessary for this study.
Chemicals are part of our daily lives and we use, ingest and are exposed to chemicals in all walks
of life. For example, chlorine is considered a toxic chemical however, when used appropriately
chlorine protects us from pathogens in drinking water and in recreational facilities. Regrettably,
concerns about the use of chemicals and the initial lack of transparency led to many
misconceptions around HF. Fortunately, all of the stakeholders have advanced constructive
dialogs which led to legislation and rulemaking that allows for greater transparency for all
stakeholders. Moreover, the use of chemicals within the HF process has changed dramatically
over the past few years. It is concerning that the agency has implied or “bundled” the chemical
composition of fluids produced from a well as being attributable to hydraulic fracturing.

Case Studies — EPA’s December 2012 Progress Report provided only limited information related
to the retrospective case studies. In comparison, the Battelle Site Characterization Reports
provided an extensive analysis of the four retrospective locations. The Battelle document
provided more data that was obtained from appropriate publically available data sources.
Moreover, Battelle used sound and documented quality control protocols for the evaluation of
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the data. | recommend the Battelle Site Characterization Reports be incorporated into EPA’s
research. | also recommend the agency officially remove the prospective site study scope of
work since the team will not be able to complete this activity in time for the 2014 report. As
noted earlier, expectations for the 2014 report are high and changes in scope or focus areas
should be clarified at the earliest opportunity. Comments from the public during the May 7" and
8" SAB meeting indicated a request for expanding the case study evaluations to include for
example the Pavillion, Wyoming site. While Ms. Briskin indicated this specific location was
being investigated under CERCLA authority, the data set and approach taken by the agency in
this case are inconsistent with the work being conducted as part of this effort. | concur with Ms.
Briskin this site should not be included in this evaluation; however, lessons learned from this and
other research should be considered when evaluating all data.

Electing not to evaluate current rules

The agency stated in the May 2013 SAB meeting they are not evaluating the regulatory
environment in which the industry is operating. While | appreciate the agency not wanting to
evaluate the adequacy of the state oil and gas regulations, it is prudent for the agency to discuss
all of the controls in place at the state and federal level, including industry practices to prevent
environmental incidents associated with hydraulic fracturing. The decision to not consider these
controls runs the risk of making the agency’s evaluation of the data, which in some cases will be
several years old, obsolete and not relevant to the public, industry and decision makers at all
levels in 2014. The agency should incorporate within the study state/federal regulations and
industry practices. Providing context around changes within these stakeholder groups would
undoubtedly help with some misconceptions of the industry. The regulatory changes that have
occurred in states such as Pennsylvania, Ohio, Texas and Colorado are examples of regulatory
agencies using “adaptive management” techniques. This “management of change” perspective is
critical to the delivery of a successful document that can be used by stakeholders, thought leaders
and industry.

Highly Influential Designation

In 2012, the agency agreed that the work being conducted would be classified as “highly
influential”. This designation requires a robust approach and process in data evaluation,
collection and reporting. It is inappropriate that the agency is taking a “bifurcated” interpretation
of their study by producing multiple publications for journals that appear not to meet the highly
influential threshold; however, the agency is not planning to designate them as such. The agency
indicated at the May 7™ and 8™ meeting they have approximately 20 separate articles being
prepared for publication purposes associated with their study. The agency team appears to be
limiting the highly influential designation to only the final report of results. This seems
inconsistent in that all of the data should be subject to a “highly influential” standard.
Retrospectively, it would have been valuable for the agency to develop a peer review and
stakeholder plan for such documents. | urge the agency team to coordinate with the SAB panel
on the review and comment for those articles prior to their submission for publication.

Section 2 — Charge Questions
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Charge Question 1: Spatial and Temporal Scales for Water Quality Analysis:

As described in Section 3.1 of EPA’s Progress Report, the EPA is gathering information on the
volumes and sources of water used for hydraulic fracturing (including recycling efforts) and will
use this information to review published literature to assess whether these types of water
withdrawals may impact local water quality.

What spatial and temporal scales should be considered for this analysis to best characterize the
impacts, if any, on the quality of water used as a source of drinking water?

RESPONSE:

While the industry is a consumer of water, the agency needs to characterize that consumption in
context with overall water use by all stakeholders as managed by the appropriate regulatory
authority and/or legal doctrine. Water used by agriculture, recreation, other power generation
and industries should be presented so that external stakeholders can be better informed about the
entire water balance equation. This analysis would facilitate external stakeholders understanding
on how water is used/regulated/managed at both a macro (regional) and micro (local) level.
Along this line the agency should include details, other than a literature review, of the water
regulations that are in place at the various levels of government to fully present how water
resources are managed. Context should also be included in the acquisition of water for HF
activities in that these are “single” events for well — meaning the use of water will decrease with
field development maturity.

Since the agency will evaluate water acquisition by the oil and gas industry as part of the HF
lifecycle process, it is imperative the agency also report how the industry has used “adaptive
management” practices over the past several years to further minimize the use of “fresh” water.
Again, the agency can look at efforts by state and regional water authorities to advance
legislation and regulations that encourage the use of “non-fresh” waters for this industrial sector.
An excellent example of this initiative is evidenced in Pennsylvania where legislative and
regulatory agencies are working collaboratively to use Acid Mine Drainage (AMD) water. AMD
has been known for decades to have detrimental impacts to surface waters within Pennsylvania.
Efforts by the state and various stakeholders over the years to reduce these discharges have
yielded favorable results to streams and other surface water quality, all of which have rebounded
due to these collaborative efforts. The current initiative provides further incentives to industry to
use these “impacted” waters by provided certain liability reliefs giving certainty to industry for
the use of these waters and a “win-win” solutions for all stakeholders. The agency could support
this important effort by concurring with liability relief.

The agency should also discuss how industry can advance the re-use of water in the completion
process. In some areas, industry has achieved a nearly 100% reuse of water for continued
operations. It is appropriate to consider longer term water management issues once the industry
begins to produce more water than is needed and how industry will manage this component of
operations.

Charge Question 2: Water Quality Characteristics:
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Please identify the most important water quality characteristics that should be considered.
RESPONSE:

The agency should evaluate how drinking water quality differs across the country and the basins.
If the agency is focused on drinking water, the agency could evaluate the extensive amount of
data that has been generated by operators as part of “pre-drill” assessments in certain states.
Information can also be obtained from other regulatory agencies (i.e., USGS or local regulatory
agencies) that collect groundwater/drinking water information. Here is a link that provides
updates on USGS efforts; http://water.usgs.gov/coop/products/energy/shale.cwp.summary.pdf

State regulatory agencies have collected years of groundwater data from groundwater
observation wells that have been installed for other environmental reasons. The challenge for the
agency researchers is some of these data sets have not been centralized into a digital working
database.

The agency could also look at how operators determine the best use of “non-fresh” waters for
well completions. Each rock formation or “unit” responds differently to water chemistry in both
spatial and temporal terms. As such, each area is unique requiring scientists and engineers to
develop appropriate applications that are “fit for purpose” for the rock strata.

Water quality characteristics associated with the production process are addressed in other
charge questions.

Charge Question 3: Water Availability:

Section 4.3 of EPA’s Progress Report describes research to evaluate the extent to which water
withdrawals may affect the short- and long-term availability of water in areas where hydraulic
fracturing is conducted. The EPA is modeling two different areas of the country with three
different future scenarios to examine how the availability of water resources, the characteristics
of oil- and gas-containing formations, the level of hydraulic fracturing well deployment and
hydraulic fracturing management activities may impact water availability. The watershed
modeling is being conducted in the Susquehanna River Basin in the eastern United States and in
the Upper Colorado River Basin in the western United States.

What spatial and temporal scales should be considered for this analysis to best characterize the
impacts, if any, on the availability of water used as a source of drinking water?

RESPONSE:

The agency plans on using three different scenarios for each basin in this evaluation. The first is
a “business as usual” defined approach which projects a modeled growth of drilling/completions
coupled with current practices for water acquisition, production and disposal. The second
scenario contemplates an “energy plus” evaluation using “maximum projected development of
the reserves” and “current practices for water acquisition, production and disposal”. The third
scenario envisions “green technology” using a normal projected growth estimate (as provided in
Scenario 1) however, contemplates “increased recycling of produced water for hydraulic
fracturing”.
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The 2012 Progress Report does not provide enough details at this point to quantify the evaluation
process being conducted by the agency. It should be noted that HF activity in Pennsylvania was
impacted by economic conditions resulting in less drilling over the past several months.
Modeling therefore, is only an estimate of potential outcomes based on assumptions and these
assumptions should be practically based on limitations (natural, regulatory, commercial,
logistical, etc). The “energy plus” scenario should consider economics, where competing
regions within the US (i.e., more liquids vs. gas) and other controls impact development of this
resource. For example, the use of surface waters in Pennsylvania in this modeling study area is
strictly managed by the Susquehanna River Basin Commission (SRBC). The SRBC permits,
controls water withdrawal and have regulations limiting water withdrawal during “low flow”
conditions. Low flow regulations were designed to minimize potential negative impacts to
surface waters by limiting the amount of water that can be taken during decreased flow
conditions by industrial users, including the oil and gas industry.

The agency should recognize that “green technology” is the “new normal” expectation. Most
firms are recycling as much water as possible, recognizing the importance of water as a resource.
It is important to note that the “greenest” option in some cases may not include recycling
indicating that best alternatives are a “case-by-case” analysis and not a generalized “one size fits
all” approach. Operators, working with suppliers are developing new approaches to using “non-
fresh” water to the greatest extent possible. As mentioned in previous sections, stakeholder
collaboration leads to legislation and rule making, similar to the pending AMD legislation in
Pennsylvania that provides value added to the Commonwealth, the environment (by using this
impacted water for beneficial reuse) and industry. | encourage the agency to document and report
“thought leader” decisions such as this approach in the agency’s evaluation.

Charge Question 4: Fluid Composition and Potential Impacts to Drinking Water
Resources:

The EPA is assessing whether on-site spills and leaks of hydraulic fracturing fluid may impact
drinking water resources by examining data found in state spill databases and compiling
information on chemicals used in hydraulic fracturing fluids. Appendix A of EPA’s Progress
Report lists approximately 1,000 chemicals reportedly used in hydraulic fracturing fluids
between 2005 and 2012.

The composition of hydraulic fracturing fluids is dependent on location- and well-specific factors
(e.g. well depth and length, geologic properties), which leads to variability in the identity and
volumes of chemicals used for hydraulic fracturing. Information on fluid composition is being
gathered as part of the service company data analysis (Section 3.3. of EPA’s Progress Report),
well file review (Section 3.4 of EPA’s Progress Report), and FracFocus analysis (Section 3.5 of
EPA’s Progress Report). The service company data analysis is expected to provide general
information about the types and composition of fluids used by nine companies across the country
(see pages 41-42 of EPA’s Progress Report for a more detailed description of the type of
information available). In contrast, both the well file review and the FracFocus analysis are
expected to provide well-specific information on chemicals used for hydraulic fracturing (see
pages 53 and 60 of EPA’s Progress Report, respectively).
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Given the data sets available, what information on fluid composition, factors affecting
composition, and/or trends in composition of hydraulic fracturing fluids may be most useful for
identifying potential impacts to drinking water resources across the United States?

RESPONSE:

Understanding background conditions and natural variations of the drinking water is the first
dataset that is required before making any interpretation regarding changes to drinking water due
to HF activities or other potential contributors. Lacking this fundamental data will provide
inaccurate conclusions and recommendations that are not supported by sound scientific data.

Nevertheless, one needs to recognize the ongoing changes by the industry in the fluid
compositions used during the HF process. This has been discussed in more detail to other charge
questions. It is imperative that the agency continue collaborative dialog with other stakeholders
to understand the dynamic “management of change” occurring within the industry, the regulatory
community and various stakeholders interested in this issue. The data set referenced above will
be “dated” by several years once the 2014 report is finalized. Moreover, an understanding of risk
management, including the dose and concentrations of the constituents used in the process are
key metrics which should be included in the study.

Charge Question 5: Historical Changes and Current Trends in Fluid Composition:

What key historical changes or current trends, if any, in hydraulic fracturing fluid composition
should be considered as the EPA assesses the chemicals listed in Appendix A of EPA’s Progress
Report?

RESPONSE:

Considerable effort has been expended by the agency, the service companies, and the operators
over the past two years to collect and begin to synthesize the data which was only summarized in
the December 2012 Progress Report. Appendix A is a compilation of a “broad net” exercise that
captured information reported by select service companies, operators and through a registry
called FracFocus. It is important to recognize that Appendix A is a starting point rather than a
conclusion, and clearly EPA should do much more to put this information into context, in terms
of the frequency and manner of use, how the chemicals are selected and for what purpose, and
how these chemicals are managed through the short duration of the actual HF process.

The chemicals used in the process of completing a well perform various functions. These
include being able to pump a proppant (usually sand) into the formation to keep the fractured
rock “open” to allow fluid and gas migration, friction reducers to allow pumping the water-
proppant mixture to the formation at reduced pressures, chelating acids (such as Citric Acid) to
minimize metal oxide precipitation in the well, and biocides to minimize biological
contamination of the well. Many products used in the HF process have common applications
and use in everyday life. For example, polyacrylamide polymers (friction reducers) are used in
the water treatment industry, citric acid is commonly used as a food preservative and
glutaraldehyde is a biocide used as a dental disinfectant.
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Regrettably, some stakeholders have used incomplete or inaccurate information as a motivator
regarding the potential impact to drinking water by industry’s use of chemicals. The agency is
tasked with evaluating the potential impact of HF on drinking water and the use of chemicals by
the industry is a component of that evaluation. The data set captured in Appendix A of the
progress report is currently “dated” and will be more so when the final report is issued by the
agency in 2014, in some cases by as much as 9 years. In its 2012 Progress Report EPA stated
that it “believes that the data in FracFocus are generally indicative of hydraulic fracturing
activities during the time period covered. Therefore, it may be possible to find geographic
patterns of occurrence or usage, including volume of water, frequency of chemical usage, and
amounts of chemicals used, assuming that data in FracFocus meet quality requirements.” °. The
team has harvested data from more than 12,000 wells where HF operations occurred between
January 1, 2011 and February 27, 2012. EPA further indicates that it intends to harvest another
year’s worth of data. This seems like a worthwhile exercise and the most promising avenue of
obtaining the information on “key historical changes and current trends” that EPA seeks.

The agency should articulate how chemicals are absorbed in certain rock formations, diluted by
pore waters or restrained in subsurface transport. As stated previously, dose and concentrations
of these chemicals should be incorporated into the agency study. Moreover, the team should
evaluate how those concentrations change during a potential unintentional release (i.e., prior to
or after well completion).

It is important to document how operators and service companies have changed chemical
compositions of HF fluid over the past few years. Industry has advanced in this area towards the
use of more environmentally “safe” chemicals, some of which are used in the food industry.
These actions streamline the chemical profile of hydraulic fracturing operations, eliminating
unnecessary chemical applications and developing sustainable chemistries. This is a significant
trend that merits closer attention from EPA.

Charge Question 6: Indicator Chemicals:

In response to stakeholder suggestions, the EPA is considering whether a subset of the chemicals
listed in Appendix A of EPA’s Progress Report or other hydraulic fracturing-related chemicals
could be identified as hydraulic fracturing “indicator” chemicals. In this case, the EPA defines an
“Indicator chemical” as a chemical already present in hydraulic fracturing fluids or wastewater
and not a chemical that is added to track fluid migration.

What criteria should be considered when identifying indicator chemicals, and why?
RESPONSE:
The following criteria should be considered when identifying key indicator compounds
1. Analytical capabilities and reliability
2. Presence in hydraulic fracturing fluid and produced fluid

3. Fate and Transport in the environment
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4. Uniqueness

These four focus areas provide the best avenue for delivery of a reliable approach. Given that
the fluids used are not “fresh” sampling for parameters such as chloride, sodium, TDS, TPH,
bromide or other select constituents is reliable and has been used in various state regulatory
programs.

Charge Question 7: Subsurface Fluid Migration Scenarios:

Research underway for this water cycle stage is focused on identifying conditions that may be
associated with the subsurface migration of gases and fluids to drinking water resources through
man-made (e.g. production wells or induced fractures) or natural pathways (e.g., natural faults or
fractures).

Lawrence Berkeley National Laboratory, in consultation with the EPA, is conducting numerical
modeling of six possible subsurface fluid migration scenarios (page 63 and Figures 14-19 of
EPA’s Progress Report). The scenarios are modeled after the Marcellus Shale, a deep, low-
permeability formation where horizontal drilling and hydraulic fracturing are used to release
natural gas. This approach is being used to evaluate mechanisms by which it may be physically
possible for upward migration of fluids, including gases, to occur; identify factors (e.g.,
permeability, formation pressure, injection pressure, etc.) that affect fluid transport; and assess
potential impacts on drinking water aquifers in cases of fluid migration.

Given that hydraulic fracturing occurs at different depths and in different types of rock
formations, please comment on how to best use results from these simulations to answer the
research questions listed in Table 26 (page 62) of EPA’s Progress Report.

RESPONSE:

The December 2012 Progress Report provides a “high level” explanation of the modeling
approach being taken by the agency to evaluate subsurface migration flow. Modeling can
provide simulations of conditions that may occur given a dataset incorporated into the model
however these simulations do not necessarily reflect what will occur in the environment. The
diagrams provided in the report were the subject of several comments by other panelist during
the meeting and | will not restate those concerns/comments in this memo. Given the diversity of
subsurface conditions across and within basins, the modeling contemplated by the agency will be
very limited in its applicability.

There are two questions in Table 26 of the 2012 Progress report and asked in the charge
question. Question 1 from the report asks, “How effective are current well construction practices
at containing gases and fluids before, during and after fracturing” and Question 2 asks, “Can
subsurface migration of fluids or gases to drinking water resources occur and what local or
geologic or man-made features may allow this?"®

Regarding Question 1 — Well construction techniques and practices are critical components for
targeting the economic resource of the fossil fuels while isolating valuable water or other
resources (i.e., coal seams). Well design contemplates multiple barriers of casing and cement
providing isolation and protection to each resource. In 2011, Secretary of Energy Steven Chu
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convened representatives from industry, environmental stakeholders and state leaders to meet
and produce a 90 day report that recommend several areas of focus which could enhance
environmental stewardship and improve safety within the shale gas segment. One of the areas
referenced in this report considered well construction techniques and practices. A
recommendation from that report supported the development of best practices in “well
development and construction, especially casing, cementing and pressure management.” ’

Monitoring of wells after they are drilled is required by regulatory agencies. If conditions are
observed during ongoing monitoring that suggests well integrity has been compromised,
corrective actions are taken by the operator who works with the appropriate regulatory agency
with jurisdictional authority. An evaluation of the changes in regulatory requirements regarding
this facet of the process should be considered by the agency. The State Review of Oil and
Natural Gas Environmental Regulation (STRONGER) is an excellent resource for reference.
Additional information regarding an abnormal observation regarding well integrity can be
obtained from the state regulatory agencies.

Regarding Question 2 — This question is very broad and is not a simple “yes” or “no” response.
Natural occurring subsurface migration of gases to drinking water resources have been
documented for decades, long before exploration and productions activities even commenced.
Migration of fluids including methane into the shallow zones including where drinking water
conditions exist, normally occurs from natural accumulations of these constituents within
adjacent rock formations that allow migration through geologic features (i.e., joints, faults). In
many cases, observations by third parties equate these observations to drilling and completion
activities that are targeting much deeper formations. Nevertheless, industry and regulatory
agencies respond to external stakeholders who make inquiries associated with observations in
potable wells or surface bodies. These inquiries, while rare in occurrence, are addressed on a
“case by case” basis. The “case by case” approach is appropriate given the complexities of
geologic conditions, pre-existing “baseline” parameters, and mitigation steps that are effective in
addressing each issue.

Liquid migration is also a complex question. As with gas, subsurface liquid migration to
drinking water can be pre-existing from shallow formations containing constituents that effect
drinking water. Subsurface migration of fluid from hydraulic fracturing is highly constrained by
the low permeability characteristics of the formations being targeted for HF. Moreover, the
targeted formations are separated from drinking water zones by thousands of feet of other rock
formations. The pressure exerted in the process of HF is temporary, meaning that the process is
only used to fracture the rock unit and emplace proppant to keep the fractures viable for fluid
migration. Once the process is complete (generally a week), the preferential pathway of fluids
would be towards the well.

It should be noted that man-made features can allow for conduits to drinking water. As captured
by EPA’s scenario, a specific area of interest by industry and the regulatory community are
legacy wells that were drilled in previous decades and in some cases not plugged/abandoned to
meet current industry or regulatory standards. In rare cases, these wells can be a conduit for
fluid migration. Given the low likelihood of this type of event, technological advancements and
real time monitoring during the HF process, the risk associated with this scenario is low.
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Moreover, industry and the regulatory community are working collaboratively to address these
legacy wells in a safe and responsible manner.

Charge Question 8: Effectiveness of Well Construction and Operation Practices:

For this study, the phrase “well integrity” is used to describe the extent to which an oil and gas
production well isolates the wellbore from surrounding geologic strata (and vice versa) and is
dependent on well construction and operation practices. The EPA’s study is assessing the
effectiveness of current well construction practices through the well file review (Section 3.4 of
EPA’s Progress Report), subsurface migration modeling studies (Section 4.1 of EPA’s Progress
Report), and retrospective case studies (Chapter 7 of EPA’s Progress Report). As part of the well
file review, the EPA asked oil and gas operators for information on well construction and
operation practices, including:
e Daily drilling and completion records describing the day-by-day account and detail of
drilling and completion activities
e Mud logs displaying shows of gas or oil, losses of circulation, drilling breaks, gas kicks,
mud weights, and chemical additives used
e Caliper, density, resistivity, sonic, spontaneous potential, and gamma logs
e Casing tallies, including the number, grade, and weight of casing joints installed
e Cementing records for each casing string, which are expected to include the type of
cement used, cement yield, and wait-on-cement times
e Cement bond logs, including the surface pressure during each logging run, and cement
evaluation logs, radioactive tracer logs or temperature logs, if available
e Pressure testing results of installed casing
e Up-to-date wellbore diagram

Section 3.4.4 of EPA’s Progress Report briefly describes the data set and the types of results the
EPA expects to produce from the information described above. The results may then be used to
identify construction and operation practices that could lead to impacts on drinking water
resources.

Please comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water resources.

RESPONSE:

The information above was collected from operators and service companies for the purpose of
assessing the effectiveness of well construction and operations. It is highly recommended the
agency take a holistic view regarding this information and use it to better understand the
dynamic changes within industry practices and state regulations which are protecting drinking
water by using multiple layers of protection. These layers should not be analyzed independently
when trying to make a determination regarding the systems effectiveness. Again, efforts by
other agencies (i.e., DOE) should also be incorporated into the review including recent
sequencing of proposed rules by other departments (i.e., BLM).
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Charge Question 9: Composition of Flowback and Produced Water:

The EPA is assessing whether on-site spills and leaks of flowback and produced water
(collectively referred to as “hydraulic fracturing wastewater”) from handling and storage may
impact drinking water resources by compiling information on the composition of this wastewater
and examining data found in state spill databases.

