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1 Introduction

The New York State Department of Environmental Conservation (NYSDEC) published a Revised Draft
Supplemental Generic Environmental Impact Statement (revised dSGEIS), dated September 2011
(NYSDEC, 2011). The revised dSGEIS has been updated based on public comment and further analysis
by NYSDEC since it released the prior draft SGEIS (dSGEIS) in September 2009 (NYSDEC, 2009). The
revised dSGEIS contains generic permit requirements for the development of natural gas production wells
in the Marcellus Shale formation using horizontal drilling and high-volume hydraulic fracturing (HF)

techniques (NYSDEC, 2011).

This report, which was prepared on behalf of Halliburton Energy Services, Inc. (HESI), evaluates the
potential for flowback water recovered from the HF process in the Marcellus Shale to upset the treatment
process at a Publicly Owned Treatment Works (POTW). As discussed further in Section 3, our analysis
focuses on the organic constituents that may be found in flowback due to their use in HF fluids, as well as
certain organic constituents that have been measured in flowback samples and that occur naturally in the
Marcellus Shale. We do not focus on inorganics and conventional wastewater parameters because such
parameters have been routinely treated in POTWs for decades, and are commonly subject to effluent
discharge limits (which may in turn possibly require pretreatment in certain cases to achieve the discharge

limits) in order to ensure that these parameters will not upset treatment processes.

Section 2 of this report provides an overview of flowback fluid recovery and disposal considerations,
including an overview of applicable regulations on flowback disposal. Section 3 describes the
methodology used to evaluate potential impacts of flowback on wastewater treatment at POTWs, with a

specific emphasis on biological treatment processes. The methodology consists of three central

components:

1. Estimation of potential concentrations of constituents in flowback water — and
particularly the organic constituents that are the focus of this study — and their respective
concentrations when mixed in the overall flow of wastewater being treated at a POTW;

2. Determination of "risk-based concentrations" (RBCs) for these constituents in flowback
that reflect the potential for a constituent to adversely affect the biological treatment stage
in POTW systems; and

3. Calculation of "Hazard Quotients," which represent the ratio of the predicted flowback

constituent concentrations at a POTW to their associated risk-based concentrations, to
assess whether the flowback constituent concentrations could exceed the RBCs and
thereby potentially lead to POTW treatment upset conditions.
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As summarized in the concluding Section 4, our results indicate that treatment of the organic constituents
in flowback water from HF activities at POTWs is not expected to upset biological wastewater treatment
processes at these facilities. All of the Hazard Quotients are less than 1 (i.e., HQ<I), indicating that
flowback constituent concentrations in POTWs are expected to be less than their respective RBCs. The
RBCs are based on toxicity values from published studies where available, and estimated from
Quantitative Structure Activity Relationships (QSARs) when measured values were not readily available.
The use of QSARs to estimate chemical toxicity (and by extension RBCs) is an approach that is routinely
adopted by the U.S. Environmental Protection Agency (US EPA). For example, the US EPA Office
of Pollution Prevention and Toxics (OPPT) has developed its ECOSAR (Ecological Structure

Activity Relationship) model to fill data gaps where little or no experimental measured data exists.'

In addition, we also conservatively estimated the cumulative impact of HF constituents that could be
present in flowback by summing all of the Hazard Quotients for the constituents of various HF fluid
systems to estimate Hazard Indices for the different fluid systems. Similarly, all of the Hazard Indices are
less than 1 (i.e, HI<I) for these fluid systems. As discussed more fully in this report, the conservative
approaches adopted here lend a high level of confidence that flowback from HF activities, and
particularly the organic constituents that are the focus of this study, will not disrupt POTW treatment
processes. The results of this analysis indicate that the appropriateness of routine detailed headworks
analyses proposed in the revised dSGEIS should be reconsidered with respect to organic constituents in
flowback — our analysis indicates little likelihood for these constituents to upset POTW treatment

processes.

! http://www.epa.gov/oppt/newchems/tools/ecosartechfinal. pdf
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2 Hydraulic Fracturing Flowback Fluid Disposal to a POTW

This section provides a brief overview of the HF process, flowback fluid recovery, and regulatory

considerations for flowback disposal.

2.1 HF Process

As described more fully in the revised dSGEIS (NYSDEC, 2011), hydraulic fracturing typically involves
large volumes of fluids (generally consisting mostly of water), pumped under high pressure, to fracture
the target formation to allow for natural gas production. The fluids also contain chemical constituents
("HF = constituents") to enhance the fracturing process; these constituents typically comprise
approximately 0.5% by weight of the total amount of fluid used in the hydraulic fracturing process. Once
the fracturing is complete, and the fluid pressure removed, fluids pumped into the shale formation along

with naturally occurring fluids from the shale formation are recovered from the well as "flowback" fluids.