Appendix A of EPA’s Progress Report lists chemicals detected in flowback and produced water
(Tables A-3 and A-4). Sources of this information include reports from the New York State
Department of Environmental Conservation and the Marcellus Shale Coalition as well as data
found in well files. The composition of hydraulic fracturing wastewater, however, is reported to
vary across the United States.

Please identify specific data or literature on the composition of flowback and produced water in
other areas of the country.

RESPONSE:

Fluids produced from wells vary significantly. Constituent concentrations can change within a
geological unit, across a basin and certainly across large geographic areas. Other regulatory
agencies have evaluated these liquids (i.e., USGS). | suggest also looking at Department of
Energy (National Energy Technology Laboratory) or other agencies working in collaboration
under the Memorandum of Understanding, referenced in prior comments. State agencies have
databases that will reference “releases” from storage or handling of this fluid. However, a robust
evaluation of those datasets is required in collaboration with the state regulatory agency to
understand the context of that data. For example, spills may be reported to an agency where no
fluid was actually “lost” because containment controls were in place at the location. There are
occasions where spills occur that are outside of containment. In these cases the regulatory
authorities direct the remediation requirements which include but are not limited to; sampling
parameters, removal actions (if warranted), post remedial sampling, and final closure
requirements. Spill databases can be cross referenced to other jurisdictional sections within
regulatory agencies who may direct these remediation efforts and a review of those files would
provide additional clarity.

The agency is encouraged to contact academic institutions for past and ongoing efforts. Multiple
institutions are currently engaged in research and collaborations regarding water metrics. A
literature search, by itself, will not provide real time information and efforts being conducted by
stakeholders on this issue. | suggest the agency establish communications with these
stakeholders and include the work being conducted by these parties in the agency’s 2014 report
and continue to monitor and report ongoing efforts.

Here are two additional documents which may be of interest to the agency. They are provided in
the links here; (http://dea-global.org/wp-content/uploads/2012/01/DEA-Water-Presentation.pdf)
and

(http://www.rpsea.org/attachments/contentmanagers/3328/Natural Gas The Path to Clean En
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erqy Forum Hydraulic Fracturing a Historical and Impact Perspective Kent Perry 111810.
pdf

Charge Question 10: Assessing How Spills or Leaks May Impact Drinking Water
Resources:

Spills and leaks of hydraulic fracturing wastewater are being considered as potential sources of
drinking water contamination at two retrospective case study locations, in Washington County,
Pennsylvania, and Wise County, Texas (Sections 7.5 and 7.6 of EPA’s Progress Report,
respectively). Results from these case studies may provide limited information on how spills or
leaks may impact drinking water resources. To gain a better understanding of hydraulic
fracturing-related spills, spill data are being compiled from selected state and federal databases,
including Colorado, New Mexico, Pennsylvania, Texas, Wyoming, and the National Response
Center (Section 3.2 of EPA’s Progress Report). These data will be combined with spill
information submitted by oil and gas operators (Section 3.4 of EPA’s Progress Report) and
hydraulic fracturing service companies (Section 3.3 of EPA’s Progress Report) to create a
reference table of hydraulic fracturing-related spills. The reference table will be analyzed for
trends in the causes and volumes of hydraulic-fracturing related spills. In most cases, spill
information found in the databases does not indicate whether or not reported spills impacted
drinking water resources.

Please suggest ways for the EPA to use these or other data to more comprehensively assess how
spills or leaks may impact drinking water resources.

RESPONSE:

Unintentional releases of fluids from operations are reported to appropriate regulatory agencies
with jurisdictional authority. A “root cause” analysis of spills/leaks is consistently conducted to
understand, mitigate and eliminate future releases through “continuous improvement” programs
established by each firm. As mentioned in prior responses to charge questions, many reported
releases are contained on location by the use of engineering measures (i.e., impermeable
barriers). On rare occasions, fluids may be released to soils or surface water bodies. Impacts
from these releases are usually minor due to the immediate response actions taken by the
operator to control and mitigate the release. State regulatory agencies have established protocols
for the investigation and remediation (where required) of releases that actually impact
environmental media. A review of state spill reporting databases alone will be insufficient in
understanding the details associated with unintentional releases or in conducting a “root cause”
analysis of these events.

Charge Question 11: Wastewater Treatment and Waste Disposal Chemicals:

In some areas of the country, hydraulic fracturing wastewater may be treated at publicly owned
treatment works or centralized waste treatment facilities prior to discharge to surface waters.
This provides an opportunity for chemicals in the effluent to be transported downstream to public
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water supply intakes. To evaluate the potential for chemicals that reach these intakes to impact
drinking water quality, the EPA is investigating the efficacy of common wastewater treatment
processes at removing selected components of flowback and produced water.

Hydraulic fracturing wastewater contains a mixture of chemicals injected as part of the fracturing
fluid and chemicals present in the oil and gas producing formation (e.g. hydrocarbons, brines).
The complex matrix associated with hydraulic fracturing wastewater often makes identifying and
quantifying chemicals difficult. The EPA is currently able to detect and quantify selected anions,
cations, and metals in the wastewater and is considering modifying analytical methods for
detecting selected organics in the wastewater (Section 5.4 of EPA’s Progress Report).

Please provide recommendations for other specific chemicals that are of interest from a
wastewater treatment and/or drinking water treatment perspective.

RESPONSE:

The agency needs to clearly distinguish between produced water treatments for reuse, recycling,
disposal (if necessary), indirect discharge and direct discharge because the parameters around
each of these options vary accordingly. Given that reuse, recycling and discharge are the most
commonly practiced water management options, the agency should focus on specific parameters
that are of interest regarding these alternatives. In other words, the agency should understand
and describe the intent of treatment associated with these options to achieve the desired results
(i.e., not causing formation damage in disposal or production wells).

Charge Question 12: Trends in Wastewater Management that May Affect Hydraulic
Fracturing Wastewater:

Treatment, disposal, and recycling practices for hydraulic fracturing wastewater are rapidly
changing. Oil and gas producers are accelerating efforts to reuse and recycle hydraulic fracturing
wastewater in some regions in order to decrease costs associated with procuring fresh water
supplies, wastewater transportation, and offsite treatment and disposal. These changes may have
implications for wastewater treatment and disposal through publicly owned treatment works or
centralized waste treatment facilities that discharged treated wastewater to surface waters. For
example, recycling may decrease the volume of wastewater being sent to wastewater treatment
facilities, but may also create more concentrated waste streams.

What key trends in wastewater management, if any, may affect the volume and/or composition of
hydraulic fracturing wastewater being treated and discharged to surface water?

RESPONSE:

It may be necessary for the agency to look at micro-trends (basin level) as opposed to macro-
trends (national level) in produced water management metrics given the previously described
natural variation of produced water quality and quantity. A significant factor influencing
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produced water management is thoughtful and scientific changes to regulations. Rules and/or
legislation that increase operational flexibility (see AMD example above) demonstrate the
potential for positive effects in terms of reducing the overall environmental footprint or risk
associated with unconventional oil and gas development, including the HF process.

Environmental, health, safety, operational, logistical, and economic factors, among others,
significantly affect trends regarding produced water management. It is important to acknowledge
that these factors are dynamic which further supports the need for an increase in operational
flexibility.

A concept that has received attention by the Bureau of Reclamation is that produced water could
be viewed as a resource not a waste. While this concept is not new in the Western states it does
not appear to be acknowledged in EPA’s current effort. The emerging awareness of the potential
value of produced water has sparked a renaissance in water treatment technology innovation.
Without a doubt the innovations made during the shale gas revolution will pay dividends for
future generations.

Section 3 - Conclusions

The December 2012 Progress Report provided a qualitative update on the various research areas
being investigated by ORD to evaluate the potential impact of HF on drinking water resources.
The agency’s effort, and ultimate success in meeting the expectations for the 2014 report, is
significantly impacted by timing expectations (for finalization of the report), financial
restrictions, and the myriad of projects being evaluated under the study. Regrettably, the 2012
document provides little detail on the various research projects being completed in this effort.
The lack of detail in the Progress Report leaves the SAB with questions on approaches being
used by the agency, appropriate uses of the data, and context regarding how the information is
being formulated for conclusions to be presented in the 2014 report of results.

The agency should be complemented for their recent invigoration of outreach and collaboration
efforts (e.g., roundtables/workshops). These efforts have yielded important “shared learning”
opportunities among the stakeholders. It is unfortunate that the agency did not engage the
various stakeholder groups very early on in the process of developing the HF study plan nor in
interactive updates during the initial work efforts. This lack of early engagement has resulted in
additional hardship on the agency researchers in “catching up” with these stakeholders.
Duplicative research efforts are underway in other agencies, dynamic adaptive management
changes within the industry has “dated” some of the information under evaluation by the ORD
team, and regulatory developments have reduced or even eliminated the need to conduct
additional evaluation in some areas. | encourage the team to further enhance their outreach
efforts as the timeline for concluding the research approaches and document preparation of the
2014 report commences. | also encourage the agency team to communicate and consult
routinely with the SAB panel, seeking input on both strategic and tactical issues facing the ORD
group in the successful delivery of the 2014 report.

Expectations for sound scientific analysis and conclusions remain high for the agency’s 2014
report of results. Work products such as the Battelle Critical Review and Site Characterization
Reports should be fully incorporated into the analysis. The 2014 report should provide
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stakeholders, thought leaders and regulators a structural reference in “forward thinking”
approaches to the continued safe and responsible development of these critical resources. The
importance of this document cannot be overstated as the results will be evaluated both nationally
and internationally.

It is concerning that the agency is moving concurrently forward with regulations and rule making
without first completing this highly influential study. This lack of sequencing by the agency
further demonstrates the complexity the ORD team faces in producing a meaningful study that
incorporates risk analysis, risk mitigation, and risk management protocols introduced by
organizations like the State Review of Oil and Natural Gas Environmental Regulations
(STRONGER), best management practices introduced by other stakeholders (both trade
organizations and other non-government organizations), or by state regulatory agencies.

Finally, all stakeholders need to advance our responsibility in informing the public, thought
leaders and decision makers about the industry, how regulatory agencies provide oversight over
the industry and how the parties can work together to address issues around the safe and
responsible development of this abundant domestic resource. Having constructive dialog around
the issues will yield “win-win” solutions for all of the stakeholders while respecting the
differences that each party brings to the table.

Endnotes:

!Draft Plan to Study the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources
— EPA/600/D-11/001/February 2011/www.epa.gov/research

*National Research Council (2008) — Public Participation in Environmental Assessments and
Decision making. Panel — Thomas Dietz, Paul C. Stern,eds. Committee on the Human
Dimensions of Global Change — Division of Behavioral and Social Sciences and Education.
Washington, DC: The national Academies Press

*http.//'Y osemite.epa.gov/sab/sabproduct.nsf/0/2BC3CD632FCCOE99852578E2006 DF890/$File/
EPA-SAB-11-012-unsigned.pdf

*Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources — Progress
Report — December 2012 - pg 38

*Ibid Pg. 56
®Ibid Pg. 62

"The SEAB Shale Gas Production Subcommittee Ninety-Day Report — August 11, 2011.
http://shalegas.energy.gov//index.html

COMMENTS FROM DR. RICHARD F. JACK
Charge Question 6: Indicator Chemicals: What criteria should be considered when identifying

indicator chemicals and why? Chemicals present in HF fluid or wastewater and not a chemical
that is added to track fluid migration.
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My thoughts are based on properties of a good indicator, what we know about hydraulic
fracturing waters, processes and water analysis methods. In short multiple indicators will be
required.

What are the Properties of an Ideal Indicator?
Stable: in subsurface environments,
Preferably does not degrade or the breakdown products should be detectable.
Mobile: in the subsurface
Specific: to a hydraulic fracturing event
Inexpensive: easy to use
Method availability: Identify using an existing EPA, ASTM or Standard Method.
Sensitivity: as waters are diluted when spilled

Indicators for HF Waters —Chemical mixing

Generally waters with added organic chemical components that can be released during a spill.
Such as, surfactants, proppants, biocides, corrosion inhibitors. Indicator chemicals include
compounds classes such as glycols, glycol ethers, alcohols amines, aldehydes. These compounds
may become diluted or degraded and thus a method should have the ability to be both sensitive
and applicable to any degradation products.

Indicators for Flowback, Process Waters, and Wastewaters

During the Fracking process compounds in the subsurface become mobilized such as anion,
cations and metals that cause the HF water to become hypersaline. These waters also contain
increased amounts of radioisotopes and contain dissolved gases. Fortunately, most methods for
these compounds are readily available. It should be noted that these compounds are not unique
to hydraulic fracturing and commonly found in waters. For this reason the need for the
establishment of baseline parameters - that incorporate and understanding of seasonal or aquifer
drawdown variation- need to be established in order to distinguish seasonal variation from any
impacts from hydraulic fracturing. Because these parameters are not specific to hydraulic
fracturing, it will always be difficult or impossible to clearly distinguish a change exclusively for
a HF event.

Isotope ratio measurements have been show to be very precise and can distinguishing surface
from subsurface environments and can therefore isolate impacts due to Hydraulic Fracturing
compared to other anthropogenic effects. For example, the combined use of Boron and Strontium
ratios has been shown to clearly distinguish the Marcellus shale from other shale formations.
Though analyses of radioisotopes possess the optimal characteristics of stability, mobility,
precision these methods are more expensive and not readily available. For this reason it may be
ideal to establish a tiered approach for indicator chemicals for Hydraulic fracturing. Tier 1
indicators based on common techniques and analytes can be used to establish then monitor
baseline parameters. When a significant deviation occurs, a tier 2 method based on radioisotope
ratios is used for confirmation and precision.

A more thorough understanding of baseline parameters is needed to understand
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Seasonal variation

Better definition of parameters (analytes) where EPA requirements are not sufficient
Distinction between different subsurface environments across the US

Measure HF waters prior to injection and post flowback waters over longer periods
(if organics degrade) and will also address chemical trends

o Determination of a practical actionable level

Finally, an understanding that released gases can impact surface waters long after a fracturing
event, isotopes of methane or increased methane flow can occur to existing wells. It should be
noted that the flow of gas in both horizontal and vertical dimensions may take time, and perhaps
can only be detected well after the hydraulic fracturing event.

Tier measurements should take into consideration seasonal variations, rainfall, aquifer
drawdown, etc as these may not be static during these periods. In other words, Trends between
natural or anthropogenic, and those specific to Hydraulic fracturing need to be distinguished.

Chemical Mixing — Surface Spill

Baseline Data:Basic Parameters, EPA Post Hydraulic Fracture :EPA 300.1 -
300.1 - lons, EPA 200.7-Metals, lons, EPA 200.7-Metals, Dissolved

Dissolved Gases-Methane + Preinject Gases-Methane, organics in Process
Process Water and flowback

Process, Flow back and Wastewaters Tier 1 Tier 2

Baseline Data:Basic Parameters, EPA Post Hydraulic Fracture: EPA 300.1 - Isotopes/isotope
300.1 - lons, EPA 200.7-Metals, lons, EPA 200.7-Metals, Dissolved ratios

Dissolved Gases-Methane + Preinject Gases-Methane , organics in Process +Surfactants
Process Water and flowback used in drilling
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Table 1. An example of Tier 1 parameters that should be established. The concentrations
refer to the values for Charge Question 2; Water Quality Characteristics

Conc. mg/L Conc. mg/L Conc. mg/L
Measurement Or Value Measurement Or Value Measurement Or Value
Aluminum 0.2 Selenium 0.0046
Hardness
(Total as ? Arsenic 0.01 Silver 0.10
CaCO03)
COD 15 Barium 2 Sodium 250
BOD ? Beryllium 0.004 Strontium 4
TDS 500 Boron 1.6 Gross Alpha |15 pCi/L
TSS 0.045 Cadmium 0.00016 Gross Beta 1,000 pCi/L
Oil and Grease |? Calcium 250 ;i;glum 226+ 5 pCi/L
Conductivity |? Chromium 10
pH 6.5-8.5 Cobalt ? Thorium ?
T(_)tal Kjeldahl ? Copper 1.0 Uranium 0.030
Nitrogen
Alkalinity
(Total as ? Iron 0.3 Zinc 0.065
CaCO03)
. MBAS
Chloride 250 Lead 0.0013 (Surfactants) 0.5
Bromide 0.10 Magnesium 0.05 Toluene 1
N!tnte-Nltrate 10 Manganese 0.05 Phenolics ?
Nitrogen
Sulfate 250 Mercury Ethylene 0.013
Glycol
Molybdenum |0.21
Nickel 0.03

Charge Question 2. Identify the most important water quality characteristics that should be
considered? — writing assignment.

The water impacted from Hydraulic fracturing should not be “dramatically” impacted such that it
1) does not disrupt potential downstream drinking water source and 2) does not cause a major
environmental issue for both the immediate and long term.

Water Quality Aspects

e Contaminants — which contaminants and what concentrations are important for water

quality?

e Availability — what is the water balance that will be impacted?

e Amount — Can a water supply be replenished in a reasonable time frame?
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Contaminants

Baseline parameters for the local water sources need to be established using general analytical
techniques for conductivity, pH, hardness, alkalinity, anions (using EPA method 300.1) and
Metals (using EPA 200.7 or 200.8. In addition, gross alpha and gross beta need to be
determined. Water quality characteristics should be equivalent to the NPDES for a local POTW.
See table 1 above. General guidelines are shown in the “conc. or value” column. For those
values with a question mark require further discussion. The suggestions for the water quality
contaminant concentrations come from EPA Off. Of Ground Water and Drinking Water
Secondary contaminant levels, or the Dept. of PA General Permit WMGR123

PROCESSING & BENEFICIAL USE OF GAS WELL WASTEWATER FROM HYDRAULIC
AND EXTRACTION OF NATURAL GAS

DEPARTMENT OF ENVIRONMENTAL PROTECTION BUREAU OF WASTE
MANAGEMENT DIVISION of MUNICIPAL and RESIDUAL WASTE

Water availability

We should educate the public so that it is understood that the main water use is for a relatively
short use, ie, during the hydraulic fracturing process. However, the post hydraulic fracturing
impacts may have a longer term consequence. The overall use of water for other local purposes
should be understood so that a distinction can be made as to which industry has the greatest
impact on the local water source.

Water amount

When is the water that is removed for hydraulic fracturing be replenished? This is a fundamental
question that the local community will most likely be interested in to help understand the long
term impacts (if any) resulting from hydraulic fracturing.
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APPENDIX

Table 2. Secondary maximum contaminant levels established by the EPA Office of Ground
Water and Drinking Water.

The secondary maximum contaminant levels for public water systems are as follows:

Contaminant Level
Aluminum 0.05 to 0.2 mg/I.
Chloride 250 mg/l.

Color 15 color units.
Copper 1.0 mg/l.
Corrosivity Non-corrosive.
Fluoride 2.0 mg/l.
Foaming agents 0.5 mg/l.

Iron 0.3 mg/l.
Manganese 0.05 mg/l.

Odor 3 threshold odor number.
pH 6.5-8.5.

Silver 0.1 mg/l.
Sulfate 250 mgl/l.

Total dissolved solids (TDS) 500 mg/l.

Zinc 5 mg/l.
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COMMENTS FROM DR. DAWN S. KABACK

Water Acquisition is one stage in the life cycle of oil and gas development using hydraulic
fracturing and horizontal wells. These comments are prepared to address two of the charge
questions associated with water acquisition and are not necessarily relevant to other stages of oil
and gas development. The overall question to set the comments in context is “What are the
possible impacts of large volume water withdrawals from ground and surface water on drinking
water resources?”’

The first charge question, #2, discussed here is “What are the most important water quality
characteristics that should be considered?”

The current research study is limited to literature review to answer this question, and as such no
analysis to establish baseline will be performed; only existing data will be reviewed. For the
water acquisition phase, the focus is on large withdrawals of water and how that may impact
quality and quantity of the remaining resource.

The first recommendation focuses on the approach rather than specific water quality
characteristics, as it applies to both water quality and quantity. Analogues from development of
water resources other than oil and gas where impacts on public water supplies are known should
be examined in the literature, because they may be a useful analysis due to the similarity of large
volume water withdrawals and they may have a longer historical database to study. Such types of
development could involve large industries such as mining and population growth as it impacts
public water supplies. Attempts should be made to select analogues located in areas similar to
those currently undergoing oil and gas development, because aquifer water quality characteristics
and availability are known to vary widely across the nation. Thus, analogues should be pursued
for several of the recent shale gas/oil plays to ensure fair comparison.

In addition, the literature review should include assessment of water availability impacts due to
recent shale gas/oil plays in 3-4 areas, should any be demonstrated. However, because this
industry is relatively young, such data may not be available.

In terms of the specific water quality characteristics to include in the assessment, indicator
parameters that are easy and inexpensive to measure, such as total dissolved solids, are
commonly used to perform initial assessment. This approach is recommended although other
parameters that are available should also be examined. As an example, the Battelle reports
commissioned by the American Petroleum Institute and America’s National Gas Alliance
examined many other commonly measurement parameters and this approach is recommended.
Other literature information using more specialized approaches, such as isotopic data, to
understand groundwater age and flow, should also be examined if it is available for specific case
study areas. In addition, if modeling has been performed, it should also be used as a tool for
assessment. To summarize, all available data and approaches should be reviewed. A list of
inappropriate, as no new sampling and analysis is being performed. You must use the data that
are available.
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EPA should continue to work collaboratively the US Geological Survey to gather literature data,
as USGS has performed many nationwide studies to assess groundwater quality, such as the
National Water Quality Assessment Program. Greater involvement of the USGS is
recommended. Of course, the EPA will also investigate other literature sources and databases,
such as state databases to complete this portion of the study.

The second charge question is “What spatial and temporal scales should be considered for this
analysis to best characterize the impacts, if any, on the availability of water used as a source of
drinking water?”’

At the May 2013 meeting, EPA described their approach to modeling water availability in two
watersheds. Although it would be preferable to conduct this assessment in 3 or 4 watersheds, the
current resources do not support that scope, so the two selected watersheds will provide a good
preliminary analysis of two different areas.

The EPA approach has been well thought out to look at current conditions, historical baseline,
and future scenarios. Comments on this approach focus on whether the proposed model inputs
are considering future impacts upstream (such as the Colorado River withdrawals for the eastern
slope that are anticipated) and associated regulatory requirements associated with water
management, such as those that may occur during drought or wet conditions to ensure a holistic,
realistic assessment. This is only one example, but is posed to enable further thought about the
input assumptions. It is critical that the holistic assessment be able to assess impacts from
hydraulic fracturing associated oil/gas development and also assess impacts from other types of
development to promote understanding of all impacts to drinking water supplies.

To address the specific question, spatial scales need to be specific to the area of potential
drinking water impact, including both the immediate vicinity of the oil and gas development and
also downstream. For the Colorado River Basin, this could be significant, as there could be
impacts to river flow over great distances downstream. National or state assessments are
meaningless and should not be included. Temporal scales must include assessment of future
impacts, but should also include impacts over shorter time windows if there are areas where
groundwater withdrawals vary greatly during the year (more likely in drier climates with
significant agricultural activities such as Colorado as opposed to Pennsylvania). And both
temporal and spatial assessments must be input to water availability models, as is currently
planned. The key is to provide reasonable, realistic assessments of future conditions, which also
take into account other conditions, such as upstream impacts, other industries, etc. Review of the
scenario assumptions, addressing both spatial and temporal conditions, is recommended.
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COMMENTS FROM DR. ABBY A. LI

WATER ACQUISITION Charge Question 2: Please identify the most important water quality
characteristics that should be considered relevant to water acquisition?

EPA’s slide presentation suggests that water acquisition for hydraulic fracturing could
potentially lead to (a) decreased ground water or reservoir storage and/or (b) decreased stream
flow. EPA indicates that this could lead to decrease in “water quality”, including water
availability. EPA’s slide presentation also suggests that decreased stream flow could lead to
increased pollutant concentration (including pollution sources other than hydraulic fracturing).

Question 2 asks for measures of water quality that are unique to water acquisition phase of
hydraulic fracturing. Additionally, the EPA question is asking for water quality measures that
can be distinguished from other potential uses of water (e.g. irrigation) as outlined in tables 30
and 32 in the progress report. From this perspective tracking water availability levels at a local
level is important in the definition of “quality”. In considering the question of decreased stream
flow and increased pollutant concentration, other members of the SAB have indicated that stream
flow can be measured but it is not clear how this can be attributed solely to water acquisition
phase of hydraulic fracturing. TDS and chloride are potential indicator chemicals for water
quality, but not specific to the water acquisition phase of hydraulic fracturing per se, or to
hydraulic fracturing in general. Thus, it may be best for EPA to acknowledge that it is difficult
to identify measures of water quality that can be attributed solely to water acquisition for HF in
isolation of other phases of HF, let alone other non-HF uses of water.

In section 4.3.1.1 and 4.3.1.2, EPA describes non HF-water uses in units of million gallons per
day (MGD), but different units for HF including billions of gallons over a 2 %% year period
(converted to MGD) and million gallons per well without any defined period. This confused me
at first. In order to minimize confusion, Table 30 and 31 should include estimated water uses by
the oil and gas companies in MGD and clarify in footnotes and/or text if HF water use is already
included under self-supplied industrial, public supply and/or self-supplied domestic.
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CHARGE QUESTION 6 INDICATOR CHEMICALS: In response to stakeholder
suggestions, the EPA is considering whether a subset of the chemicals listed in Appendix A of
EPA’s progress report or other hydraulic fracturing-related chemicals could be identified as
hydraulic fracturing “indicator’ chemicals. In this case, the EPA defines an indicator chemical
as a chemical already present in hydraulic fracturing fluids or wastewater and not a chemical
that is added to track fluid migration.

What criteria should be considered when identifying indicator chemicals, and why?

This question was answered below taking into consideration all phases of hydraulic fracturing
rather than uniquely for just the chemical mixing phase. This is because of the difficulty in
distinguishing potential chemical contamination resulting from each of the different phases of
hydraulic fracturing in isolation of each other (e.g. hypothetic migration of chemicals from
damaged production wells vs. surface spills).

Table 45 (p. 114-115) of the EPA’s progress report is a list of chemicals identified for analytical
method testing activities. The selection criteria included, but were not limited to the following:

e Frequency of occurrence

e Toxicity

e Environmental mobility

e Availability of detection systems for chemical

These criteria are useful but should be prioritized for the purposes of this research project. For
the initial scope of this research project, a tiered approach is recommended that gives priority to
chemicals used most frequently in larger volumes that are more likely to migrate based on
knowledge about environmental fate and for which there are specific and sensitive methods.
Toxicity can then be considered as a 2" tier level characteristic. In this manner, priority is given
to chemicals that are more likely to be detected. This should be clarified in the text so that
expectations are managed regarding EPA’s ability to conduct risk assessments based on data
collected for this initial phase of research. An additional characteristic to consider is to select
indicator chemicals that can aid in distinguishing the impact of hydraulic fracturing from other
potential sources of contamination. This would necessitate having pre-fracturing (or baseline)
levels in local areas — with granularity of data collection and data on other potential sources of
contamination (e.g. seasonal agricultural practices, or other industries).

Availability of detection systems for chemical is a practical limitation that has to be considered
for the purposes of this research project. However, moving forward, it would seem that
development of analytical methods to detect chemicals that are used in high volumes and
especially mobile should be required if used in hydraulic fracturing fluids.

COMMENTS FROM MR. DEAN MALOUTA
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Response to Charge Question 5: What Historical Changes or Current Trends in Hydraulic
Fracture Fluid Composition should be considered as EPA Assesses the chemicals listed in
Appendix A?

Overview

Natural gas is becoming known in the United States as the future of greener energy, burning
cleaner and producing fewer greenhouse gasses than other current energy sources, e.g. coal, oil)
In 2010 the Energy Information Administration (EIA) estimated that the United States possesses
2,552 trillion cubic feet of potential natural gas reservoirs. These reservoirs could potentially
supply the United States with energy for the next 110 years, and could lower its dependency on
foreign energy sources. Further, the development of alternative and renewable fuels, while
necessary and helpful, is many, many decades away from providing the levels of energy needed
for our US and global society.

827 trillion cubic feet of the natural gas in the United States is stored in shale formations deep
within the earth. Much of the natural gas in the shale formations is trapped in low porosity, low
permeability rock, requiring usage of a process called hydraulic fracturing which creates or
enlarges fractures in the shale so that the gas can be released into the well and brought to the
surface.

Environmental Concerns:

There are a number of environmental issues concerning hydraulic fracturing.

1) One concern is that millions of gallons of water are used to stimulate each well. Some of the
water used is non-potable and some can be reused from other frac jobs. Non-potable water or
brine can be used if the fluid chemistry and formation chemistry are compatible.

2) A second concern is that the water is treated with chemicals to aid in the propagation of
fractures, stimulation of the well, cleaning the well, removal of bacteria and minerals, which
would clog the well or create poisonous gasses such as hydrogen sulfide. These fluids (about
88-93% water, 6-11% sand or other proppant and 1-2% other chemicals) are pumped into each
gas well to be hydraulically fractured thousands of feet into the earth; much of the fluid remains
deep in the earth, below potable water horizons because it cannot be recovered. Some is
recovered with or without native formation water and, depending on chemical compatibility, can
be used for successive frac jobs.

3) Another concern is that some of the chemicals added to the fracking fluid by some companies
(not all, and for the most part, no longer used) were considered highly toxic or carcinogenic.
This must be viewed in light of current or continued use and the likelihood that any significant
amount might ever contact potable water.

4) To add to this concern, chemical mixtures making up these fluids are often considered
proprietary by the companies that produce the chemicals, so even the energy companies may not
know exactly what is being pumped into the ground unless they make specific requests for the
use or elimination of certain chemicals.

5) To mitigate these concerns, the current trend in industry is toward greener, safer completion
fluids and higher standards of geologic investigation and well construction. It is important to
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have an awareness of the general geology of the area prior to drilling and completing a
formation. It is of utmost importance that wells are constructed with sound practices that isolate
any fluid in the well bore (whether being pumped in or extracted) from coming into contact with
ground water aquifers.

Recent Trends:

1) The organization FracFocus.org has established a database for companies to list the chemical
components of their fracturing fluids. Most responsible companies are adhering to this and a few
have even stated this in their public websites. While proprietary mixes and exact percentages
may indeed be proprietary, these can be no reason in the face of strong public concern not to
fully disclose at least the components of fracturing fluids. Many states and Canadian Provinces
(WY, MI, AR, TX, WV, MT, CO, LA, NM, ALTA. BRIT. COL.), now require disclosure. KS,
ID, ND, IN, KY, AL, CA, UT, AK have recently voted on, or are in the process of considering
such legislation.

2) The Website for FracFocus.org lists approximately 930 separate chemical species and
compounds (all listed with CASRN numbers for easy reference and identification of identical
species with possible different brand names), which have been detected in hydraulic fracturing
fluids between 2005 and 2011. IT is important to note that any individual completion fluid will
actually be composed of water, sand and usually less than 10-15 various chemicals for purposes
described below. Of these 930, OSHA lists approximately 33 species as potentially
carcinogenic. (Some of those only when inhaled as dust (e.g. Portland cement and ground
silica)). The worst offenders on the list are Diesel and the BTEX compounds (Benzene,
Toluene, Ethyl benzene and Xylene and their associates) used as corrosion inhibitors and carrier
fluids, as well as certain metals including lead, mercury, arsenic and antimony, which were used
as cross linkers to make polymer gels more viscous. Many companies and service companies are
already publically banning the use of these compounds and elements and the good news is that
there are safer alternatives to their use such as guar and gum used in food preparation, ethylene
glycol used in antifreeze, and surfactants such as soaps. In actual common current use, very few
of these carcinogenic species are still used and there are safer alternatives to their use.

3) Most companies have moved toward disclosure in response to legal requirements in some
jurisdictions, investor requests or because they recognize the importance of disclosure to address
public concern and distrust. Some list notices of disclosure or even of violation on a website,
others describe programs for monitoring water quality, and some describe toxicity of chemical
products used in fracturing that takes account of the toxic chemicals in the products above and
beyond that which is disclosed on Material Safety Data Sheets (MSDS).

4) The lists provided by the EPA and OHSA, however complete, do not list amounts or
concentrations of the chemicals used. This is actually critical in the eyes of public health officials
as substances are usually classified as harmful or not depending on dosage or exposure levels.
Further, there is no indication as to when within a broad date range the chemicals were used or if
they are still being used. Finally there is tremendous geographic variability in the composition of
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hydraulic fracturing fluids from basin to basin and from state to state. This information is not
captured in the EPA tables yet but should be to make a more complete story. It will be
interesting to analyze, for example shorter time gate windows and the uses of various chemicals
to see which if any have been discontinued or were never used in a given area.

5) Many of the chemicals used in modern hydraulic fracturing operations are common household
items: bactericides, mild acids, antifreeze, glass cleaner, etc. While not exactly drinkable at full
strength, they pose few of the severe toxicity problems attributed to earlier, less frequently used
solutions.

6) Service companies are responding with greener solutions. Some companies offer a full suite
of fracture fluid components derived exclusively from the food service industry. In addition, we
are seeing more and more re-use of fracture flow back fluids for other fracture jobs.

7) Certain companies are investigating the use of UV light to replace bactericides on well fluids.

8) Ground water monitoring, both pre development and post hydraulic fracturing, can help
companies and the public understand what has and has not changed in the potable water
composition.

9) Many companies are requiring tanks instead of pits for storage and holding of fracture fluids.
Where pits are used they must be lined. Berms are increasingly used for temporary protection of
spills.

10) Most oil and gas filed flow back waste is now disposed of in approved Class Il disposal
wells, well below the base level of potable water.

11) The use of tracer chemical species to detect migration paths is under investigation and seems
like it may prove possible. Use of tracers is not yet wide spread and may have its own detractors
as one more chemical entering the system.

Fracturing Ingredients

In addition to water and sand, other additives are used in fluids to allow hydraulic fracturing to
be performed in a safe and effective manner. Additives used in hydraulic fracturing fluids
include a number of compounds found in common consumer products.
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Example of Typical Hydraulic Fracture Fluid Mixture Makeup

Water and Sand: approximately 99%

Water: Creates and expands the fracture under pressure and delivers sand and a few chemicals as
the proppant. Some water stays in formation (variable but can range from about 30 to 70%)
while remainder returns with natural formation water as "produced water" (actual amounts
returned vary from well to well)

Sand (Proppant) Allows the fractures to remain “propped” open so the gas can escape. The
proppant typically stays in the underground formation, embedded in fractures (used to "prop"
fractures open). Common uses: Drinking water filtration, play sand, concrete and brick mortar

Acid (Hydrochloric or Muriatic Acid; comprising approximately 0.123% of the fracture fluid)
Helps dissolve minerals and initiate cracks in the rock. Reacts with minerals present in the
formation to neutralize acid and create salts, water, and carbon dioxide. Common uses:
Swimming pool chemical and cleaner

Anti-bacterial Agent (Gluteraldehyde, example, comprising approximately 0.001% of the
fracture fluid) Eliminates bacteria in the water that would produce corrosive or toxic by-
products. Reacts with micro-organisms that may be present in the treatment fluid and formation.
These micro-organisms break down the product with a small amount of the product returning in
produced water. Common uses: Disinfectant; sterilizer for medical and dental equipment

Breaker (Ammonium persulfate, enzymes, oxidizers or acids, comprising approximately 0.010%
of the fracture fluid) Allows a delayed breakdown of the gel. It reacts with the “crosslinker” and
"gel" once in the formation making it easier for the fluid to flow to the borehole. Reaction
produces ammonia and sulfate salts, which are returned in produced water. Common uses: Used
in hair coloring, as a disinfectant, and in the manufacture of common household plastics.

Clay stabilizer (Salts, Potassium Chloride, tetra methyl ammonium chloride, comprising
approximately 0.06% of the fracture fluid). Prevents formation clays from swelling and blocking
flow paths. Reacts with clays in the formation through a sodium-potassium ion exchange.
Reaction results in sodium chloride (table salt), which is returned in produced water. Commonly
used in low-sodium table salt substitute, medicines, and 1V fluids.

Corrosion inhibitor (N,n dimethyl formamide or methanol, comprising approximately 0.002% of
the fracture fluid) Prevents corrosion of the pipe. Bonds to metal surfaces (pipe) downhole. Any
remaining product not bonded is broken down by micro-organisms and consumed or returned in
produced water. Commonly used in pharmaceuticals, acrylic fibers and plastics.

Cross-linker (Borate salts or metallic oxide salts, comprising approximately 0.007% of the
fracture fluid) Maintains fluid viscosity as temperature increases, thickening the polymer by
bonding the polymer to itself. Combines with the "breaker" in the formation to create salts that
are returned in produced water. Common uses: laundry detergents, hand soaps and cosmetics

Friction reducer (Polyacrylamide comprising approximately 0.088% of the fracture fluid)
“Slicks” the water to minimize friction. Remains in the formation where temperature and
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exposure to the "breaker" allows it to be broken down and consumed by naturally occurring
micro-organisms. A small amount returns with produced water. Commonly used in cosmetics
including hair, make-up, nail and skin products.

Gelling agent (Guar gum, comprising approximately 0.056% of the fracture fluid) Gels thicken
the water in order to suspend the sand. They combine with the "breaker" in the formation thus
making it much easier for the fluid to flow to the borehole and return in produced water.
Common uses: Cosmetics, baked goods, ice cream, toothpaste, sauces, and salad dressings

Iron control (Citric Acid comprising approximately 0.004% of the fracture fluid) Prevents
precipitation of metal (in pipe). Reacts with minerals in the formation to create simple salts,
carbon dioxide and water, all of which are returned in produced water. Commonly used in food
additives; food and beverages; lemon juice.

Non-Emulsifier (Surfactants, soaps comprising approximately 0.060% of the fracture fluid)
Used to break or separate oil/water mixtures (emulsions) Generally returned with produced
water, but in some formations it may enter the gas stream and return in the produced natural gas.
Commonly used in food and beverage processing, pharmaceuticals, and wastewater treatment.

Oxygen scavenger (Ammonium bisulfite comprising approximately 0.060% of the fracture
fluid), used to remove oxygen from water, which could corrode pipes. Common uses include
food preparation, cosmetics, beverage processing and water treatment plants.

pH Adjusting Agent (Sodium or potassium carbonate comprising approximately 0.030% of the
fracture fluid) Maintains the effectiveness of other components, such as cross-linkers Reacts with
acidic agents in the treatment fluid to maintain a neutral (non-acidic, non-alkaline) pH. Reaction
results in mineral salts, water and carbon dioxide; a portion of each is returned in produced
water. Used in laundry detergents, soap, water softener and dish washer detergents

Salts (NaCl and KCI comprising approximately 0.060% of the fracture fluid). Salts are used to
create a brine carrier fluid, the salinity of which helps delay breakdown of the polymers and
maintains viscosity. Acts as a clay stabilizer causing flocculation and prevents dispersing of
clays into the formation which would clog the flow. Commonly used as table salt or sea salt.

Scale inhibitor (Ethylene glycol or ammonium chloride comprising approximately 0.039% of the
fracture fluid) Prevents scale deposits down-hole and in surface equipment. Product attaches to
the formation down-hole. The majority of product returns with produced water while the
remainder reacts with microorganisms that break down and consume the product. Commonly
used in household cleansers, de-icer, paints, and caulk.

Surfactant (Methanol, Isopropanol, comprising approximately 0.060% of the fracture fluid).
Used to increase the viscosity of the fracture fluid. Generally returned with produced water, but
in some formations may enter the gas stream and return in the produced natural gas. Common
uses: glass cleaner, multi-surface cleansers, antiperspirant, deodorants and hair-color.

The most common chemical used for hydraulic fracturing in the United States in 2005-2009 was
methanol, while some other most widely used chemicals were isopropyl alcohol, 2-
butoxyethanol, and ethylene glycol.
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Typical hydraulic fracture fluid types:

Conventional linear gels. These gels are cellulose derivatives (carboxymethyl cellulose,
hydroxyethyl cellulose, carboxymethyl hydroxyethyl cellulose, hydroxypropyl cellulose, methyl
hydroxyl ethyl cellulose), guar or its derivatives (hydroxypropyl guar, carboxymethyl
hydroxypropyl guar) based, with other chemicals providing the necessary chemistry for the
desired results.

Borate-crosslinked fluids. These are guar-based fluids cross-linked with boron ions (from
aqueous borax/boric acid solution). These gels have higher viscosity at pH 9 onwards and are
used to carry proppants. After the fracturing job the pH is reduced to 3—4 so that the cross-links
are broken and the gel is less viscous and can be pumped out.

Organometallic-crosslinked fluids Zirconium, chromium, antimony, titanium salts are known to
crosslink the guar based gels. The cross-linking mechanism is not reversible, so once the
proppant is pumped down-hole along with the cross-linked gel, the fracturing part is done.
Subsequently the internal structure of the gels is broken down with appropriate “breakers”.

Aluminium phosphate-ester oil gels. Aluminium phosphate and ester oils are slurried to form
cross-linked gel. These are one of the first known gelling systems.

For slickwater it is common to include sweeps or a reduction in the proppant concentration
temporarily to ensure the well is not overwhelmed with proppant causing a screen-off. As the
fracturing process proceeds, viscosity reducing agents such as oxidizers and enzyme breakers are
sometimes then added to the fracturing fluid to deactivate the gelling agents and encourage flow-
back. The oxidizer reacts with the gel to break it down, reducing the fluid's viscosity and
ensuring that no proppant is pulled back out from the formation. An enzyme acts as a catalyst for
the breaking down of the gel. Sometimes pH modifiers are used to break down the crosslink at
the end of a hydraulic fracturing job, since many require a pH buffer system to stay viscous. At
the end of the job the well is commonly flushed with water (sometimes blended with a friction
reducing chemical) under pressure. Injected fluid is to some degree recovered and is managed by
several methods, such as underground injection control, treatment and discharge, recycling, or
temporary storage while new technology is being continually being developed and improved to
better handle waste water and improve re-usability.

Agarwal, R.G., Carter, R.D..; Pollock, C.B., Evaluation and Performance Prediction of Low-
Permeability Gas Wells Stimulated by Massive Hydraulic Fracturing, Journal of Petroleum
Technology, Volume 31, Number 3, p. 362-372.

American Petroleum Institute, 2012, Overview of Industry Guidance/Best Practices on Hydraulic
Fracturing, http://www.api.org/policy-and-issues/policy-
items/hf/hydraulic_fracturing_overview_of _industry

America’s Natural Gas Alliance (ANGA), 2013, Hydraulic Fraccing 101, http://anga.us/issues-
and-policy/safe-and-responsible-development/hydraulic-fracturing-101#.UZWW55V0Q820
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Arthur, J. Daniel, Brian Bohm, Bobbi Jo Coughlin, and Mark Layne, 2009, Evaluating the
Environmental Implications of Hydraulic Fracturing in Shale Gas Reservoirs, SPE Americas
E&P Environmental and Safety Conference, 23-25 March 2009, San Antonio, Texas.

FracFocus.ORG, 2012, How hydraulic Fracturing works, http://fracfocus.org/hydraulic-
fracturing-process

Halliburton, 2012, Hydraulic Fraccing 101,
http://www.halliburton.com/public/projects/pubsdata/hydraulic fracturing/index.html

Malouta, Dean, et al., 2012, Shell Tight sand and Shale Oil and Gas Onshore Operating
Principles, http://www.shell.com/global/future-energy/meeting-demand/natural-gas/gas/shell-
operating-principles.html

CJ Vercaemer, C.J., T.G. Greene, D.J. Pferdehirt, 2001, Methods of hydraulic fraccing, US
Patent No. 6,230,805

Charge Question 8: Effectiveness of Well Construction and Operating Practices in
Protecting Drinking Water: Please comment on other ways the information listed above may
be used to characterize the effectiveness of well construction and operation practices at
protecting drinking water resources.

Standard Precautions and Potential impacts on Drinking Water:

Although the oil and gas industry has been safely using hydraulic fracturing to stimulate wells for over
60 years, the sudden upturn in volume over the last 5-10 years, the increased variety of players,
possibly with varying standards and capabilities, the low cost barrier to entry, the industry’s renewed
entry into plays long dormant in areas unaccustomed to recent hydrocarbon production and finally,
certain celebrity sound-bites, films, political opinion and interest by the public and by NGO’s, have
contributed to a flood of new verbiage on the subject, well intentioned to be sure, but with varying
degrees of knowledge and understanding of the practices involved. The public is demanding and is
entitled to high quality information, explanation and analysis. Toward that end there are standard
procedures and precautions which can mitigate almost all danger to water supply:

1) Any discussion of guidelines for use and precautions with respect to hydraulic fracturing fluids must
be predicated on good oil and gas field practices which in turn must start with sound geologic,
geophysical and petro-physical analysis. It is through these measures we determine the environment
and the setting, the faulting and heterogeneity of the rocks, which will determine the safe well design
and operating practices. Not all areas are the same geologically and for that reason among others, states
have long held that the states themselves are the proper level of jurisdiction for oversight of HF
practices. The debate is important but must be underpinned by sound scientific and engineering
observation and measurement.

There must be a solid understanding of the heterogeneity of the rocks to be drilled through as well as
those to be fractured. This may include gathering data on regional geology, well logs from neighboring
wells, information on structural geologic setting and rock types derived from seismic surveys as well as
petrophysical and reservoir engineering data from wells or fields in the region.
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Use of near by well data and seismic velocity information will provide valuable information as to in-
situ stresses and resultant pressures need to hydraulically fracture rocks.

During the fracturing process, usually early in the development process of a field and from time to time
and over a broad area, micro seismic measurements can help determine stress directions and
magnitudes of fractures in a given area.

There should be a thorough understanding of the depth to the water table and the depth to the base of
the fresh water aquifer and variations in those depths across the region.

In certain areas the objective horizon for production of oil or gas may be within or very close to the
potable ground water aquifer. State regulations should dictate whether that separation is sufficient for
the conditions at hand.

2) The well and well site must be designed and constructed in such a way as to ensure proper casing
barriers and isolation of the potable ground water aquifer from any fluids in the well bore...whether
they are pumped in or being extracted.

There must be a robust casing design, proper quality cement selection and redundant barriers within the
well bore especially as it passes though the zone of potable water.

The well pad should have a berm around it and be built over relatively impermeable material to avoid
seepage of accidental spills into the surface waters or near surface aquifers.