Several options exist, or are being developed, for treatment, recycling, and reuse of flowback generated
during HF operations. Although there is a trend towards increasing the recycling and reuse of flowback,
proper disposal is required for flowback water that is not reused. Disposal of flowback fluids is often
accomplished through deep underground injection wells. In New York, disposal via underground
injection is not expected to occur; treatment of flowback at POTWs is a potential alternative disposal

option.
2.2 Regulatory Requirements

The NYSDEC utilizes an EPA-approved program for the control of wastewater effluent discharges
directly to surface waters, referred to as the State Pollutant Discharge Elimination System (SPDES).
SPDES permits are issued to wastewater dischargers, including Publicly-Owned Treatment Works
(POTWs), who typically discharge treated effluent to surface waters. The POTW's permit defines
whether the POTW can accept non-domestic waste and includes specific discharge limitations and
monitoring requirements. A POTW must have a State-approved "pretreatment" program in order to

accept industrial wastewater.’

2 EPA considers flowback to be an industrial wastewater that is subject to pretreatment requirements. EPA Office of Wastewater
Management, Natural Gas Drilling in the Marcellus Shale, NPDES Program Frequently Asked Questions (March 16, 2011) at 8.
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Current federal Clean Water Act regulations at 40 CFR Part 435, Subpart C do not include pretreatment
standards that specifically address disposal of flowback into POTWs. However, EPA's General
Pretreatment regulations under the National Pollutant Discharge Elimination System (NPDES) prohibit
the introduction into a POTW of wastewaters that contain pollutants which could "pass through" (i.e.,
flow through the POTW without any treatment) or cause interference with POTW operations (US EPA,
2011). In addition, the federal regulations establish best practicable control technology (BPT)
requirements for treatment of wastewater from onshore oil and gas exploration activities, and these
requirements preclude direct discharge of untreated wastewater pollutants into navigable waters for
produced water (e.g., flowback) and other wastes (US EPA, 2011). Under federal NPDES regulations,
and the New York SPDES regulations, POTWs must also notify the permitting agency (NYSDEC in this
case) of any new industrial waste or of substantial changes in the volume or character of pollutants they
plan to receive at their facility. NYSDEC must then determine if the SPDES permit needs to be modified
to accept the wastewater. For example, NYSDEC states in the revised dSGEIS that SPDES permits for
POTWs that accept flowback from Marcellus Shale operations would be modified to include influent and
effluent limits for parameters such as total dissolved solids (TDS). In addition to these existing
NPDES/SPDES regulations, the US EPA recently announced its intention to develop effluent guidelines
for the discharge of wastewater from natural gas development from Coalbed Methane formations, and to
develop pretreatment requirements for flowback from shale gas extraction.” This draft plan calls for US
EPA to collect data and information regarding flowback from shale gas extraction activities (such as those
in the Marcellus Shale) and develop information on available treatment technologies. This proposed plan
may ultimately lead to the development of effluent guidelines for flowback water from shale gas

extraction.

As part of the revised dSGEIS, NYSDEC has proposed measures that include a headworks analysis (also
known as a Maximum Allowable Headworks Loading Analysis) for a POTW to be able to accept
flowback water from shale gas wells. The data required for conducting such a headworks analysis are
specified in the revised dSGEIS (NYSDEC, 2011), and include defining flowback chemical composition
and testing for potential aquatic toxicity. Using this information, the POTW would determine whether the
volumes and concentrations of constituents present in flowback water could be accepted by the facility
and whether changes might be needed to the facility's SPDES permit. One of the key objectives of the
proposed headworks analysis is to determine whether HF flowback could adversely affect the POTW
treatment process (particularly biological treatment) and could thereby result in disruption of the POTW

3 Federal Register, Vol. 76, No. 207, Wednesday, October 26, 2011.
* POTW procedures for accepting high-volume HF wastewater are described in Appendix 22 of the revised dSGEIS (NYSDEC,
2011).
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operation and diminished treatment effectiveness. This report presents a conservative screening-level
assessment to evaluate whether flowback, or more specifically the organic constituents that may be
associated with flowback, from HF activities in the Marcellus Shale are likely to upset the POTW

treatment process.