The well should be drilled using air, water or water based mud through and well below the potable
water aquifer. This section, often referred to as surface casing zone, should be cased and cemented
prior to drilling farther with any other mud and certainly before hydraulically fracturing the well.

Each well must be pressure tested for well bore integrity prior to hydraulic fluid injection.

The well must be tested for asset integrity (casing shoe points, cement quality and uniformity (cement
bond logs), casing integrity, and well head equipment.

3) The well must be monitored during injection

Pressures must be continually monitored to detect and instantly cut pressure if an unexpected event
(leakage into a fault plane or well bore annulus or other unintended path) is detected.

Fluids pumped into the hole are part of the concern, but fluids coming out of the hole, laden with
hydrocarbons are equally hazardous and all of these must be contained and isolated form the aquifers
through which they pass as well as at the well-head at ground level.

During injection of the fluids, rates and volumes of injected fluids must be monitored for pressure,
pressure drops, and comparing injected pressure volumes and rates to expected results.

4) Operational Considerations:

Flow-back fluids after fracturing as well as formation water and any produced hydrocarbons must be
contained in tanks or sent to service pipelines. Fluids recovered from wells should not be stored in pits.
Where pits are necessary for the recirculation of mud and well cuttings, those pits should be lined and
monitored.
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Periodically, and ideally prior to development of a field or area, local ground water and surface waters
should be tested and analyzed for content. Periodic measurements can help determine both original
composition of the ground water as well as any changes that may or may not have occurred as a result
of human intervention. A good practice is to work with local water boards or other regulatory agency
to determine best sources of fracture fluids as well as best disposal options.

Where possible and chemically suitable and compatible, fracture fluids should be recycled in
subsequent wells for fracture operations there.

Adachi, J., E. Siebrits, A. Peirce’, J. Desroches, 2007, Computer simulation of hydraulic
fractures, International Journal of Rock Mechanics and Mining Sciences, Volume 44, Issue 5,
p. 739-757.

Cipolla, C.L. C. A. Wright, 2000, Diagnostic Techniques to Understand Hydraulic
Fracturing: What? Why? and How?, SPE/CERI Gas Technology Symposium,
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Cleary, M.P., C. A. Wright, T.B. Wright, 1991, Experimental and Modeling Evidence
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SPE Gas Technology Symposium, Houston, TX.

Cleary, Michael P., 1980, Comprehensive design formulae for hydraulic fracturing,
SPE Annual Technical Conference and Exhibition, 21-24 September 1980, Dallas, TX
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Barnett Shale Through an Integration of Real-Time Microseismic Monitoring, Petrophysics,
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Haimson, B., 1968, Hydraulic fracturing in porous and nonporous rock and its potential for
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COMMENTS FROM DR. CASS T. MILLER

Abstract

A meeting of the EPA Science Advisory Board Hydraulic Fracturing Research Advisory Panel
was held on 7 and 8 May 2013. The purpose of this meeting was to seek the individual advice of
the panel members on the current status of the EPA research program as summarized in the
Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources Progress
Report [2] and presented orally by EPA personnel and their contractors during this meeting.
Assignments were made in advance for a series of specific charge questions selected to guide
discussion. Committee member assignments included both writing assignments and lead
discussant assignments, both of which the committee was instructed to reduce a written form. In
addition the committee members were instructed to comment on any other charge question that
they wished to provide input on for the record. These comments are intended to serve as
independent expert advice to EPA and its contractors going forward in its research of the impact
of hydraulic fracturing. This document provides the individual input of the author on this matter
and includes comments on four of the charge questions.

1 Introduction

The following sections provide the individual expert advice of the author on the noted questions.
This input is based upon the draft report and the presentations made by EPA personnel and their
contractors during the 7 and 8 May 2013 meeting of the EPA Science Advisory Board in
Arlington, Virginia.

The EPA research program is organized around five scientific research questions that consider
different aspects of the fracking process: water acquisition, chemical mixing, well injection,
flowback and produced water, and wastewater treatment and waste disposal. A series of specific
charge questions were developed for each of these aspects of the fracking process. The following
input is provided for noted charge questions and the relation of the charge question to the overall
structure is specified in turn.

Question 1:

Under the topic of water acquisition, Charge Question (CQ) 1 seeks input on: what spatial and
temporal scales should be considered for this analysis to best characterize the impacts, if any, on
the availability of water used as a source of drinking water.

Many of the most interesting questions in environmental sciences, and other areas of science as
well, involve issues of scale. Even through fracking is routinely done, the number of wells that
are fractured are small compared to the total number of subsurface wells in existence and the

quantities of water used are small compared to the total quantities of fresh water used at say the
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annual-national scales. From this perspective, one could dismiss the effects of hydraulic
fracturing on water quantity out of hand, since the total water use by fracking is less than 0.1% of
the national water use according to the USGS.

As the spatial and temporal scales decrease, the balance of quantities of water used for fracking
compared to all uses can increase dramatically. When viewed at the local scale in space and time,
the quantity of water used in hydraulic fracturing can become a dominant fraction of the water
budget. This is a result of the short time period over which fracking occurs, which is typically
days to weeks; the potential localized nature of the water with- drawals for fracking; and the fact
that reductions in flow over a short period of time can have long-term consequences (e.g. stream
flows reduced such that ecological health is impacted). If a homeowner or a small community is
adversely impacted by a large but isolated consumptive use of water for a fracking operation,
they will find little solace in the relatively small fraction of water used nationally each year for
fracking. Because of this, it is my opinion that the appropriate scale for considering the impacts
of fracking on water supply must be the local scale at which the water is removed and the
temporal scale over which that removal occurs and the impacts of that removal are manifest.
Adverse environmental impacts should be prevented over all spatial and temporal scales, which
implies that the local scale should be the primary scale of concern and national averages are
really of little concern.

The protection of local scale environmental impacts should be based on the true effects of the
withdrawal, not hypothetical analysis based upon volume considerations alone. For example, a
mitigating consideration is the source of the water used for a hydraulic fracturing operation. If
fracking water is recycled from another site, reclaimed wastewater used, or the source water is
drawn from a non-potable subsurface source, then the quantity of water used for a fracking
operation may be incidental since the use does not impact freshwater resources. The secondary
effects of such uses should be considered though. For example, if reclaimed wastewater is used,
this use could effect surface water flows and exert an adverse effect on the environ- ment. Many
other secondary effects are possible and should be considered.

Question 7: Given that hydraulic fracturing occurs at different depths and in different types of
rock formations, please comment on how to best use results from these simulations to answer the
research questions listed in Table 26 (page 62) of EPA’s Progress Report.

Under the topic of well injection, CQ 7 seeks input on: given that hydraulic fracturing occurs at
different depths and in different types of rock formations, please comment on how to best use
anticipated results from the subsurface migration modeling simulations to assess if migration of
subsurface fluids or gasses to drinking water resources can occur and what geological or
manmade features may allow this?
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EPA through its contractor, Lawrence Berkeley National Lab, is undertaking a comprehensive
investigation that is aimed at mathematically modeling various aspects of the hydraulic
fracturing process and assessing fluid flow and contaminant transport under a set of candidate
scenarios. The approach being taken is to construct a mechanistic model based upon a set of
conservation equations, which are augmented with a set of closure relations and solved
approximately using discrete methods in space and time. The mechanistic model is being used to
inform an assessment of contaminant transport and fate, and resultantly to assess the risk to the
environment from hydraulic fracturing operations.

To both the lay public and scientists and engineers who are not specialists on mechanistic
modeling of this specific nature, the sophistication and complexity of this approach can seem
overwhelming and beyond comprehension. This complexity cannot be an obstacle to the
performance of the best science possible marked by a critical development of the research plan,
careful analysis of the results, and appropriate presentation of the findings to the broad audience
with profound interest in the outcomes of this work. A substantial community of experts in such
modeling exists and the project team, including EPA personnel, contractors, and consultant
advisors, should be comprised of accomplished researchers steeped in such expertise. It is not
helpful for EPA personnel to comment on the sophistication of the methods seemingly in awe of
the knowledge needed to perform the work, conveying the connotation that the complexity
involved is beyond understanding and an indication of the reliability and usefulness of the work.
Rather than assuming the perceived complexity of the modeling is indicative of the realism of
the results, the work should be approached skeptically by all and a careful case built to establish
what can and cannot be inferred from the modeling.

The general guidance provided for the subsurface modeling aspects of this work can be boiled
down to four words: humility, thoroughness, realism, and uncertainty. The relevance of these
four words of advice are given in the paragraphs that follow.

Scientists get into trouble when they over-estimate the level of under- standing of a given
system. Superfund is a classic example in which scientists assumed that they knew more about
transport and reaction phenomena in subsurface systems than was the case. As a result, grossly
unrealistic estimates of time and resources needed to cleanup hazardous waste sites were made.
Such unfortunate occurrences erode the perceived worth of science and make the public skeptical
of mathematical models. It is essential that the work proceed with humility and openness. The
models constructed will have both utility and limitations. It will be important to assess
realistically and honestly the level of knowledge of the issues involved.

The complexity of the physical systems involved is high. The domains are three dimensional and
transient in nature, physical and chemical properties of the system are variable and in general not
precisely known, the systems of concern can involve three fluids, flows are non-Newtonian
under certain conditions, compositional changes can be complex and sharply variable, the
systems are highly non-isothermal, fractured flow is important and the fracture network is
intentionally modified in time and a porous medium deposited in the fractures for mechanical
reasons, fluid flow patterns can be unstable in nature due to viscosity, density, or thermal
changes, and a whole host of computational issues can be manifest that will impact the reliability
of the simulations. Numerical errors can be significant if formal error estimation, automatic
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dynamic adaptive griding, appropriate upscaling methods for parameters, and error control are
not used to reduce spatial and temporal truncation levels to a known and insignificant level. In
short, the simulations to be performed are difficult and many challenges must be overcome to
produce results of optimal utility. These obstacles should be acknowledged and a precise
presentation of unresolved issues should be presented and an assessment of the effect of such
issues should be made. EPA should devote considerable effort to exploring and presenting the
limitations of this work and be resolutely humble in assessing what has and has not been learned
through the modeling work.

EPA should be thorough in their work. It is easy for a modeler to say that more data is needed,
but it is important to make optimal use of the data that is available, to be thoughtful in assessing
the missing data of greatest importance, and to be resourceful in developing approaches to secure
additional data of most importance to advancing understanding. Since all mechanistic models are
simplifications of reality, it is necessary to be thorough in assessing the simplifications made in
the modeling and evaluating the effect of these simplifications on the results. A thorough
approach is one that builds a careful and methodical case to aid the understanding of what may
and should not be concluded from a modeling investigation.

The high complexity of the systems of concern pose a substantial burden to the presentation of
realistic simulations. As an example, the scenarios shown for assessment of potential fate and
transport do not convey a realistic representation of the complex heterogeneous and stochastic
nature of true subsurface systems. It is well understood that subsurface heterogeneity is a
dominant feature that affects fluid flow and contaminant transport and reactions in subsurface
systems. While precise characterization of this complexity is not possible, assuming
homogeneous or simpled layered conditions is not realistic. Many other examples exist, such as
the complexity of the composition of fracking fluids, which have many more constituents than
can likely be simulated. Each aspect of the model should be considered carefully and the most
realistic cases possible simulated.

Because simplifications of the real system must be made and material properties cannot be
precisely known, uncertainty in modeling inputs will exist. EPA and its contractor made it clear
that they considered the sparsity of data to be a concern. Even if the model were perfect and
numerical errors non-existent, uncertainty in model inputs will necessarily lead to uncertainty in
model outputs. The quality of the modeling work could be improved if uncertainty quantification
was included in the analysis. Rather than present the results in a deterministic manner, the results
can better be presented in a probabilistic sense. Following this suggestion will influence the way
in which the research is designed and implemented.

An important aspect of CQ 7 deals with the extensible nature of the modeling results. In
particular, the query was posed on how the simula- tion results can be used to assess situations
not specifically simulated. In general, such extensions of mechanistic modeling results are
difficult when the systems of concern contain many variables of leading-order significance,
making simple analysis or heuristic understanding based methods unreliable approaches to
extending the results. Put another way, the systems of concern are highly complex and uncertain.
Trying to extend what will most certainly be uncertain mechanistic modeling results to cases not
specifically analyzed will be a challenge that will necessarily amplify the uncertainty.
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To be responsive to CQ 7 and constructive some specific comments are offered. Challenges and
uncertainty noted, some approaches exist that could be used to extend the results. First, the
mechanistic model can be put in a non-dimensional form, which will reduce the number of
variables to the minimum set possible. For a system with the complexity of a hydraulic fracturing
system, the set of variables will still be large. Ideally a comprehensive set of simulations probing
the realistic range of the non-dimensional vari- able space would be performed. Statistical
approaches could then be used to approximate conditions not specifically analyzed. An example
of such an approach is given in Rabideau and Miller [1], albeit for a simpler system than the
general case of hydraulic fracturing. If such an approach is taken, it would be important to insure
that the set of simulations include the bounds of the parameter design space. Put another way,
statistical extensions should interpolate not extrapolate mechanistic simulations results. As an
alterna- tive to nonlinear regression methods to extend the results, neural network methods might
also be considered. As a minimum, a detailed sensitivity analysis should be performed to reveal
the most significant variables in the model within realistic bounded ranges. Such an analysis
might be used to reduce the dimensionality of a reduced statistical or neural network model by
discarding some variables of lesser importance.

Question 9: Please identify specific data or literature on the composition of flowback and
produced water in other areas of the country.

Under the topic of flowback and produced water, CQ 9 seeks input on the chemical composition
of flowback and produced water. Some observations can be made regarding this question.

Flowback and produced water should be sampled and monitored. If it isn’t being done so, then
EPA should work with industry to insure that such sampling and analysis is performed, since this
is @ means to advance understanding of the process. These waters are an important source of data
that can provide a meaningful test of subsurface modeling. The extent to which the flowback and
produced water composition can be predicted from the modeling is a measure of the
understanding of the subsurface system and the reliability of the model. While the full
complexity of the composition cannot be simulated, it is reasonable to expect that the general
features of the composition can be simulated. EPA is encouraged to examine a few test cases in
an attempt to validate the subsurface modeling that is being performed.

Question 10: Please suggest ways for the EPA to use these or other data to more
comprehensively assess how spills or leaks may impact drinking water resources.

Under the topic of flowback and produced water, CQ 10 seeks input on the ways in which data
can be used to assess comprehensively how spills or leaks may impact drinking water resources.
The following comments are offered in response to this question.

The issue involved here is assessing how a surface spill can affect drinking water resources. An
accurate analysis will require site-specific information on the volume, release rate, and
composition of the spill; containment and recovery; and details of the physical and chemical
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characteristics of the sub- surface environment. The more accurate and detailed this information,
the more reliable the potential analysis will be of the impacts on drinking water resources.

A means to use the information suggested above in the most accurate fashion would be to
perform mechanistic modeling. The model would need to include two-phase flow, density and
viscosity dependence on composition, compositional transport, sorption, degradation, and
perhaps surface water interactions. While complex, such modeling is simpler than the modeling
being undertaken for the fracturing process itself. In a comprehensive ap- proach, the hydraulic
fracturing simulations would predict the flowback and produced water characteristics and this
composition could be used to simulate a spill and the effects of such a spill. This could be
viewed as an additional scenario of hydraulic fracturing modeling that supplements the cases
depicted in Figures 14-19 [2].
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COMMENTS FROM DR. LAURA J. PYRAK-NOLTE

Charge Questions 3 & 8

Charge Question 3: Water Availability: What spatial and temporal scales should be
considered for this analysis to best characterize the impacts, if any, on the availability of water
used as a source of drinking water?

It is well known in the hydrology and geomechanics communities that the hydraulic and
mechanical properties of fractured porous media are interrelated [1-9]. From a geomehanics
viewpoint, the spatial and temporal scales that need to be included when addressing groundwater
availability from the subsurface are those associated with the local tectonics, seasonal surface
water, water withdrawal from wells, and stress redistribution associated with all of the
component processes of hydraulic fracturing (from drilling to fracturing to flow back to
production). All of these processes affect the porosity, storage, permeability and flow path
connectivity for fractured porous media because the resulting deformation from changes in
stress/pressures causes pores/fractures/cracks/faults to open, close, slip or even initiate new
cracks. The watershed scale model for assessing groundwater availability needs to account for
changes in the pore structure, natural fractures and induced fractures that occur when
stress/pressure on a system changes. The effect of stress on the subsurface hydrology will need to
be performed through averaged/homogenized properties because the current watershed scale
model does not have sufficient resolution to model these processes explicitly or discretely. If the
model assumes no change in porosity/permeability/connectivity for all of the proposed scenarios
in the report, predictions of groundwater availability from the models will be under or over
estimated. The temporal scales associated with the geomechanics are related to time-scales
associated with stress relaxation, fluid pressure redistribution, seasonal fluctuations of surface
reservoirs and the other stress-induced changes that affect aquifer recharge/withdrawal rates.

Charge Question 8: Effectiveness of Well Construction and Operation Practices: Please
comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water resources.

Monitoring the cement bond in a well is a key component of ensuring well construction
effectiveness. In assessing the datasets on cement bonding, the bond index number should be
compared to new analyses performed on the raw data, i.e. the unprocessed signals from the
acoustic/sonic loggers. Detection of cement debonding or cracks requires that attention is given
to the frequency of the signal, the stress conditions and fluid pressures in the borehole as well as
regions of the borehole susceptible to bond failure. The frequency of the signal (or wavelength)
ultimately determines the ability of the measurement to detect debonding, partial debonding or
micro-cracking. The ability to resolve/detect debonding is a function of wavelength and the beam
waist (i.e., illumination area). A good interpretation method would include a multi-spectral or
wavelet analysis that exams wave speeds and reflected-wave amplitudes as a function of
frequency because fractures/cracks/partial-bonds induce frequency dependent elastic wave
responses [10-12]. Failing bonds and micro-cracks are sensitive to changes in stress/borehole
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pressures that either close or open the cracks as stresses increase or decrease. If available,
cement bond data (unprocessed) should be examined for the same location but for different
borehole pressures to assess the effect of pressures on the bonds or poorly bonded regions.
When measuring debonding or cracks, differential measurements (e.g. different stresses,
frequencies, comparison to baseline measurements) provide more information on the condition
of an interface.

The model simulations do not accurately account for the effect of stress on fractures,
either induced or natural. Fluid flow through fractures depends on stress. Fracture deformation
and the amount of fluid that flows through a fracture depend critically on the probability and
spatial distributions of fracture aperture and contact area (e.g. see [5, 8, 13-17]). Petrovitch et al.
[7] showed that how the fracture geometry deforms under stress ultimately affects flow rates, i.e.
it is not simply the change in the aperture but also the local connectivity among the void space
within the fracture (spanning probabilities). The current approach used in the proposed
numerical modeling will probably tend to over predict flow rates if a simple cubic law approach
is taken. Also, when the fractures are not modeled discretely, the connectivity of natural
fractures cannot be appropriately captured through simple averaging or homogenization
techniques and completely ignores the effects of fracture intersections. The accuracy of fracture
slip predictions is not clear nor how it is calculated especially for non-discrete natural fracture
networks whose properties are lumped into one or few elements.

Microseismicity data should also be included in any analysis.
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COMMENTS FROM DR. STEPHEN J. RANDTKE

Charge Question 1: Spatial and Temporal Scales for Water Quality Analysis: What spatial
and temporal scales should be considered for this analysis to best characterize the impacts, if
any, on the quality of water used as a source of drinking water?

Depending on the contaminants of interest and the mechanisms of contamination, spatial scales
of feet (to the nearest drinking water supply well or watershed) to tens of miles and temporal
scales of days to decades may be relevant. Many water supply wells tap relatively shallow
aquifers or draw from more than one aquifer, and in either case even a small amount of
drawdown or a small change in the direction or velocity of the local groundwater flow can
significantly influence water quality. Water is needed only temporarily for a single hydraulic
fracturing operation, but if numerous wells are being installed in a given area and if they will
eventually be re-fractured, water acquisition may be a long-term activity. Long-term withdrawals
can affect regional groundwater flow, which can potentially have adverse impacts on drinking
water quality, for example by moving “plumes” of saline water toward water supply wells over
long distances (more than a county away) and time frames (decades).

Water withdrawals are expected to influence water quality in much the same way as drought.
One way to assess the potential impacts of withdrawals in a given area is to examine historic
water quality data as a function of stream flow for surface water supplies (often available from
the USGS if they have a stream-gage and sampling station nearby) and as a function of depth to
water for groundwater supplies. During a drought one typically sees increases in TDS, bromide,
and chloride in both surface and groundwater supplies.

Charge Question 2: Water Quality Characteristics: Please identify the most important water
quality characteristics that should be considered.

In addition to the “usual suspects” such as TDS, oxidation—reduction (redox) potential should
also be considered because it can greatly influence the concentrations of constituents such as
iron, manganese, and arsenic in groundwater. Significant and variable concentrations of
ammonium nitrogen are also commonly present in groundwater, and could potentially be
influenced by withdrawals, so ammonium also ought to be included in this assessment.

Charge Question 3: Water Availability: What spatial and temporal scales should be
considered for this analysis to best characterize the impacts, if any, on the availability of water
used as a source of drinking water?

This depends strongly on the locations and magnitude of the withdrawals relative to drinking
water resources. Groundwater withdrawals could potentially draw down water levels in nearby
drinking water supply wells very quickly, influencing both their capacity and the quality of the
water. Significant withdrawals of either surface water or groundwater over an extended period
of time could influence the availability of surface water, especially when stream-aquifer
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interactions are taken into consideration, and could potentially impact regional groundwater
flow, availability, and quality.

Charge Question 4: Fluid Composition and Potential Impacts to Drinking Water
Resources: Given the data sets available, what information on fluid composition, factors
affecting composition, and/or trends in composition of hydraulic fracturing fluids may be most
useful for identifying potential impacts to drinking water resources across the United States?

Logically, greater attention should directed toward compounds used in higher concentrations and
in larger amounts, as well as to those that are more highly toxic. Since the toxicity of a chemical
mixture can differ significantly from the additive toxicities of its components, it might be
worthwhile to search the literature and available toxicity databases for toxicity data specifically
applicable to representative hydraulic fracturing fluids in addition to information pertaining to
individual chemicals used to prepare HF fluids.

Given the very large number of chemicals listed, it might be advantageous to determine whether
a limited number of hypothetical chemical mixtures could be used to represent the great majority
of mixtures currently used in the field. These hypothetical mixtures would be composed of the
most frequently used chemicals grouped together in a logical manner, that is, by grouping
together chemicals that are commonly used together (based on analysis of the database) and
including in each mixture at least one chemical of each class normally represented in a typical
hydraulic fracturing fluid, such as a proppant, a thickener, a viscosity reducer, an acid, and a
biocide. These mixtures could then be used in conjunction with treatability studies, scenario
modeling exercises, or toxicity assessments, performed in other phases of the study, to examine
potential impacts on drinking water.

Charge Question 5: Historical Changes and Current Trends in Fluid Composition: What
key historical changes or current trends, if any, in hydraulic fracturing fluid composition should
be considered as the EPA assesses the chemicals listed in Appendix A of EPA’s Progress
Report?

EPA recognizes that industry practices are changing and has appropriately focused its attention
on both the most recent FracFocus data and on service company records from 2005 — 2010, the
time period during which the industry began expanding very rapidly. EPA also recognizes that
recycling and reuse of wastewater is contributing to changes in the composition of hydraulic-
fracturing fluids. Though it may be tempting to look forward and focus primarily on current and
anticipated future HF fluid compositions, this will be a bench-mark study that will help guide
many other studies addressing questions involving both past and present practices. Therefore, it
is important for EPA to consider both past and present HF fluid compositions. Furthermore, as
noted in the presentation on chemical mixing by EPA Scientist Jeanne Briskin, “companies
report that they are trying to use more environmentally friendly chemicals.” Therefore, EPA
ought to examine trends in fluid composition to determine whether there is in fact a trend toward
use of more environmentally friendly hydraulic-fracturing fluids, which might be considered an
important development by both the public and policy makers.
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Charge Question 6: Indicator Chemicals: What criteria should be considered when
identifying indicator chemicals, and why?

An ideal indicator chemical would be: 1) stable underground, not significantly degrading either
chemically or biologically, lest it be lost before it can be detected; 2) conservative — not only
stable but also not adsorbed, volatilized, or in some other manner removed from the HF fluid as
it is diluted and transported away from the point of injection; 3) mobile in groundwater — at least
as mobile as components of interest that could potentially contaminate groundwater; 4) absent
from the natural environment, lest it yield false signals; 5) used only in HF fluids and not in other
products that could potentially be present, e.g., due to spills of other products; and 6) detectable
in HF fluid diluted up to the point where concentrations of constituents of interest are no longer
of concern with respect to drinking water contamination. This is a pretty tall order, and more
than one indicator chemical will be needed unless one can be identified that is present in all HF
fluids. If suitable individual chemical indicators cannot be identified, perhaps EPA can identify
certain combinations of chemicals that, when found together, indicate the presence of HF fluid.

Charge Question 7: Subsurface Fluid Migration Scenarios: Given that hydraulic fracturing
occurs at different depths and in different types of rock formations, please comment on how to
best use results from these simulations to answer the research questions listed in Table 26 (page
62) of EPA’s Progress Report.

One of the questions in Table 26 is: “Can subsurface migration of fluids or gases to drinking
water resources occur and what local geologic or man-made features may allow this?” The
scenarios identified in the progress report merit investigation using LBNL’s modeling approach;
but four additional scenarios may also merit consideration.

Scenario C involves upward migration of contaminants through “sealed/dormant fractures.”
What if there were an undetected fault nearby that was unsealed and/or active, and it was located
just far enough away that normal pressure could be sustained during the hydraulic fracturing
process, such that the operator would not detect something amiss and halt the operation? Would
this scenario not pose a greater risk of contamination than Scenario C? If so, and if such a
scenario is reasonably possible, EPA should consider adding it as Scenario C2.

Scenarios D1 and D2 involve nearby offset wells with deteriorating cement or compromised
casings. In some states, including Kansas, there are tens of thousands of abandoned and
unplugged exploratory wells, some of which are have been found to be responsible for drinking
water contamination. These wells were drilled decades ago (when such activities were
unregulated) and most of them presumably targeted oil or gas reservoirs at shallower depths than
those being tapped today by modern hydraulic fracturing methods. However, if there were
abandoned exploratory wells in an area where hydraulic fracturing is practiced, and if some of
the wells extended down to the vicinity of the reservoirs or coal beds being fractured, it seems
logical to assume that they could pose an even greater threat to drinking water than wells with
deteriorating cement or compromised casings. If this scenario is plausible (and it may not be if
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abandoned wells do not penetrate to relevant depths), it ought to be added to the study, perhaps
as Scenario D3.

During the panel meeting, it was noted that boreholes are not necessarily sealed all the way down
to the reservoir being fractured, such that methane gas can migrate from lower strata, up through
the borehole, and into nearby drinking water supplies. Since there seems to be at least some
evidence to suggest that this has occurred at some locations, it seems logical to include this
scenario in the modeling effort and to determine, using the model, what levels of methane (and
perhaps other gases, such as radon) could potentially reach a nearby well and what factors most
strongly influence this process. If rising gases can, by means of an air-lift effect, potentially carry
dissolved constituents up through the unsealed section of a water-flooded borehole, this too may
merit investigation.

The scenarios described in the progress report focus primarily on the early stages of the life cycle
of a hydraulic fracturing operation. It may be appropriate to also evaluate the potential for
groundwater contamination during other phases of the life cycle. What might happen if portions
of the well casing deteriorate and the well is developed 10-15 years after it was initially
constructed? Could gases and dissolved contaminants rise up through an abandoned HF well (by
means of artesian flow or an air-lift effect as dissolved gases form air bubbles) and contaminate
drinking water? Current regulations typically require plugging of abandoned wells, but given the
number of HF wells being constructed it seems almost inevitable that some will be abandoned,
either intentionally or inadvertently, and that some will be incompletely plugged. Is the potential
for abandoned or improperly plugged wells to contaminate groundwater significant; and, if so,
are current regulations adequate to address this problem?

Charge Question 8: Effectiveness of Well Construction and Operation Practices: Please
comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water resources.

If possible, it might be informative to simultaneously query both the well file review database
and the spills database to see if there is any correlation between well construction and operation
practices and the frequency or magnitude of spills and leaks. It would also be helpful to review
the well files for all wells associated with major spills or leaks to determine whether practices at
these sites differ from regional or national norms. Since none of the well files reviewed fall
within the boundaries of the retrospective case studies, perhaps statistically sampled sets of well
files for wells within each case study site could be evaluated to determine whether practices
within the case study sites are typical of those employed elsewhere.

Charge Question 9: Composition of Flowback and Produced Water: Please identify
specific data or literature on the composition of flowback and produced water in other areas of
the country.

EPA should also consider contacting state regulatory agencies in state where hydraulic fracturing
is practiced, specifically agencies having the authority to regulate underground injection wells
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and discharges of hydraulic fracturing wastewaters to POTWSs, non-POTWSs, other disposal
facilities, or the environment. These agencies may have information regarding the composition
of HF wastewaters in their area; and if they place any concentration limits on wastewater
discharges, the limits could be used to assign the discharges to a particular concentration range.

Charge Question 10: Assessing How Spills or Leaks May Impact Drinking Water
Resources: Please suggest ways for the EPA to use these or other data to more
comprehensively assess how spills or leaks may impact drinking water resources.

Characterizing the occurrence, volume, and nature of spills and leaks associated with hydraulic
fracturing is a formidable challenge for many reasons, including the large number of records,
variations in reporting requirements, and uncertainty as to the precise nature of many of the
reported spills. Nevertheless, this is a very important component of the research plan and the
best course of action appears to be to forge ahead, extract as much information from the records
as possible with available resources, and add appropriate qualifying statements to the final report
to address the limitations of the database. Given the large number of records available, as well as
their various limitations, it may be necessary to choose statistically representative subsets of the
records and to train interns to evaluate them and to extract and digitize the relevant information.

When evaluating a given spill or leak, it is important to determine, in addition to the information
being compiled as described on p. 33 of the progress report: 1) exactly what was spilled or
leaked, e.g., hydraulic fracturing fluid, a chemical used to prepare hydraulic fracturing fluid,
flowback water, or produced water; and 2) the disposition of the spill or leak, i.e., whether it was
contained, cleaned up, or released into the environment, e.g., by soaking into the ground,
evaporating, or flowing off site. It is releases, rather than spills or leaks per se, that are most
important in assessing the potential for drinking water contamination.

For each data set used in compiling the spills database, it will be important to note the reporting
limits and to determine if significant spills may have been missed and if trivial spills have been
included. It may be appropriate to identify and remove trivial spills from the analysis, but sound
judgement will be required to establish the criteria for identifying trivial spills. For example, the
reporting limit for a number of compounds regulated under RCRA is one pound. One pound of
ethylene glycol spilled into a depression in the pavement could Kill a thirsty bird or animal, but
would cause no harm at all if it soaked into the ground. On the other hand, one pound of a
volatile solvent might evaporate in minutes from a paved surface but could contaminate a large
volume of groundwater if spilled onto highly permeable ground shortly before a storm event.

On page 33 (Section 3.2.3 of the progress report) there is a list of “excluded topics” following a
statement that the “main focus of this study is to identify hydraulic-fracturing related spills on
the well pad that may impact drinking water resources” (emphasis added). Although it seems
clear that this portion of the study is designed to focus on “surface spills” as indicated in Table
13 (p. 31, Sect. 3.2.1), which lists the secondary research questions being addressed, it seems
overly restrictive to limit the analysis to spills “on the well pad.” Also, although some of the
exclusions (e.g., air release and erosion control) make sense given the focus and previously
described boundaries of the study, it is not clear why EPA considers it appropriate to exclude
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“transportation related spills” and “leaks from pipes carrying flowback and produced water from
one site to another for reuse.” If the types or amounts of chemicals being transported into a
given area for the purpose of hydraulic fracturing greatly increases over background levels, or if
a leak in a pipe carrying flowback or produced water goes undetected for an extended period of
time (as is sometimes the case for pipelines carrying oil, gas, water, or wastewater), it seems
logical to believe there may be a significantly increased risk of drinking water contamination.

Once the database has been appropriately screened and digitized, it should be possible to extract
some very helpful information from it, including the frequency of various types and sizes of
spills and leaks (normalized based on some appropriate parameter, perhaps the number of wells
drilled), and trends in spill frequency as a function of time (Is the industry improving in this
regard?), size and nature of operation, geographic location, state regulatory requirements, and
other factors. Section 3.2.5 in the progress report indicates that EPA is thinking along similar
lines.

It might also be informative to compare the incidence of spills and leaks associated with
hydraulic fracturing with the incidence of spills and leaks associated with other activities, such as
refining and transportation of gasoline and diesel fuel, well rehabilitation (which can involve
handling of acids, chlorine, and surfactants), and pesticide application by farmers. The key
would be to find an appropriate way to normalize the data. A relatively high incidence of spills
and leaks might suggest a need for improved training or better safeguards.

Another possible way to utilize the spills database is to estimate the frequency of various types
and sizes of spills and to then use this information as one major component of a scenario
modeling exercise that would also require a representative and appropriately constructed set of
potential drinking water contamination scenarios. Using a Monte Carlo simulation method (or
other appropriate techniques) it would then be possible to estimate the chances that a spill or leak
could contaminate a drinking water supply and to identify the circumstances most likely to result
in drinking water contamination. Perhaps data from several of the retrospective case studies
could be used to generate representative sets of potential contamination scenarios.

The research approach described in the progress report and in the presentation by EPA scientist
Jeanne Briskin is an excellent one that should yield some very good information regarding the
incidence and composition of spills and leaks. However, it is possible that the overwhelming
majority of spills and leaks included in the database are trivial in nature, at least with respect to
drinking water contamination; and it is also possible that some major spills and leaks will not be
included in the database or may be screened out if a more manageable set of records is selected,
using statistical sampling procedures, for more detailed analysis. It is therefore possible that
some major spills and leaks may be overlooked or largely ignored in the final report. For this
reason, and for the additional reasons outlined below, EPA should consider preparing a
comprehensive list of major spills and leaks and then carefully characterizing and evaluating
them. Even if EPA creates a “reference table of information gathered from all incidences
determined to be related to hydraulic fracturing” (p. 38, Sect. 3.2.5), and if this table includes all
known major spills and leaks, EPA should still consider creating a separate list of major spills
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and leaks and then examining them in greater depth than would be possible for numerous minor
spills and leaks.

To prepare a list of major spills and leaks, EPA would need to develop criteria to determine
which spills and leaks should be consider “major.” Possible criteria include spills and leaks
exceeding a certain mass or volume; those known to have contaminated drinking water or that
are suspected of having done so; those known to have caused significant environmental damage;
and those large enough to have drawn media attention. The goal would be to choose criteria that
would keep the list to a manageable size while including all major spills and leaks, especially
those that have been “in the public eye.” To maximize use of existing study resources, EPA
could compile this list by supplementing the information in its existing spills database with
information on major spills or leaks found during the literature review phase of the study and
with information provided by various stakeholder groups.

A list of major spills and leaks could be further developed by determining, for each major spill or
leak: what was spilled, how much was spilled, what was done to address the problem, and
whether there is any scientifically credible evidence to suggest or conclusively prove that the
spill or leak resulted, or did not result, in drinking water contamination. For each major spill or
leak that was studied to examine its potential impacts on drinking water, it would be appropriate
to include a critical review of the research and its conclusions in the final report. The list could
also be examined to determine whether major spills and leaks tend to be associated with certain
types or sizes of operations, with certain geographical areas, or with other factors.

It could be argued that major spills and leaks are extreme events that are not representative of
routine hydraulic fracturing activities and that, in any event, a reasonably good estimate of the
frequency of major spills and leaks will emerge from a properly conducted statistical analysis of
the spills database. However, there are several reasons why a complementary effort focusing
specifically on major spills and leaks merits consideration: 1) major spills and leaks have an
inherently greater potential than minor ones to contaminate drinking water supplies, which is the
primary focus of the study; 2) if the study were to conclude that major spills and leaks pose a
significant risk of contamination to public water supplies but minor spills do not, a more in-depth
analysis of major spills and leaks would be helpful in developing policies to address such risks;
3) if the study were to conclude that major spills and leaks, when properly managed, do not pose
a significant risk of drinking water contamination, this would suggest that individual minor spills
and leaks pose little or no risk — though the cumulative effects of numerous minor spills and
leaks might still be significant; 4) major spills and leaks are much more likely to be well
documented and studied than minor ones, such that there is much that can potentially be learned
from them (as is often the case when the FAA investigates an airline crash or the Chemical
Safety Board investigates an accident at a chemical plant); and 5) major spills and leaks are those
the public is most aware of and most concerned about, and specifically addressing them in the
final report will improve public understanding of the issues involved and increase confidence in
the validity of the study and its conclusions.

In regard to the last point, it is worth noting that most members of the public do not have a very
good understanding of statistical sampling protocols, risk analysis, geohydrology, hydraulic
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fracturing operations, and various other aspects of the study. If the study ignores known major
spills and leaks while devoting a great deal of attention to the statistics of innumerable records of
minor spills and leaks, it is likely that at least some members of the public will conclude that
important information was ignored and they will therefore lack confidence in its results. The
same can be said about sites where the public believes or suspects that hydraulic fracturing has
caused drinking water contamination (as the result of spills, leaks, wastewater discharges,
drilling operations, or other possible causes). This point was made abundantly clear in several of
the public comments submitted in conjunction with the advisory panel’s meeting. Specifically
addressing major spills and leaks, as well as known or suspected sites of drinking water
contamination, would significantly enhance public confidence in the results of the study. Perhaps
EPA was already planning to do this as part of the study’s literature review.

Charge Question 11: Wastewater Treatment and Waste Disposal Chemicals: Please provide
recommendations for other specific chemicals that are of interest from a wastewater treatment
and/or drinking water treatment perspective.

Other specific chemicals that merit inclusion are: 1) iodide (discussed below in response to
Charge Question 12); 2) ammonium, which is present in relatively high concentrations in
groundwater sources and can exert a significant chlorine demand or otherwise interfere with
drinking water disinfection; and 3) methane. Methane has been known to accumulate and cause
explosions in enclosed spaces in water transmission facilities and customers’ homes, and it can
stimulate bacterial growths in water mains at concentrations less than 1 mg/L. Methane is highly
volatile, so the key is to determine whether there is a realistic way for residual methane in
hydraulic fracturing wastewater to end up in a drinking water supply.

Specific “group parameters” that merit inclusion are 1) disinfection byproduct (DBP) formation
potentials (including potential to form trihalomethanes, haloacetic acids, and total organic
halogen) and the associated yields of these DBPs based on measurement of total organic carbon
(TOC) on the same samples; and 2) specific UV absorbance (SUVA), which has been found to
be correlated with various properties of DBP precursors and which might also prove useful for
characterizing any precursors found in hydraulic fracturing wastewater.

Other possibilities include nitrosamines, taste- and odor-causing chemicals, and chlorine
demand. If any nitrosamines are used in hydraulic fracturing, they should be included in the
study due to current concerns about nitrosamines among those in the drinking water community.
It might also be a good idea to check the threshold odor values of the compounds in Appendix A
and to ascertain whether any of them could potentially cause taste and odor problems in
downstream drinking water supplies. The first organic chemical regulated in drinking water
supplies in the U.S. (phenol) was regulated because it reacts with chlorine to produce compounds
that produce objectionable taste and odor at concentrations of only a few pg/L. Since many of
the compounds listed in Appendix A are known to react with chlorine, which is widely used to
disinfect drinking water supplies, measurements of the chlorine demand of hydraulic fracturing
wastewater (appropriately treated and diluted to reflect realistic scenarios) would be helpful in
assessing potential impacts on drinking water treatment plants — and the same samples could
potentially be evaluated for taste and odor.
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Charge Question 12: Trends in Wastewater Management that May Affect Hydraulic
Fracturing Wastewater: What key trends in wastewater management, if any, may affect the
volume and/or composition of hydraulic fracturing wastewater being treated and discharged to
surface water?

Both the progress report and the presentation by Dr. Impellitteri noted the trend of increased
recycling and reuse of hydraulic fracturing wastewater (both flowback and produced water) and
identified several of the driving forces behind this trend. This trend is not unique to hydraulic
fracturing and is entirely consistent with the bigger picture of water supply and demand
throughout the U.S. and the world. The demand for water is increasing in most parts of the
world, especially in areas experiencing long-term drought, such as much of the western U.S.
Increased demand for water is driving up the cost of water and causing wastewaters to be
increasingly viewed as water sources rather than “wastes,” waters of different qualities to be
increasingly viewed as part of “one water,” and wastewater treatment facilities to be increasingly
viewed as water reclamation facilities regardless of the ultimate fate of the treated effluent.
Therefore many, if not most, water users are looking for opportunities not only to reuse or
recycle water, in some cases by partially treating wastewater and then diverting it to another use
(a practice sometimes referred to as treatment tailored for use), but also to reduce water
consumption, e.g., by using water more efficiently. Produced water is itself a potential
commodity, and at least one report (Global Water Intelligence, 2011) has been written to assess
the market for it.

In addition to reuse and recycling, other trends that may influence the volume and/or
composition of hydraulic fracturing wastewater include: 1) the use of poorer quality source
waters (driven by the cost and availability of high quality source waters and made possible by
formulations able to handle higher TDS waters); and 2) changes in hydraulic fracturing fluid
formulations to improve performance, to utilize poorer quality source waters (including reused
and recycled waters), to address local or regional conditions, to reduce toxicity, or to reduce cost.

Reuse and recycling of hydraulic fracturing wastewaters, as well as use of lower quality source
waters, is expected to result in production of increasingly concentrated waste streams. This in
turn can logically be expected to result the following trends:

1) anincreased tendency for precipitates to form, which can influence the technical and
economic feasibility of treatment and disposal options, and an increased opportunity for
trace elements initially in solution to be transferred to the solid phase (by precipitation,
coprecipitation, or adsorption), which would affect their transport and fate and the
characteristics of both liquid and solid waste streams. (A related trend is increased land
application of biosolids, and constituents that end up in land-applied biosolids could
potentially be carried by runoff events into downstream drinking water supplies.)

2) increased use of antiscalant chemicals. This would be expected to alter the composition
of both liquid and solid waste streams; to influence the performance of various treatment
processes (e.g., antiscalants tend to interfere with precipitation processes, but might be
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added to improve the performance of a membrane process); and to render some waste
constituents far more soluble that they would be in natural waters.

3) increased incentives to consider wastewater treatment processes not commonly employed
at POTWs or even by most non-POTWs currently treating hydraulic fracturing
wastewater. Examples include precipitation and crystallization processes; membrane
processes (including reverse osmosis and electrodialysis metathesis); and perhaps
oxidative processes, including advanced oxidation processes, able to treat selected non-
biodegradable organic constituents or reduced inorganic constituents such as arsenite. In
some locations, zero liquid discharge (ZLD) schemes may merit consideration for
treatment of highly concentrated waste streams.

4) increased limitations on disposal options, some of which are limited in their ability to
handle higher strength wastewaters.

Dr. Impellitteri noted that research on formation of brominated disinfection byproducts (DBPS)
was being deemphasized, at least in this particular portion of the study. Many concerns about
brominated DBPs can be addressed by determining the bromide content of waste streams and
then coupling scenario modeling with previously published information regarding the effects of
bromide on the rate and extent of DBP formation. Bromide is not expected to be removed by
most treatment processes that do not remove TDS, and it should be removed at least as well as
TDS in processes designed to remove TDS. Therefore, treatment studies on bromide removal do
not appear to be warranted. Studies of oxidative treatment processes should consider the
possibility that bromide will be converted to hypobromous acid, hypobromite, or bromate.
Hypobromous acid and hypobromite react rapidly with organic matter to form brominated DBPs,
and the MCL for bromate in drinking water is only 10 pg/L.

Two other concerns related to DBPs in drinking water merit special attention. First, there is
concern that hydraulic fracturing wastewaters may contain significant concentrations of DBP
precursors which, if released downstream, could result in increased concentrations of DBPs in
downstream drinking water supplies. This is a particularly sensitive topic at the moment because
many drinking water utilities are already concerned about their ability to consistently meet the
more stringent (locational) DBP standards recently promulgated by EPA. A good way to address
this would be to determine total organic carbon (TOC) and specific UV absorbance (SUVA) on
representative samples of hydraulic fracturing wastewater and, on the same samples, to
determine the yields of trihalomethanes, haloacetic acids, total organic halogen, and other DBPs.
These yields could then be compared to those reported in the literature for other sources of DBP
precursors and representatives scenarios could be developed to evaluate the potential impacts on
downstream drinking water supplies.

A second concern has to do with iodinated DBPs. Over the past several years a number of
published papers have reported the presence of low levels of iodinated DBPs in drinking water.
Other studies (e.g., those by Michael Plewa et al.) have found that iodinated DBPs are more toxic
to cells (but not necessarily to human cells) than both brominated and chlorinated DBPs. It
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would be prudent for the U.S. EPA to address this concern by determining the iodide

concentrations in representative samples of hydraulic fracturing wastewater, especially if iodide
can be determined using the same analytical method used for bromide.
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COMMENTS FROM DR. JOSEPH N. RYAN

Charge Question 7: Subsurface Fluid Migration Scenarios:

Given that hydraulic fracturing occurs at different depths and in different types of rock
formations, please comment on how to best use results from these simulations to answer the
research questions listed in Table 26 (page 62) of EPA’s Progress Report.

In response to the question “Can subsurface migration of fluids or gases to drinking water
resources occur and what local geologic or man-made features may allow this?” from Table 26, |
recommend that the LBNL researchers examine the results of geothermal energy enhancement.
Hydraulic fracturing was used to improve the flow of water through rock formation. Information
was gathered about the resulting permeability of the fractured formations. One recent relevant
publication is Tarrahi and Jafarpour (2012, Inference of permeability distribution from injection-
induced discrete microseismic events with kernel density estimation and ensemble Kalman filter,
Water Resources Research 48(10), W10506, doi:10.1029/2012wr011920).

In response to the public comment, | concur that the EPA should use occurrences of groundwater
contamination alleged to be linked to hydraulic fracturing to test the models developed by the
LBNL researchers. | recommend attempts at modeling flow and transport for (1) Pavillion,
Wyoming, (2) West Divide Creek, Garfield County, Colorado, (3) Dimock, Pennsylvania, and
(4) the West Virginia case study reported by the EPA in the late 1980s. Application of the flow
and transport models to these situations could add relevant insight and enhance confidence in the
modeling approach, if done correctly. The LBNL researchers give the impression of being
capable of doing the modeling correctly.

Charge Question 10: Assessing How Spills or Leaks May Impact Drinking Water
Resources: Please suggest ways for the EPA to use these or other data to more
comprehensively assess how spills or leaks may impact drinking water resources.

The EPA progress report states that the following information about spills is being collected:
e location
e chemicals/products spilled
e estimated/reported volume of spill
e cause of spill
e reported impact to nearby water resources
e proximity of the spill to the well or well pad

Information about the location of spills can be used to determine the nature of underlying soils
and sediments. Knowledge of the underlying soils and sediments can be used to assess the
susceptibility of nearby surface waters and underlying groundwater to contamination.
Knowledge of underlying soils and sediments would give an indication of permeability and the
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likelihood of overland flow versus infiltration, of composition and likelihood of sorption of
infiltrating contaminants, and of depth to groundwater and likelihood of infiltrating contaminants
to reach the water table.

Information about the chemicals and products spilled can be used to identify the potential risk of
transport to the surface or groundwater based on the toxicity, persistence, and mobility of the
contaminants. A quick assessment of toxicity, persistence, and mobility can be used to focus
investigations on a few chemicals rather than the typically large number of chemicals that might
be present in spills and leaks.

Information about the volume of the spill can be used to assess, or predict, the amount of surface
or groundwater that may become contaminated, and perhaps whether or not the spilled
compounds will dissolve into water or be transported as a pure phase (e.g., a non-aqueous phase
liquid).

Information about the cause of the spill can be assessed to identify areas in need of improved
management practices. A perusal of the Colorado spills and leaks database suggests that “tank
batteries” are frequently involved, which suggests that proper installation and maintenance of
piping is not a sufficiently high priority for oil and gas operators.

Information about the reported impact to nearby water resources, if reported in sufficient detail,
can be used to assess the fate and transport of compounds as retrospective studies and as field
data for calibration of contaminant fate and transport models. A perusal of the Colorado spills
and leaks data base indicates that the reported impact to nearby water resources is almost always
“none” with no description of how this determination was made, so the information about
reported impact may not be much help.

Information about the proximity of the spill to the well or well pad may be useful for assessing
the likelihood that the spill was limited by secondary containment and whether or not current
containment practices are adequate to prevent common spills.

Some questions | raised during the panel discussion which were not addressed by the EPA
personnel present:

e The schematic for the spills and leaks section of the EPA Progress Report (Figure 8, p.
18) for this section shows fluids in a storage impoundment. Are compounds that leak
from such temporary pits monitored and reported as spills? 1 did not see such
occurrences listed as spills in the Colorado database, yet some leakage from pits is
almost inevitable.

e The EPA Progress Report states that pipelines are specifically excluded from
consideration as leaks and spills — why?

e Most of the reports of spills in the Colorado database address response and remediation,
but very few or no details are provided on the monitoring done to determine the spread
of the contaminant. With more data provided, or discovered for cases involving

155



Individual Comments from Members of Science Advisory Board Hydraulic Fracturing Research Advisory Panel on
EPA’s Progress Report: Potential Impacts of Hydraulic Fracturing on Drinking Water Resources — December 2012.
These comments do not represent SAB consensus comments nor EPA Policy.

contaminants of concern, better information could be made available to learn about
contaminant fate and transport associated with spill and leaks.

e As panel members mentioned during the discussion, the possibility that certain spills
could be used as “unplanned” prospective case studies should be investigated.

e A study testing for correlation between compromised water quality in surface and ground
water and proximity to spills and leaks locations should be done to assess the impact of
spills and leaks on water quality.
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COMMENTS FROM DR. JAMES E. SAIERS

Response to Charge Question 2 on Water Quality Characteristics: Please identify the most
important water quality characteristics that should be considered.

As a part of the “Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water
Resources, the EPA is gathering information on the volumes and sources of water used in
hydraulic fracturing and will use this information to review published literature to assess whether
these type of water withdrawals may impact local water quality. | was asked to identify the most
important water-quality characteristics that should be considered. In accordance with this
directive, my suggestions and comments will focus exclusively on the water-quality responses to
the withdrawals of freshwater that will be used for the purpose of hydraulic fracturing.
Moreover, my remarks will center on surface-water withdrawals and, to a lesser extent,
groundwater withdrawals, although it should be noted that recycled water and municipal water
supplies are also used for hydraulic fracturing. | will not address potential water-quality issues
associated with frac-fluid injection during hydraulic stimulation or water-quality issues arising
from the treatment, disposal, or inadvertent release of produced waters. These issues are beyond
the scope of the charge question, which deals solely with freshwater withdrawals.

Surface water used in hydraulic fracturing is primarily drawn (pumped) from streams and rivers
located near the gas-well sites. In Pennsylvania, for example, these are permitted withdrawals in
which the maximum rates and volumes of extraction are set on the basis of the historical stream-
flow characteristics in the vicinity of the withdrawal location. The rates at which surface water
is withdrawn for hydraulic fracturing are very small in comparison to the volumetric discharge of
larger streams and rivers. In contrast, frac-water withdrawals may comprise a non-negligible
proportion of the total flow of small streams (e.g., 1% and 2™ order), particularly under summer-
time baseflow conditions. Therefore, extraction of water from small streams, if not carefully
regulated, could impart changes in flow that, in turn, alter water quality.

Parameters that characterize stream-water quality exhibit considerable natural variability at
hourly, daily, seasonal, and annual time scales. Stream-water turbidity, temperature, dissolved
oxygen, and conductivity vary, often in discernible ways, with changes in stream flow. These
water-quality parameters can be measured in the field at high temporal resolution with stream-
submersible probes. Concentrations of major cations and anions, as well as concentrations of
dissolved organic carbon, also respond to changes in stream discharge. These dissolved
chemicals are typically measured in the laboratory on stream-water samples collected in the
field. This full complement of stream-water properties and constituents should, | believe, be
targeted in EPA’s analysis, with an emphasis placed on the monitoring of small streams. These
data would be of greatest value and most appropriate for distinguishing natural variations from
withdrawal-induced variations in water quality if they were collected at times corresponding to
periods of frac-water withdrawals and at points upstream and downstream of the locations of
water withdrawal.

There are few existing stream-water monitoring programs that have been designed for the
purpose of evaluating the potential effects of frac-water withdrawals on stream-water quality.
Water-quality databases maintained by the EPA, USGS, and river-basin commissions (e.g.,
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Susquehanna River Basin Commission) may yield some useful observations, but these
monitoring programs typically (but not always) target larger streams and rivers, and, as a result
water-quality data for small streams are scarce. This scarcity of data has significant implications
to the EPA study because small streams are likely to exhibit the greatest sensitivity to frac-water
withdrawals. To address these limitations, EPA should consider instituting its own monitoring
program within several streams of different shale plays where surface-water is being used to
support hydraulic-fracturing operations. This water-quality monitoring need not be long-term,
but it should persist for at least one year and be conducted in coordination with industry’s
surface-water users to time water-quality measurements with periods of frac-water withdrawals.

Groundwater supplements surface-water as a source of frac water in eastern shale plays and
comprises a large proportion of frac water in shale plays found in more arid regions of the United
States. Changes in groundwater chemistry caused by groundwater pumping for irrigation,
mining, drinking-water supply, and other purposes have been widely cited. In these cases, the
nature of the shifts in groundwater chemistry is governed by a number of factors, including the
extent of drawdown, the texture and chemical composition of the water-bearing geologic strata,
the locations of flow-system boundaries, and characteristics of groundwater recharge.

The same physicochemical parameters used to assess surface-water quality (see above) are
appropriate for assessing changes in groundwater quality that might be caused by withdrawals
for hydraulic fracturing. This chemical screening could be extended to include trace metals that
could be mobilized, for example, if subsurface redox conditions change as pumping reduces
groundwater levels. In addition to testing the groundwater withdrawn by the industry operators,
groundwater samples should be collected from nearby residential or commercial water-supply
wells (if any) and evaluated for their chemical composition.

Similarly to surface-water chemistry, groundwater chemistry is not constant, but exhibits
spatiotemporal variability owing to natural processes and various anthropogenic activities, in
addition to groundwater pumping, that alter groundwater flow patterns and the chemistry of
groundwater recharge. For this reason, baseline data should be collected prior to the period of
groundwater extraction for hydraulic fracturing to define seasonal and sub-seasonal variations in
groundwater chemistry that are unrelated to water usage for hydraulic stimulation.

Response to Charge Question 7 on Subsurface Fluid Migration Scenarios: Given that
hydraulic fracturing occurs at different depths and in different types of rock formations, please
comment on how to best use results from these simulations to answer the research questions
listed in Table 26 (page 62) of EPA’s Progress Report.

As a part of the “Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water
Resources, the EPA and Lawrence Berkeley National Laboratory (LBNL) are preparing to
conduct a suite of model simulations to explore the influences of hydraulic fracturing on the
migration of fluids and chemicals within subsurface environments. These simulations are being
designed to evaluate the movement of groundwater, dissolved solutes, and gases along
improperly sealed gas-well bores, through naturally occurring and induced fractures, and along
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abandoned gas/oil wells that penetrate shallow aquifers and extend through the target shale
formation.

I was asked to comment on how to use the results of these model simulations to answer the
following two questions that appear in Table 26 (page 62) of the EPA Progress Report:

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

(2) Can subsurface migration of fluids or gases to drinking water resources occur and
what local geologic or man-made features may allow this?

General Comments

Development and application of hydrogeologic models are a critical aspect of the EPA study and
will lead to insights that cannot be readily gleaned from field-based observations alone. Peer-
reviewed modeling studies of the hydrogeochemical responses to hydraulic fracturing are rare,
and those that are available suffer from oversimplification of hydrogeologic properties and from
neglect of important fluid-mechanical and geo-mechanical processes. The modeling approach
proposed by the EPA is comparatively sophisticated and promises to be much more faithful to
processes that take place in deep-subsurface environments. In particular, the EPA/LBNL model
considers multi-phase flow of variable density fluids that is coupled to heat transport and
incorporates a geomechanical framework that links fluid-pressure changes to fracture
propagation. These elements are essential to the proper simulation of groundwater and gas flow
during hydraulic fracturing, yet they have not been considered before in the context of this
problem.

The EPA/LBNL model is an improvement over published approaches; however, there are very
little data appropriate for parameterizing and testing this model. Because existing data are
insufficient to constrain the model, its computations should not be interpreted as accurate
descriptions of fluid flow and chemical transport within real-world geologic settings where
hydraulic stimulation could occur. Moreover, the model should not be applied for the purpose
of quantifying the likelihood of shallow-aquifer contamination by the hydraulic-stimulation
process itself. These sorts of inferences may be expected by stakeholders on both sides of the
issue, but they will be indefensible and hence should not be made. Although the dearth of
model-relevant data precludes the use of the EPA/LBNL model as a basis for informing policy,
management, and operational decisions, the modeling conducted in support of this study will
sharpen our conceptual understanding of the ways that hydraulic stimulation affects flow and
transport processes, which, in turn, will bring the scientific community a step closer to a truly
predictive framework for this phenomenon.

Specific Comments on Question 1: How effective are current well construction practices at
containing gases and fluids before, during, and after fracturing? (Table 26 p.62 of the Report)

The proposed modeling scenarios are not entirely suitable for addressing Question 1 (see above),
which focuses on evaluating the effectiveness of well-construction practices in containing
gaseous and aqueous fluids during hydraulic fracturing. Modeling Scenario A is predicated on
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the notion that well integrity is in some way compromised, thereby providing a conduit for
upward migration of fluids around the gas-well annulus. Instead of evaluating the effectiveness
of well construction or the probability of well failure, Scenario A examines fluid flow and
chemical migration under the a priori assumption of inadequate isolation of the gas-well from
the surrounding geologic media. That is, the well defect is pre-supposed. Question 1, as
currently stated, could be better addressed through a set of systematic hydrogeologic and water-
quality measurements made at great depth in the vicinity of the gas well or through a careful
examination of cement bonds, cement and cement-bond durability (against stresses and time),
and efficacy of cement placement.

Specific Comments on Question 2: Can subsurface migration of fluids or gases to drinking
water resources occur and what local geologic or man-made features may allow this? ( Table 26
p.62 of the report)

To address Question 2, six scenarios are considered in which the geologic setting consists of
either naturally occurring or man-made preferred flow paths of high permeability that connect
the shale-gas reservoir to near-surface drinking-water sources. In my view, these are “worst-
case” scenarios characterized by conditions most likely to favor shallow-aquifer contamination
by frac-fluid injection. | suspect these worst-case scenarios are encountered at very low
frequency; however, they are worthy of careful consideration in light of the large number of gas
wells that will be completed under a broad range of conditions across numerous shale plays.

Analysis of these model simulations will improve our fundamental understanding of the coupled
flow of gas, water, and heat through heterogeneous geologic media. Notwithstanding these
insights, reasonable model approximation of actual conditions is unlikely because quantitative,
measurement-based information on deep subsurface hydrogeologic properties and state variables
is largely unavailable. The absence of this information is a substantial impediment to model
parameterization (either through direct measurements or inversion) and is barrier to model
testing. Consequently, results generated with this model may be appropriate for evaluating
hypotheses regarding mechanisms of flow and transport, but should not be over-interpreted as
reliable predictions of fluid flow and chemical transport attributable to hydraulic fracturing at
real-world field sites.

The challenge associated with model-parameter estimation is recognized by the study’s
scientists. A partial solution to this problem may be provided by the proposed model-sensitivity
analysis. Even here, however, there is a caveat. Given the large spread in plausible parameter
values, together with the spatial heterogeneity of hydrogeologic properties, it is conceivable that
the resulting range of model predictions of groundwater flow and chemical transport maybe too
broad to draw meaningful conclusions on the threat that hydraulic fracturing of shale-gas
reservoirs poses to overlying drinking-water supplies.

In conclusion, neither the model nor modeling approach outlined in the progress report is flawed.
Nevertheless, the development of the model has outpaced the availability of the observations that
are needed for parameterization and to constrain and assess the uncertainty in model predictions.
With this in mind, it is best to consider this model as an instrument for evaluating fundamental
principles that motivate basic research questions, rather than a tool suitable for answering the
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applied question of “can subsurface migration of fluids or gases to drinking water resources be
induced by hydraulic fracturing?”
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COMMENTS FROM DR. ERIC P. SMITH

General comments

1.

EPA and the states need to work together to develop an electronic reporting system for
spills. It is disappointing that there is not better coordination amongst states with regard
to the reporting of spills. Standardization of terms and required information is critical for
use of this data.
While the project focuses on drinking water resources, it would seem prudent to think of
how data collected from this study might also be linked with other studies, for example,
human health or biological condition. If simple changes are possible to the study design
that will aid with these studies then it is worth considering the changes.
From a statistical perspective it is difficult to see how the data that is being collected will
be used. When there is an opportunity to conceptualize models and analysis prior to data
collection, it is frequently rewarding in terms of strength and defensibility of results. The
connections between hypothesis, model, design and data are critical to making strong
inferences. Hypotheses that are correctly framed will help to define spatial and temporal
boundaries for a problem and can lead to effective and powerful study designs and data
collections. If data are collected in a haphazard manner, then it is more difficult to
evaluate hypotheses about environmental change or effects on drinking water resources.
This approach typically only works when the effects are of a rather large size.
There is a need to consider the use of statistical controls and to consider collection
information on other sources of stress to drinking water resources in the sampling
program, especially for the case studies. The model that is suggested is pre-post or
before-after model, similar to what is used in the Battelle studies. However, a stronger
model is a pre-post control-impact (sometimes referred to as a BACI design) as this
model will (perhaps loosely) account for changes due to other sources (such as
temperature change, etc.). This approach will also require matching of the fracturing
sites or areas with other sites/areas. If the data are to be used for risk assessment, other
potential sources of an effect need to be considered and hence should be part of the study
design. The amount of pre drilling data is often inadequate for proper evaluation of
changes (if any) over time.
An impact assessment approach or simulation modeling approach may be difficult

a. There are multiple stressors associated with a geographic region

b. There are potential effects from the different components of the process

c. Some chemicals/stressors (especially methane or dissolved solids) associated with

fracturing may occur naturally or from other sources.
d. There is inadequate background data. Often there may be only one sample of
drinking water from a well in the region near a hydraulic fracturing site.
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Charge Question 3: Water availability and effects on water resources: What spatial and
temporal scales should be considered for this analysis to best characterize the impacts, if any, on
the availability of water used as a source of drinking water?

The modeling approach using SWAT or HSPF is consistent with what has been done in the
literature and the two cases studies should be valuable. The difficulty with such analysis is
that the spatial and temporal scales need to be adequately determined and uncertainty
properly addressed. In this case it seems that the effects of water removal are possibly over a
short time period (removal of a large amount of water for a short period). It was not clear
from the report how the model would be used to test hypotheses or evaluate data other than
to compare model output with water demand and stream flow. Obviously model uncertainty
has to be critical in evaluating effects of water removal and potential confounding factors
such as climate change and population growth. There has been a lot of work on ensemble
modeling and uncertainty analysis that might be relevant (Strauch et al., 2012) to the analysis
of uncertainty in these models.

One might expect that significant water withdraw, especially from subsurface water supplies
to have a dramatic, short term effect on some aquifers and potential water quality. There
have been a few studies | am aware of on this type of problem, related to the idea of cone of
depression. These seem to mostly be modeling exercises with some measurements of total
dissolved solids (Mace et al, Turin et al, 1988, Abderrahman et al, 1995). If it is the case that
the water withdraw effects are short term, then routine monitoring (e.g. monthly) is unlikely
to be adequate for monitoring for these effects.

Charge Question 4. Fluid composition and potential impacts to drinking water resources:
Given the data sets available, what information on fluid composition, factors affecting
composition, and/or trends in composition of hydraulic fracturing fluids may be most useful for
identifying potential impacts to drinking water resources across the United States?

Although there is collaboration between companies and EPA, there seem to be critical
problems associated with confidentiality and composition of fluids, especially for older data.
If reported formulations are not comprehensive rather represent examples of fluids, this will
limit inference. If data provided by companies conducting the fracturing is different from
that of companies managing flowback, this may limit inference. The FracFocus data base is
potentially valuable however, it would be helpful if the organizers provided a means to
download the entire data base rather than to convert a pdf file to xml and run text searches (as
indicated in section 3.5.4.1). The updating of the master EPA file is critical and this process
would seem to be expensive.

The wells data set will be valuable and because it is collected according to a stratified design
will lead to estimates at a broad scale.

The spills data set will be useful but may be limited by the lack of consistency in reporting
and the fact that connections to hydraulic fracturing may not be reported. Also, smaller spills
though less significant, are likely to be under-reported. It would be valuable to also acquire
information on spills at some sites of interest such as the case study locations.
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Other Comments

1. The use of a source apportionment approach to identify sources of pollution has been
studied for some time for air pollution problems and seems to work for identifying
general components of pollution. It is not clear how well it will work in this case. Some
comments

a.

b.

e.

What if the relevant chemical compositions change over time or space (Heaton et
al, 2010)?

Will the method be able to separate natural components from those resulting from
fracturing?

How can these factors and associated related to time and space covariates be
added into the analysis?

As noted in the document, there are a variety of packages for running the analysis.
A review in 2005 (Thurston et al., 2005, Hopke et al., 2005) reported on data sent
to individuals who have worked in the area and compare analyses. The papers
indicate that there are some differences in analysis, especially for the less well
represented components. The EPA should evaluate the effectiveness of the source
apportionment approach on some cases where sources are known before moving
to more complicated case studies.

How will data below detection be incorporated? Is half the DL a wise approach?

2. The 3-D modeling exercise will be a valuable exercise. It seems most of the interest
relates to fractures and leaks during operation. Questions that might also be addressed
are: What is the likelihood that deep water would be displaced upward into shallower
aquifers from well injection? Is it likely to see changes in shallow water resulting from
naturally occurring toxic elements/TDS/radon from the deeper water? What is the
likelihood that injected water will flow from one well into an adjacent well? Are there
changes to the fracturing process that might reduce the likelihood of an adverse effect?

Battelle studies

The Battelle reports provide several case studies that evaluate compiled data from various
locations. The studies provide some insight into what EPA has already encountered as well
as some issues that they are likely to encounter when dealing with “found” data. By found
data I am referring to data that was collected for one purpose but then is used for another
purpose. Generally the problems are

1. Sampling is uncoordinated resulting in mismatches in space and time so that timing
of samples at one site are not connected to the timing of sampling at another site

2. There are inconsistencies in sampling and laboratory protocols resulting in potential
differences associated with the process rather than the measurement

3. Sample sizes initially appear large but in fact the amount of usable information is
actually small. In a pre-post analysis, it is the smaller sample size that frequently
determines the strength of the inference.

4. Detection limits are changing over time and laboratory. Routinely substituting half
the detection limit would not be recommended in these situations.
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5. Hypotheses relate to what information (chemicals/stressors) is available not to those
that are most desired to be evaluated (if a chemical is not measured, it is difficult to
evaluate its effects).

Generally with this type of study it is hard to find strong support for hypotheses. Hypotheses
(of no effect) tend not to be rejected because there are too many sources of variation, there
are mismatches in time or space or the sample sizes are small. When a hypothesis is rejected,
there are too many alternatives that might have led to the data. For example, without a well-
crafted study it will be discern causes of elevated total suspended solids or low dissolved
oxygen levels.
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COMMENTS FROM DR. AZRA N. TUTUNCU

Charge Question 8: Effectiveness of Well Construction and Operation Practices: Please
comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water resources.

. The magnitude of in situ stresses, pore pressure, rock-fluid interactions and mechanical
properties of the formation are among the key parameters for high integrity well construction and
successful lifecycle operations.

. The mechanical properties used as input data for the LBNL modeling study to determine
the various fluid propagation scenarios was obtained from the log data acquired in limited
number of wells in Marcellus shale. The deformation characteristics, strength and acoustic
properties of shales are strong functions of the mineralogical composition of shale formation.
Moreover, the tectonics, heterogeneities, rock property and stress anisotropies indicate large
variation not only from shale basin to shale basin, but also within the same basin. Therefore,
having input from several shale basins instead of limited number of wells from only Marcellus
shale will provide better reflection of these variations.

. The mechanical properties derived using sonic log data are typically present stronger rock
response (i.e., dynamic moduli). Static moduli reflect the deformation and failure behavior of the
formations that are obtained using core measurements to convert the dynamic moduli to the
representative geomechanical properties of the formation to be used in the modeling study. The
dynamic to static moduli conversion requires calibration using core measurements under realistic
in situ stress and pore pressure, temperature and the type of formation fluid before determining
the suitability of the correlation implemented to the log data.

. The Figures 14-19 in pages 64-69 of the report contains schematics of the six possible
scenarios for the numerical simulations to be performed by LBNL. Shales are very complex
formations not only in terms of stress distribution, rock-fluid interactions, anisotropy and
heterogeneities, but also the presence of natural fractures and their mineralogical composition
makes them much more complex compared to inert formations such as clean sandstones.
Therefore, the figures reflect textbook type of fracture propagation in homogeneous clean
sandstone formation more than fracture propagation in complex shale reservoirs.

. Strength, deformation characteristics and acoustic properties are strong functions of the
pore fluid and its composition such as its ionic concentration in addition to in situ stress, pore
pressure and temperature. Drilling and fracturing fluids contain chemicals, additives and various
concentration of salt that influence the deformation and failure characteristics of shale reservoir
and its surroundings. Therefore, for each drilling and fracturing fluid used in the operations one
should consider specific laboratory measurements under true in situ stress, pore pressure and
temperature conditions instead of ambient and drained effective stress conditions to determine
the degree of rock-fluid interactions and its effect on the deformation characteristics, acoustic
properties strength. This interaction as well as the fracturing process alters the in situ stress and
rock properties near vicinity of the wellbore and should be incorporated in any design.
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. Shale formations are complex and typically contain natural fractures. The presence of
these native fractures control flow characteristics as well as the static and dynamic properties.
Therefore, this vital characteristic of shale formations should be included in the modeling effort.

Charge Question 9: Composition of Flowback and Produced Water: Please identify specific
data or literature on the composition of flowback and produced water in other areas of the
country.

. Hydraulic fracturing involves injecting chemically treated water as fracturing fluid,
usually along with sand, into oil and gas wells under high pressure to create a conductive path for
fluids to flow from reservoir into the wellbore. The ongoing multidisciplinary study we were
presented captures most of the potential risks involved in investigating the impacts of hydraulic
fracturing on drinking water resources.

. Typical fracturing fluid consists of 97- 99.5 % water and sand while remaining is the
chemical additives. December 2012 EPA report listed names and formulas of approximately a
thousand chemicals detected in hydraulic fracturing fluid, flowback and produced water in
Appendix A. Adding another column to include the volumes and concentrations will deliver
additional value to all the stakeholders. Another column in the same Table with toxicity and
health hazard for each chemical also will help researchers to identify the most hazardous
chemicals and give priority to minimizing their inclusion in the fracturing fluids as well as
tracking the amounts in the produced water and waste water monitoring effort.

. The Colorado Oil and Gas Conservation Commission (COGCC) adopted new statewide
groundwater sampling requirements. The new rules apply to oil and gas wells, multi-well sites
as well as dedicated injection wells with application for permit to drill as of May 1, 2013 and
creates a three-phase testing and monitoring regime that requires sampling from multiple
locations.

. Operators must obtain samples from all water sources within a half mile radius of
each well location and are expected to choose proper locations based on criteria provided.

. Initial sampling must occur within 12 months prior to setting conductor pipe, the
second sampling within 6 to 12 months from completion, and final sampling within 60
and 72 months following completion and the commission is developing a protocol for
sampling.

. New York (New York State Department of Environmental Conservation (DEC)
and Ohio (Department of Natural Resources) has similar to Colorado groundwater
sampling rules. The databases from these states will be beneficial to review in this study.
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COMMENTS FROM DR. PAUL K. WESTERHOFF

1. Charge Question 1: Spatial and Temporal Scales for Water Quality Analysis: What

spatial and temporal scales should be considered for this analysis to best characterize the
impacts, if any, on the quality of water used as a source of drinking water?

A.

Temporal scales may be linked with frequency of MCL and utility sampling — quarterly
for carcinogens, verses Pb/Cu sampling, versus surrogates (pathogens), near real-time
(filter water turbidity). In other words, consider matching various drinking water
regulations with water quality. Also consider ease/cost of analysis and installation of
real-time monitors (conductivity at USGS sites).

Could the EPA partner with drinking water plants downstream from HF operations?
Many WTPs sample for regulated DBPs, and other parameters more frequently than
required by regulations; or provide samples if QAPP permits with analysis by EPA.

In the western US — spatial scales related to water rights might be appropriate.

Water acquisition section (Section 4.3 pg. 80) describes two river basins that will be
modeled. Are two an adequate number? Many more groundwater scenarios are being
modeled — so why limit this section to two watersheds?

Page 83 — states 4.2 million people are supported by the SRB. Does this include others
downstream on the Delaware River? If not, it should.

Page 84 — the notion of “temporal averaging” of all the flows equally over time is NOT
appropriate unless this is how discharges are actually practiced. It is likely they are more
pulses and short duration discharges which has very different impacts (i.e., lower dilution
ratios).

Page 90. How are drought, wet and dry weather conditions being simulated? Use 7Q10
or other hydrologic parameters.

Page 91 — under the scenarios to be simulated why not simulate water from X number of
wells discharging simultaneously versus sequentially.

2. Charge Question 2: Water Quality Characteristics: Please identify the most important

water quality characteristics that should be considered.

A.

During the water acquisition phase and impacts on municipal surface water supplies, |
would focus on geochemical elements in groundwater recharging the stream
(conductivity, arsenic, bromide, fluoride, iodide); arsenic is in many shales. For
groundwater municipal supplies, I would focus on Fe/Mn speciation, sulfides, arsenic,
etc. There are example studies on arsenic the Verde River (AZ) and an upstream supply
for southern California. There are also good studies on relationships between decreasing
stream flow and increasing salinity in Western rivers (e.g., Salt River, AZ) and many
others. Good work has been done on salt springs along Colorado River on contribution
of bromide to surface water municipal supplies. Look at drought impacts on water
quality in the western US. Others include hardness and alkalinity.
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B. Another example is reduced upstream flows on contribution of wastewater discharges to
downstream WTPs. For example, Philadelphia’s water supply is usually < 2%
wastewater origin, but under even a 3 month drought can be up to 30% wastewater
origin. Thus — reduced streamflows due to water acquisition could impact WTPs. See
work by Westerhoff/Krasner.

3. Charge Question 3: Water Availability: What spatial and temporal scales should be
considered for this analysis to best characterize the impacts, if any, on the availability of
water used as a source of drinking water?

No comments

4. Charge Question 4: Fluid Composition and Potential Impacts to Drinking Water
Resources: Given the data sets available, what information on fluid composition, factors
affecting composition, and/or trends in composition of hydraulic fracturing fluids may be
most useful for identifying potential impacts to drinking water resources across the United
States?

No comments

5. Charge Question 5: Historical Changes and Current Trends in Fluid Composition:
What key historical changes or current trends, if any, in hydraulic fracturing fluid
composition should be considered as the EPA assesses the chemicals listed in Appendix A of
EPA’s Progress Report?

Could EPA look at a limited few compounds (n<5) that have trends over time
(decreasing/increasing) over 10 years to illustrate change in use. Don’t do all the
chemicals. BTEX ones sound like a good example.

6. Charge Question 6: Indicator Chemicals: What criteria should be considered when
identifying indicator chemicals, and why?

The idea of Tier 1 and Tier 2 sampling is a good idea. Five of the six compounds
presented in slide 15 of the related presentation (TDS, Cl, K, TKN, TOC) are not good
indicator chemicals because they are not unique to HF fluids. BTEX may be better, but
many alternative sources exist. More unique quantifiers should be sought.

7. Charge Question 7: Subsurface Fluid Migration Scenarios: Given that hydraulic
fracturing occurs at different depths and in different types of rock formations, please
comment on how to best use results from these simulations to answer the research questions
listed in Table 26 (page 62) of EPA’s Progress Report.

No comments

8. Charge Question 8: Effectiveness of Well Construction and Operation Practices: Please
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comment on other ways the information listed above may be used to characterize the
effectiveness of well construction and operation practices at protecting drinking water
resources.

A. Section 3.4 pg. 53 eludes to “disposition and duration” of flowback and produced water.
More specific information on “disposition” is needed. | think it should be “how is
flowback and produced water disposed.”

B. Table 13 (pg. 57) lacks rows/columns or other data input sections for “how to dispose of
flowback and produced water” Duration of disposal is important too.

9. Charge Question 9: Composition of Flowback and Produced Water: Please identify
specific data or literature on the composition of flowback and produced water in other
areas of the country.

No comments

10. Charge Question 10: Assessing How Spills or Leaks May Impact Drinking Water
Resources: Please suggest ways for the EPA to use these or other data to more
comprehensively assess how spills or leaks may impact drinking water resources.

No comments

11. Charge Question 11: Wastewater Treatment and Waste Disposal Chemicals:
Please provide recommendations for other specific chemicals that are of interest from a
wastewater treatment and/or drinking water treatment perspective.

A. Chemicals are critical — but it is critical EPA understand where the volumes of
wastewater are going (H20O is the chemical most important to measure).

B. Consider de-emphasizing some specific compounds, and consider some more general
water quality indicators.

C. Various types of colloids are being used (e.g., sand). These appear to be 0.2-0.8 mm in
size. Any concern about their removal; could they contribute to turbidity? What fraction
is in the nano-range with < 100 nm in at least one dimension?

D. Itis critical to measure iodide (I-) for the same reasons as bromide. lodide can lead to
iodinated disinfection by-products during chloramination, chlorination (e.g., halogenated
THM, HAA or others) or ozonation (iodate).

E. Also missing from data in Table 39 and elsewhere is alkalinity (i.e., bicarbonate),
because it plays a critical role in pH buffering. Table 39 also should include TDS,
conductance, pH and temperature.

F. Lignin derived material may be in flowback water. These form DBPs. UV254 and/or
“color” measurements may be good indicators of these on filtered water samples.

G. Mercury is not listed in table 39, but should be included
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Measure nitrosamines directly (not as a DBP) in water from on-site operations,
commercial treatment systems or municipal treatment systems.

Models for DBPs rely upon DOC, ammonia, bromide, UV absorbance at 254 nm, pH and
temperature (all these parameters should be measured).

If microbial control in HF fluids are so critical, assess the microbial quality of the water
(e.g., HPC).

Why only look at DBPs as a concern in drinking water? Consider TOX (TOCI, TOl,
TOBr)) as a surrogate of halogenated organics.

Consider impacts on turbidity (sands, clays), oxidant demand, or microbial risks?

. Consider aesthetics (taste and odor) — consider MTBE odor threshold is higher than

health risk levels. Perhaps consider Henry’s constants of HF chemicals as potentially
leading to odor detection. Changes in ionic composition can impart differing tastes of
water.

Impacts on dissolved oxygen (e.g., Fe/Mn speciation) or algae (T&O, toxins) in drinking
water sources should not be overlooked. Likewise, what impact (if any could there be
from shifts in ionic composition of Pb/Cu or other corrosion related issues, including
household plumbing. There is rich literature on some of these.

Charge Question 12: Trends in Wastewater Management that May Affect
Hydraulic Fracturing Wastewater: What key trends in wastewater management, if any,
may affect the volume and/or composition of hydraulic fracturing wastewater being
treated and discharged to surface water?

Without any data in the current report, it is difficult to assess progress overall. For
example — the levels represented in Table 40 should have dramatic impacts on biological
processes. What is the timeline for completion of the Chapter 5 work? It seems little
progress has been made. Chapter 7 — given that many of these sites have been sampled
already, why isn’t some of the data summarized yet for these private drinking water
sources?

Models are being used for groundwater and surface water. Why not develop or adapt
models for wastewater treatment (e.g., BiowWin) and potable water treatment (WTP.exe).
For surface water availability modeling (Sections 4.3.1) and Figures 22 & 23 models —
why not locate and consider WWTFs as point sources, in addition to WTP intakes?
Page 94. WWTFs do not “filter and flocculate solids”; this is performed at water
treatment plants not WWTFs. Another purpose not identified is nutrient removal and
pathogen removal/inactivation.

It is very important to understand the frequency and duration of “slugs” of flowback and
produced water into WWTFs. Slugs versus continuous inputs have very different
impacts on biological processes, and receiving streams. Furthermore, different
regulations also kick in. For example, some states have toxicity limits which use
organisms quite sensitive to salt (daphnia in whole effluent toxicity tests). Changing salt
composition (Na vs. Ca) lead to different sludge settling characteristics and production of
soluble microbial products.

Likewise, using mean receiving streamflows (Table 37 pg. 96) are probably not
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appropriate.

G. Management trends for WWTFs include: 1) decreasing municipal flows due to greater
use of in-home water saving devices; 2) more stringent nutrient (N&P) requirements in
streams are changing treatment systems, and well water chemicals could directly increase
N and P loadings; 3) increase reuse of municipal wastewater may decrease flows into
surface waters (i.e., lower drought in-stream flows); 4) shifting technologies towards
membrane treatment; 5) more attention to refractory organics and metals in wastewater
biosolids.

H. AOPs are being used increasingly (UV/H202, O3/H202) — transmittance is important
(UV254)

I. Disinfection by-products are produced at WWTFs. The type of disinfection applied (free,
breakpoint, combined chlorine; ozone; UV) are all important. These can produce DBPs,
including THM, HAA, nitrosamines. To this end, models for DBPs rely upon DOC,
ammonia, bromide, UV absorbance at 254 nm, pH and temperature (all these parameters
should be measured).

J.  The increasing use of ozone at WWTFs is an important trend, or other advanced
oxidation processes. These are being considered to remove pharmaceuticals. Oxidation
by-products could include bromate, iodate, etc.

K. Figure 25 (pg. 103) identifies biosolids as going to “compositing facility”. This is not
“generalized”. They are usually disposed to land application sites, landfills or
incinerated.

L. Page 104 discusses pretreatment of high TDS water (>45,000 mg/L) to minimize
membrane fouling. Coagulation and filtration do not remove TDS. Softening shifts ion
pairs. Barium sulfate addition can reduce these parameters. So — it is not clear what type
of pretreatment is intended and for what purpose. This should be clarified.

M. Page 105 says EPA will initially analyze the fate and transport of selected contaminants.
Will this be done at bench, pilot or full-scale? What concentrations will be used for
chemicals in Table 42? Will they be added as pulse or continuous modes? Will bench-
scale be batch or continuous flow? This is critical. It would be recommended to measure
dissolved organic carbon, UV absorbance at 254 nm and nitrite, in addition to the current
monitoring plan.

N. Section 5.2.5 pg. 107. What is the purpose of the pilot tests? These are usually used to
look at synergistic impacts? Will models be validated from the pilot tests? Which
models? Pilot tests would be good to compare pulse versus continuous loading of
flowback/produced water disposals. Likewise the “studies” identified here are poorly
defined (too much “trust me”). Why examine solids by microscopy? What are you
looking for?

O. Section 5.3 9pg 107). Included I-DBPs (organic plus iodate) and nitrosamines. The
currently list of DBPs is inadequate and should include DBPs on the EPA UCMR list too.
Don’t limit to HAADS, do all appropriate HAAs. Page 109 is the first mention of iodide.

P. Page 110. The test matrix must include alkalinity in the deionized water. What type of
NOM isolates will be used, and why? What concentrations? Formation potential tests
are not always appropriate, and it may be more informative to do SDS tests. | would
recommend doing jar tests with coagulants to simulate Enhanced Coagulation test
conditions.
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Q. Section 5.3.3. parts of this section demonstrate a lack of understanding of treatment
processes. For example, one can not equilibrate water with sodium hypochlorite. NaOCI
is a reactive oxidant and will decay, especially in the presence of NOM. It is critical to
control pH, using alkalinity, to reasonable pH levels.

R. Section 5.3.4 Will ozone and bromate be considered? Will chloramines be considered?
Will bromide and iodide be added to the test matrices? This list of experiments does not
seem to focus on hydraulic fracturing flows, and should be adjusted to answer specific
questions.
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COMMENTS FROM DR. THOMAS M. YOUNG

Charge Question 7: Subsurface Fluid Migration Scenarios: Given that hydraulic fracturing
occurs at different depths and in different types of rock formations, please comment on how to
best use results from these simulations to answer the research questions listed in Table 26 (page
62) of EPA’s Progress Report.

The charge question implicitly assumes that the primary difficulty with the subsurface modeling
effort is related to generalizing the results to the broad range of potential conditions under which
hydraulic fracturing is implemented. 1 do not believe, however, that difficulties in generalizing
the results will be the most important limitation to answering the research questions in Table 26.
Rather, | believe that the critical problem is that the study approach does not provide sufficient
information to answer the first of the research questions outlined in the table related to the
effectiveness of “current well construction practices at containing gases and fluids before, during
and after fracturing.” The scenarios selected by EPA to consider the possibility that gas or fluids
released by hydraulic fracturing operations will reach overlying water production aquifers
concentrate on migration pathways created wholly or in part by improper well construction
(Scenario A), inadequate design of the fracturing process (Scenarios B1 and B2), and insufficient
attention to siting (Scenarios C, D1 and D2). This emphasis seems appropriate given the
typically large distances between gas and water yielding strata, and the nature of intervening
geologic formations. After introducing the scenarios, however, the remainder of the Progress
Report focuses on the selection and implementation of modeling approaches and offers the
disclaimer that “This research project does not assess the likelihood of a hypothetical scenario
occurring during actual field operation” (Progress Report, p. 70). Instead of developing such a
probability assessment, the approach seeks to define the possible range of outcomes by
“conducting sensitivity analyses that cover (and extend beyond) the possible range of expected
values of all relevant parameters” (p. 73). Defining the “possible range” of those parameters
then becomes the critical element in the research program, yet there is no mention of a
systematic approach to obtaining the critical information. What is the range in the conditions of
well cement and well casing after the fracturing operation is concluded (Scenario A)? What is
the change (if any) in overburden permeability that is caused by the fracturing operation
(Scenario B)? Is there any evidence for the activation of sealed or dormant faults during
fracturing operations (Scenario C)? How frequently are conventional wells that have
“deteriorating cement” or have been “improperly closed” within the zone of influence of the
hydraulic fracturing production wells (Scenario D)? The only effort to collect such data appears
to come from the well file review (section 3.4) but, at best, these files will provide geophysical
characterization of the well bore, cement and formation before the fracturing operation
commences and therefore can shed no light on how fracturing impacts the characteristics of these
system components. Moreover, these well logs are invariably generated by the well installation
company, which has little motivation to report substandard installation practices. Even if this
information is of high quality, as presented in the progress report there is no formal connection
between the well file review project and the scenario modeling project. The results of the
modeling effort will therefore most likely be determined by assumptions about the worst case for
cement fracturing or degradation (in the production or offset wells) and overburden fracturing
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(initiated or activated by the fracturing operation). Once the project is complete, those who
support hydraulic fracturing will claim that proper installation practices would avoid the
situations described in the worst-case scenarios (indeed, this case has already been made in
public comments from Thomas Jackson on behalf of Halliburton Energy Systems, Inc.) while
those with the greatest concerns about the impacts of hydraulic fracturing will likely believe that
the worst case scenarios are too optimistic. Without a firm connection between some field
observations of post fracture well or overburden conditions, or the frequency of closed wells in
the vicinity of production wells, the Agency will lack the information required to demonstrate
the reasonableness of their assumptions related to these points. | am concerned that the careful
and high quality modeling that is being performed by Lawrence Berkeley National Laboratories
will therefore fail to answer the central research questions to the satisfaction of the stakeholders.
Although the progress report does not provide sufficient detail to evaluate all aspects of the
modeling approach being implemented, everything that is presented suggests that the modeling
has been and will continue to be state-of-the-art. However, the modeling results are only as good
as the input data. The Agency needs to invest more thought and resources toward defining the
range of the input parameters in the real world under the subsurface conditions found at a range
of sites as they are actually constructed (not just as they are designed). Perhaps there is more of
the required types of information in the literature sources described on pages 73-75 of the
Progress Report; | have certainly not reviewed most of this literature. In this case, the task will
be to document the basis for the assumptions as carefully as the details and basis for the
modeling is documented.

Charge Question 12: Trends in Wastewater Management that May Affect Hydraulic
Fracturing Wastewater: What key trends in wastewater management, if any, may affect the
volume and/or composition of hydraulic fracturing wastewater being treated and discharged to
surface water?

Relatively little information is provided in the Progress Report or the briefing materials to allow
this charge question to be addressed in any detail. It seems clear that, for a variety of economic
and environmental reasons, the industry is making significant progress toward increased
reuse/recycling of water used in hydraulic fracturing operations. Estimates of the extent to
which this is occurring appear to vary by region based on geological, operational and hydrologic
factors. Because the vast majority of constituents in produced and flowback water, whether
added during the fracturing process or contributed by the geologic formation, are salts increased
recycling of water will inevitably lead to increased TDS concentrations in water that requires
disposal. The desirability of anticipating changes in water management practices is clear, but
since the future of these practices depends on so many factors that are difficult to predict (state-
by-state regulatory practices, evolving treatment technologies, etc.) this is very difficult to do
with a reasonable degree of certainty. Although the research activities described in the Progress
Report should provide a “snapshot” of wastewater (and residuals) management practices, there
seems to be no systematic effort to predict future trends in wastewater management. Given the
uncertainties that would be inherent in such predictions and the limited time and resources
available, I believe that this omission is warranted. Instead of explicitly trying to predict future
management approaches, a better approach would be to simply document and/or model the
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tradeoffs between fresh water withdrawals and water quality. | suspect there is a fairly tight
relationship between reduced water usage and increased constituent concentrations in the
wastewater. Although this increase in concentrations will probably not increase the total load of
constituents reaching receiving waters, the increased constituent concentrations may cause
problems, especially for POTWs that receive these wastes. The wastewater treatability studies
are, among other objectives, clearly intended to delineate the acceptable range of TDS for
various unit operations in wastewater treatment, so this aspect can be addressed by reference to
that portion of the study. On the other hand, increased constituent concentrations may increase
the cost effectiveness of certain treatment operations, particularly those conducted on-site or at
centralized plants treating fracturing wastewater. Documenting the cost and operational
advantages of treating smaller volumes of more concentrated waste and disseminating that
information could be an important benefit of the study. I suggest that the study plan be modified
to include consideration of the tradeoffs between water quantity and quality in fracturing
operations; this would have the benefit of allowing multiple possible water management
“futures” to be analyzed and of supporting the industry’s efforts to more wisely manage the
hydraulic fracturing water cycle.
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APPENDIX A

LIST OF MEMBERS ON SAB HYDRAULIC FRACTURING RESEARCH ADVISORY
PANEL

CHAIR

Dr. David A. Dzombak, Walter J. Blenko Sr. Professor of Environmental Engineering,
Department of Civil and Environmental Engineering, College of Engineering, Carnegie Mellon
University, Pittsburgh, PA

MEMBERS

Dr. Stephen W. Almond, Technical Director, Oilfield Chemicals, Specialty Chemicals
Division, MeadWestvaco Corporation, Charleston, SC

Dr. E. Scott Bair, Professor, School of Earth Sciences, Ohio State University, Columbus, OH

Dr. Peter Bloomfield, Professor, Statistics Department, North Carolina State University,
Raleigh, NC

Dr. Steven R. Bohlen, Deputy Program Director for Energy and Environmental Security, Office
of Strategic Outcomes, Lawrence Livermore National Laboratory, U.S. Department of Energy,
Livermore, CA

Dr. Elizabeth W. Boyer, Associate Professor, Department of Ecosystem Science &
Management, Pennsylvania State University, University Park, PA

Dr. Susan L. Brantley, Distinguished Professor of Geosciences and Director, Earth and
Environmental Systems Institute, Pennsylvania State University, University Park, PA

Dr. James V. Bruckner, Professor of Pharmacology and Toxicology, Department of
Pharmaceutical and Biomedical Sciences, College of Pharmacy, University of Georgia, Athens,
GA

Dr. Thomas L. Davis, Professor, Department of Geophysics, Colorado School of Mines,
Golden, CO

Dr. Joseph J. DeGeorge, Global Head of Safety Assessment and Laboratory Animal Resources,
Merck Research Laboratories, Lansdale, PA

Dr. Joel Ducoste, Professor, Civil, Construction, and Environmental Engineering Department,
North Carolina State University, Raleigh, NC

Dr. Shari Dunn-Norman, Professor, Geological Sciences and Engineering, Missouri University
of Science and Technology, Rolla, MO
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Dr. Katherine Bennett Ensor, Professor and Chair, Department of Statistics, Rice University,
Houston, TX

Dr. Elaine M. Faustman, Professor, Department of Environmental Health, and Director,
Institute for Risk Analysis and Risk Communication, School of Public Health, University of
Washington, Seattle, WA

Mr. John V. Fontana, President, Vista GeoScience LLC, Golden, CO
Dr. Daniel J. Goode, Research Hydrologist, United States Geological Survey, Exton, PA

Dr. Bruce D. Honeyman, Department of Civil and Environmental Engineering, Colorado
School of Mines, Boulder, CO

Mr. Walter R. Hufford, Director of Government and Regulatory Affairs, Talisman Energy
USA Inc., Warrendale, PA

Dr. Richard F. Jack, Manager of Market Development, Thermo Fisher Scientific Corporation,
San Jose, CA

Dr. Dawn S. Kaback, Principal Geochemist, AMEC Environment and Infrastructure, Inc.,
Denver, CO

Dr. Abby A. Li, Senior Managing Scientist, Exponent Health Sciences, Exponent, Inc., San
Francisco, CA

Mr. Dean Malouta, Independent Consultant, Houston, TX

Dr. Cass T. Miller, Daniel A. Okun Distinguished Professor of Environmental Engineering,
Department of Environmental Sciences and Engineering, University of North Carolina, Chapel
Hill, NC

Dr. Laura J. Pyrak-Nolte, Professor, Department of Physics, College of Science, Purdue
University, West Lafayette, IN

Dr. Stephen Randtke, Professor, Department of Civil, Environmental, and Architectural
Engineering, University of Kansas, Lawrence, KS

Dr. Joseph N. Ryan, Professor of Environmental Engineering and Bennett-Lindstedt Faculty
Fellow, Department of Civil, Environmental, and Architectural Engineering, University of
Colorado Boulder, Boulder CO

Dr. James E. Saiers, Professor of Hydrology and Associate Dean of Academic Affairs, School
of Forestry and Environmental Studies, Yale University, New Haven, CT

Dr. Eric P. Smith, Professor and Head, Department of Statistics, Virginia Polytechnic Institute
and State University, Blacksburg, VA
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Dr. Azra N. Tutuncu, Professor and Harry D. Campbell Chair, Petroleum Engineering
Department, and Director, Unconventional Natural Gas and Oil Institute, Colorado School of
Mines, Golden, CO

Dr. Paul K. Westerhoff, Associate Dean for Research in the Ira A. Fulton Schools of
Engineering, and Professor, School of Sustainable Engineering and The Built Environment,
Arizona State University, Tempe, AZ

Dr. Thomas M. Young, Professor of Civil and Environmental Engineering, University of
California — Davis, Davis, CA
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APPENDIX B

AGENDA FOR MAY 7-8, 2013 MEETING OF THE SAB HYDRAULIC
FRACTURING RESEARCH ADVISORY PANEL

U.S. Environmental Protection Agency
Science Advisory Board Hydraulic Fracturing Research Advisory Panel
Public Meeting, May 7-8, 2013
Westin Arlington Gateway Hotel
801 North Glebe Road, Arlington, VA, 22203

Preliminary Agenda, as of May 6, 2013

Purpose: For individual members of the Panel to provide expert comments on charge questions
associated with the research described in EPA’s Study of the Potential Impacts of Hydraulic
Fracturing on Drinking Water Resources: Progress Report, which was released in December
2012,

Tuesday, May 7, 2013

9:00 a.m. Opening and Welcoming Remarks Mr. Edward Hanlon
Designated Federal Officer

EPA Science Advisory Board
Staff Office

Mr. Christopher T. Zarba
Acting Director
EPA Science Advisory Board

Staff Office
9:10 a.m. Introduction of Members and Review of Dr. David A. Dzombak
Agenda Chair
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Tuesday, May 7, 2013 (continued)

9:20 a.m.

9:30 a.m.

10:20 a.m.

10:35 a.m.

10:40 a.m.

10:55 a.m.

11:30 a.m.

12:30 p.m.

EPA’s Overview of December 2012 Progress
Report

Panel Members’ Clarifying Questions

Public Comments

Break

Process for Responding to EPA Charge
Questions

EPA Technical Presentation on Water
Acquisition Phase of the Hydraulic Fracturing
Water Cycle

Panel Members’ Clarifying Questions

Responses to Charge Question 3: Water
Availability

Lunch

Responses to Charge Question 3: Water
Availability (continued)
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Ms. Ramona Trovato
EPA Office of Research and
Development

Panelists

Registered Speakers

Dr. David A. Dzombak
and Panel Members

Dr. Jennifer Orme-
Zavaleta

EPA Office of Research and
Development

Panelists

Lead Discussants:
Dr. Katherine Bennett Ensor
Dr. Daniel J. Goode

Lead Discussants:
Dr. Katherine Bennett Ensor
Dr. Daniel J. Goode
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Tuesday, May 7, 2013 (continued)

12:45 p.m.

1:25 p.m.

2:05 p.m.

2:15 p.m.

3:05 p.m.

3:20 p.m.

Responses to Charge Question 1: Spatial and

Temporal Scales for Water Quality Analysis

Responses to Charge Question 2: Water
Quality Characteristics

EPA Technical Presentation on Chemical
Mixing Phase of the Hydraulic Fracturing
Water Cycle

Panel Members’ Clarifying Questions

Responses to Charge Question 4: Fluid
Composition and Potential Impacts to
Drinking Water Resources

Break

Responses to Charge Question 5: Historical
Changes and Current Trends in Fluid
Composition
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Lead Discussants:
Dr. Peter Bloomfield
Dr. Elizabeth W. Boyer

Lead Discussants:
Dr. Bruce D. Honeyman
Dr. Dawn S. Kaback

Ms. Jeanne Briskin
EPA Office of Research and
Development

Panelists

Lead Discussants:

Dr. Stephen W. Almond
Dr. James V. Bruckner
Dr. Eric P. Smith

Lead Discussants:
Mr. Walter R. Hufford
Mr. Dean Malouta
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Tuesday, May 7, 2013 (continued)

4:00 p.m. Responses to Charge Question 6: Indicator
Chemicals
4:40 p.m. EPA Technical Presentation on Flowback and

Produced Water Phase of the Hydraulic

Fracturing Water Cycle

Panel Members’ Clarifying Questions

4:50 p.m. Responses to Charge Question 9: Composition
of Flowback and Produced Water

5:30 p.m. Recess for the Day

Wednesday, May 8, 2013

8:00 a.m. Reconvene

8:00 a.m. Responses to Charge Question 10: Assessing
How Spills or Leaks May Impact Drinking

Water Resources
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Lead Discussants:
Dr. Richard F. Jack
Dr. Abby A. Li

Ms. Jeanne Briskin
EPA Office of Research and
Development

Panelists
Lead Discussants:

Dr. Steven R. Bohlen
Dr. Shari Dunn-Norman

Mr. Edward Hanlon

Mr. Edward Hanlon

Lead Discussants:
Dr. Joseph J. DeGeorge
Dr. Elaine M. Faustman
Dr. Joseph N. Ryan
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Wednesday, May 8, 2013 (continued)

8:55 a.m.

9:05 a.m.

9:55 a.m.

10:10 a.m.

11:00 a.m.

11:15a.m.

11:30 a.m.

EPA Technical Presentation on Wastewater
Treatment and Waste Disposal Water Phase of
the Hydraulic Fracturing Water Cycle

Panel Members’ Clarifying Questions

Responses to Charge Question 11:
Wastewater Treatment and Waste Disposal
Chemicals

Break

Responses to Charge Question 12: Trends in
Wastewater Management that May Affect
Hydraulic Fracturing Wastewater

EPA Technical Presentation on Well Injection
Phase of the Hydraulic Fracturing Water
Cycle

Panel Members’ Clarifying Questions
Responses to Charge Question 7: Subsurface

Fluid Migration Scenarios

Lunch
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Dr. Christopher
Impellitteri

EPA Office of Research and
Development

Panelists

Lead Discussant:
Dr. Joel Ducoste

Lead Discussants:
Dr. Stephen J. Randtke
Dr. Paul K. Westerhoff

Ms. Jeanne Briskin
EPA Office of Research and
Development

Panelists

Lead Discussants:
Dr. E. Scott Bair
Dr. Cass T. Miller
Dr. James E. Saiers



Individual Comments from Members of Science Advisory Board Hydraulic Fracturing Research Advisory Panel on
EPA’s Progress Report: Potential Impacts of Hydraulic Fracturing on Drinking Water Resources — December 2012.
These comments do not represent SAB consensus comments nor EPA Policy.

Wednesday, May 8, 2013 (continued)

12:30 p.m. Responses to Charge Question 7: Subsurface  Lead Discussants:
Fluid Migration Scenarios (continued) Dr. E. Scott Bair
Dr. Cass T. Miller
Dr. James E. Saiers

1:00 p.m. Responses to Charge Question 8: Lead Discussants:
Effectiveness of Well Construction and Dr. Thomas L. Davis
Operation Practices Mr. John V. Fontana

Dr. Laura J. Pyrak-Nolte
Dr. Azra N. Tutuncu

2:10 p.m. Chair’s Comments Dr. David A. Dzombak

2:20 p.m. Clarifying Comments from Members of the Registered Speakers
Public?

2:50 p.m. Wrap Up and Remaining Issues, Action Items  Dr. David A. Dzombak
and Next Steps and Panel Members

3:00 p.m. Adjourn Mr. Edward Hanlon

2 Members of the public wishing to provide short clarifying comments near the end of the meeting on May 8, 2013
are asked to contact the DFO in person or by email (hanlon.edward@epa.gov) before 12:00 p.m. noon, May 8, 2013.
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APPENDIX C
MARCH 5, 2013 CHARGE QUESTION MEMORANDUM

March 5, 2013
MEMORANDUM

SUBJECT: Request for an SAB Consultation on the Study of the Potential Impacts of
Hydraulic Fracturing on Drinking Water Resources: Progress Report

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

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

This is to request that the Science Advisory Board (SAB) provide a consultation on the EPA
Office of Research and Development’s (ORD) Study of the Potential Impacts of Hydraulic
Fracturing on Drinking Water Resources: Progress Report.® The report describes the status of
research currently underway to identify whether hydraulic fracturing may impact drinking water
resources, and if so, under what conditions.

Background

The EPA began developing the Plan to Study the Potential Impacts of Hydraulic Fracturing on
Drinking Water Resources (subsequently referred to as the “Study Plan”) in 2010 and engaged
the SAB twice during its development. In March 2010, the SAB’s Environmental Engineering
Committee reviewed an initial research scoping document that proposed both potential research
questions and research approaches. In their comments to the agency, the Committee endorsed a
lifecycle approach for the Study Plan. The Committee recommended that initial research be
focused on potential drinking water impacts, case studies be included as part of the study, and
stakeholders be engaged throughout the research process.

In February 2011, the EPA released the draft Study Plan, which identified research questions and
activities focused on water use in hydraulic fracturing. For the purposes of this study, the
hydraulic fracturing water cycle includes five stages: water acquisition, chemical mixing, well
injection, flowback and produced water, and wastewater treatment and disposal. The draft Study
Plan was reviewed by the SAB’s Hydraulic Fracturing Advisory Panel. The SAB panel found the
research approach described in the draft Study Plan to be appropriate and comprehensive, and

® http://epa.gov/hfstudy/pdfs/hf-report20121214.pdf
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the panel also provided several suggestions for improving the study.* Furthermore, the SAB
concluded that the EPA had identified the necessary tools in its overall research approach to
assess the potential impacts of hydraulic fracturing on drinking water resources. The EPA
revised the draft Study Plan in response to the SAB’s feedback and released a final Study Plan in
November 2011.°

Scientists from the EPA are in the process of carrying out the research activities detailed in the
final Study Plan. In December 2012, the EPA released a progress report to describe the current
status of the research underway. A draft report that will synthesize results from ongoing research
and include a thorough literature review is expected at the end of 2014.

Specific Request

ORD requests that the SAB ad hoc Hydraulic Fracturing Advisory Panel provide a consultation
from individual expert members of the Hydraulic Fracturing Advisory Panel regarding the Study
of the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources: Progress
Report. The specific Charge Questions are attached. Comments from individual panel members
of the SAB ad hoc panel will be considered as the EPA works toward releasing its draft synthesis
report in late 2014.

Questions regarding this request should be directed to Cindy Roberts at roberts.cindy@epa.gov
or (202) 564-1999. We appreciate the efforts of the SAB to prepare for the upcoming
consultation on the Progress Report, and we look forward to the discussing these questions with
the ad hoc panel.

Attachment

* http://yosemite.epa.gov/sab/sabproduct.nsf/0/2BC3CD632FCCOE99852578E2006 DF890/$File/EPA-SAB-11-012-
unsigned.pdf
® http://epa.gov/hfstudy/HF_Study Plan_110211 FINAL_508.pdf

187



Individual Comments from Members of Science Advisory Board Hydraulic Fracturing Research Advisory Panel on
EPA’s Progress Report: Potential Impacts of Hydraulic Fracturing on Drinking Water Resources — December 2012.
These comments do not represent SAB consensus comments nor EPA Policy.

Charge Questions

The EPA’s Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources
is organized by the five stages of the hydraulic fracturing water cycle. Primary and secondary
research questions, developed for each stage, provided a basis for the development of the
research projects summarized in the Progress Report. Each primary research question is
supported by secondary research questions, as described in Chapter 2 of the Progress Report.
Research projects, described briefly in Table 1 and in more detail in Chapters 3-7, were designed
to provide results to help answer one or more of the secondary research questions. Tables 2-6
identify the relationships between the research projects and the applicable secondary research
questions. Results from the research projects underway will be synthesized in a report of results
that will answer the research questions using the available information. The charge questions
below correspond to specific research projects under the five phases of the hydraulic fracturing
water cycle.

Water Acquisition

1. Water Quality. As described in Section 3.1, the EPA is gathering information on the
volumes and sources of water used for hydraulic fracturing (including recycling efforts)
and will use this information to review published literature to assess whether these types
of water withdrawals may impact local water quality.

a. What spatial and temporal scales should be considered for this analysis to
best characterize the impacts, if any, on the quality of water used as a source
of drinking water?

b. Please identify the most important water quality characteristics that should
be considered.

2. Water Availability. Section 4.3 describes research to evaluate the extent to which water
withdrawals may affect the short- and long-term availability of water in areas where
hydraulic fracturing is conducted. The EPA is modeling two different areas of the country
with three different future scenarios to examine how the availability of water resources,
the characteristics of oil- and gas-containing formations, the level of hydraulic fracturing
well deployment and hydraulic fracturing management activities may impact water
availability. The watershed modeling is being conducted in the Susquehanna River Basin
in the eastern United States and in the Upper Colorado River Basin in the western United
States. What spatial and temporal scales should be considered for this analysis to
best characterize the impacts, if any, on the availability of water used as a source of
drinking water?

Chemical Mixing

The EPA is assessing whether on-site spills and leaks of hydraulic fracturing fluid may impact
drinking water resources by examining data found in state spill databases and compiling
information on chemicals used in hydraulic fracturing fluids. Appendix A lists approximately
1,000 chemicals reportedly used in hydraulic fracturing fluids between 2005 and 2012.
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1. The composition of hydraulic fracturing fluids is dependent on location- and well-
specific factors (e.g., well depth and length, geologic properties), which leads to
variability in the identity and volumes of chemicals used for hydraulic fracturing.
Information on fluid composition is being gathered as part of the service company data
analysis (Section 3.3), well file review (Section 3.4), and FracFocus analysis (Section
3.5). The service company data analysis is expected to provide general information about
the types and composition of fluids used by nine companies across the country (see pages
41-42 for a more detailed description of the type of information available). In contrast,
both the well file review and the FracFocus analysis are expected to provide well-specific
information on chemicals used for hydraulic fracturing (see pages 53 and 60,
respectively).

a. Given the data sets available, what information on fluid composition, factors
affecting composition, and/or trends in composition of hydraulic fracturing
fluids® may be most useful for identifying potential impacts to drinking water
resources across the United States?

b. What key historical changes or current trends, if any, in hydraulic fracturing
fluid composition should be considered as the EPA assesses the chemicals
listed in Appendix A?

2. In response to stakeholder suggestions, the EPA is considering whether a subset of the
chemicals listed in Appendix A or other hydraulic fracturing-related chemicals could be
identified as hydraulic fracturing “indicator” chemicals. In this case, the EPA defines an
“indicator chemical” as a chemical already present in hydraulic fracturing fluids or
wastewater and not a chemical that is added to track fluid migration. What criteria
should be considered when identifying indicator chemicals, and why?

Well Injection

Research underway for this water cycle stage is focused on identifying conditions that may be
associated with the subsurface migration of gases and fluids to drinking water resources through
man-made (e.g., production wells or induced fractures) or natural pathways (e.g., natural faults
or fractures).

1. Lawrence Berkeley National Laboratory, in consultation with the EPA, is conducting
numerical modeling of six possible subsurface fluid migration scenarios (page 63 and
Figures 14-19). The scenarios are modeled after the Marcellus Shale, a deep, low-
permeability formation where horizontal drilling and hydraulic fracturing are used to
release natural gas. This approach is being used to evaluate mechanisms by which it may
be physically possible for upward migration of fluids, including gases, to occur; identify
factors (e.g., permeability, formation pressure, injection pressure, etc.) that affect fluid
transport; and assess potential impacts on drinking water aquifers in cases of fluid
migration. Given that hydraulic fracturing occurs at different depths and in different

® For this charge question, the EPA is referring to the overall composition of the hydraulic fracturing fluid and not to
changes made to the fluid composition during hydraulic fracturing.
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types of rock formations, please comment on how to best use results from these
simulations to answer the research questions listed in Table 26 (page 62).

2. For this study, the phrase “well integrity” is used to describe the extent to which an oil
and gas production well isolates the wellbore from surrounding geologic strata (and vice
versa) and is dependent on well construction and operation practices. The EPA’s study is
assessing the effectiveness of current well construction practices through the well file
review (Section 3.4), subsurface migration modeling studies (Section 4.1) and
retrospective case studies (Chapter 7). As part of the well file review, the EPA asked oil
and gas operators for information on well construction and operation practices, including:

e Daily drilling and completion records describing the day-by-day account and
detail of drilling and completion activities
e Mud logs displaying shows of gas or oil, losses of circulation, drilling breaks, gas
kicks, mud weights, and chemical additives used
e Caliper, density, resistivity, sonic, spontaneous potential, and gamma logs
e Casing tallies, including the number, grade, and weight of casing joints installed
e Cementing records for each casing string, which are expected to include the type
of cement used, cement yield, and wait-on-cement times
e Cement bond logs, including the surface pressure during each logging run, and
cement evaluation logs, radioactive tracer logs or temperature logs, if available
e Pressure testing results of installed casing
e Up-to-date wellbore diagram
Section 3.4.4 briefly describes the data set and the types of results the EPA expects to
produce from the information described above. The results may then be used to identify
construction and operation practices that could lead to impacts on drinking water
resources. Please comment on other ways the information listed above may be used
to characterize the effectiveness of well construction and operation practices at
protecting drinking water resources.

Flowback and Produced Water

The EPA is assessing whether on-site spills and leaks of flowback and produced water
(collectively referred to as “hydraulic fracturing wastewater”) from handling and storage may
impact drinking water resources by compiling information on the composition of this wastewater
and examining data found in state spill databases.

1. Appendix A lists chemicals detected in flowback and produced water (Tables A-3 and A-
4). Sources of this information include reports from the New York State Department of
Environmental Conservation and the Marcellus Shale Coalition as well as data found in
well files. The composition of hydraulic fracturing wastewater, however, is reported to
vary across the United States. Please identify specific data or literature on the
composition of flowback and produced water in other areas of the country.

2. Spills and leaks of hydraulic fracturing wastewater are being considered as potential
sources of drinking water contamination at two retrospective case study locations, in
Washington County, Pennsylvania, and Wise County, Texas (Sections 7.5 and 7.6,
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respectively). Results from these case studies may provide limited information on how
spills or leaks may impact drinking water resources. To gain a better understanding of
hydraulic fracturing-related spills, spill data are being compiled from selected state and
federal databases, including Colorado, New Mexico, Pennsylvania, Texas, Wyoming, and
the National Response Center (Section 3.2). These data will be combined with spill
information submitted by oil and gas operators (Section 3.4) and hydraulic fracturing
service companies (Section 3.3) to create a reference table of hydraulic fracturing-related
spills. The reference table will be analyzed for trends in the causes and volumes of
hydraulic-fracturing related spills. In most cases, spill information found in the databases
does not indicate whether or not reported spills impacted drinking water resources.
Please suggest ways for the EPA to use these or other data to more comprehensively
assess how spills or leaks may impact drinking water resources.

Wastewater Treatment and Waste Disposal

In some areas of the country, hydraulic fracturing wastewater may be treated at publicly owned
treatment works or centralized waste treatment facilities prior to discharge to surface waters.
This provides an opportunity for chemicals in the effluent to be transported downstream to public
water supply intakes. To evaluate the potential for chemicals that reach these intakes to impact
drinking water quality, the EPA is investigating the efficacy of common wastewater treatment
processes at removing selected components of flowback and produced water.

1. Hydraulic fracturing wastewater contains a mixture of chemicals injected as part of the
fracturing fluid and chemicals present in the oil and gas producing formation (e.qg.,
hydrocarbons, brines). The complex matrix associated with hydraulic fracturing
wastewater often makes identifying and quantifying chemicals difficult. The EPA is
currently able to detect and quantify selected anions, cations, and metals in the
wastewater and is considering modifying analytical methods for detecting selected
organics in the wastewater (Section 5.4). Please provide recommendations for other
specific chemicals that are of interest from a wastewater treatment and/or drinking
water treatment perspective.

2. Treatment, disposal and recycling practices for hydraulic fracturing wastewater are
rapidly changing. Oil and gas producers are accelerating efforts to reuse and recycle
hydraulic fracturing wastewater in some regions in order to decrease costs associated
with procuring fresh water supplies, wastewater transportation, and offsite treatment and
disposal. These changes may have implications for wastewater treatment and disposal
through publicly owned treatment works or centralized waste treatment facilities that
discharged treated wastewater to surface waters. For example, recycling may decrease the
volume of wastewater being sent to wastewater treatment facilities, but may also create
more concentrated waste streams. What key trends in wastewater management, if any,
may affect the volume and/or composition of hydraulic fracturing wastewater being
treated and discharged to surface water?
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