3 Potential Impacts of Flowback Constituents on POTW Treatment

Wastewater treatment at a POTW is a multi-step process that typically includes: (i) primary treatment to
remove suspended solids; (ii) secondary treatment to decompose organic matter; and (iii) sometimes
tertiary treatment to remove nutrients. At facilities accepting industrial wastewater, there may also be a
pretreatment step to reduce the concentration of inorganic chemicals to levels below those that might
upset the secondary and tertiary treatment stages. Typically, biological treatment processes (and
specifically microorganisms) are used in the secondary and tertiary (if used) wastewater treatment steps.
As such, conditions in these treatment stages need to be conducive to microorganism survival. If high
concentrations of certain constituents are introduced into a POTW, they could impair the survival of
beneficial microorganisms, cause an upset of the wastewater treatment process, and may result in the

discharge of inadequately treated POTW effluent to surface water.

This section presents the approach used to develop a potential range of flowback constituent
concentrations at POTWs which may treat flowback. We evaluate a possible range of dilution of the
flowback water into the overall POTW wastewater stream. Considering a range of dilution scenarios
provides insight on how potential constituent concentrations at the POTW might vary under a range of

possible flowback water characteristics.

Our analysis focuses on the potential for organic constituents in flowback to upset the POTW treatment
process. We focus on organic constituents for several reasons. First, conventional wastewater
constituents (e.g., BOD, pH, TSS, oil & grease, €tc.) and inorganic chemicals, such as metals, have been
commonly treated for decades at POTWs, using pre-treatment approaches where required. Second, in
addition to pretreatment (if required), mixing of flowback water with other wastewater received at a
POTW for the purpose of compliance with effluent discharge limits will reduce concentrations of such
constituents to levels that are not expected to have an adverse effect on microorganisms. In the Federal
Register notice issued by US EPA announcing its intent to develop pretreatment requirements for
flowback from shale gas extraction, US EPA acknowledged that POTWs follow this practice with

flowback, blending the flowback with traditional POTW wastewater to ensure that TDS concentrations do
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not cause upset conditions.” NYSDEC has indicated that it expects this practice to be followed in New
York, with SPDES permits for POTWs that accept flowback from shale gas wells being modified to
include limits for parameters such as TDS to ensure that TDS levels will not cause upset conditions. For
example, in its analysis in the revised dSGEIS of potential dilution of flowback being treated at a POTW,
NYSDEC assumed that TDS concentrations in POTW effluent would be 1,000 mg/L.° This TDS
concentration is relatively low compared to concentrations at which adverse effects in microorganisms are
exhibited. Typically, adverse effects in microorganisms that could result in upset conditions at a POTW
are not expected to occur until TDS concentrations are on the order of 10,000 mg/L.” Therefore, at a
typical POTW, conventional and inorganic constituents are not likely to upset the POTW treatment
process. Overall, given the considerable experience at POTWs with handling such conventional and
inorganic constituents these constituents are not addressed in this analysis. Thus, the remaining analysis

focuses on organic constituents that may be present in flowback water to be treated at POTWs.

3.1 Flowback Dilution in POTWs

In order to assess whether organic constituents in flowback water could disrupt the biological treatment
processes within a POTW, it is necessary to determine the concentration of a particular constituent within
the overall waste stream being treated at the POTW. When flowback water is accepted at a POTW, the
concentrations of flowback constituents will be diluted in the POTW as a result of mixing within the other
(i.e., municipal and industrial) wastewater stream being treated at the POTW. The diluted concentration

of a flowback constituent after being mixed into a POTW can be stated as:

Cr

Crorw = DAF (-1
where:
Cprorw = Flowback chemical concentration in POTW (pg/L)
Cr = Chemical concentration in flowback water (ug/L)
DAF = Dilution Attenuation Factor

5 US EPA. "Notice of Final 2010 Effluent Guidelines Program Plan." Fed. Reg. 76(207):66296, October 26.

® TDS measures the salt content of the wastewater, i.e., the combination of inorganic chemicals, such as chloride, sulfate,
bromide, and other constituents of salts.

7 Hashad M., Sharma S., Nies L., and Alleman J. 2006. "Study of Salt Wash Water Toxicity on Wastewater Treatment." Joint
Transportation Research Program, Purdue University.
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The revised dSGEIS estimates the anticipated dilution of flowback within POTWs. The estimate is
premised on the amount of dilution required to reduce the high total dissolved solids (TDS) concentration
in flowback to a concentration of 1,000 mg/L.8 On this basis, the revised dSGEIS indicates that a DAF of
up to 500 may be needed to reduce TDS concentrations in flowback water to a concentration of 1,000
mg/L. (NYSDEC, 2011, p. 6-62). This DAF is based on the highest reported TDS concentration in
Marcellus flowback (350,000 mg/L), and thus represents the maximum dilution factor, or an upper-bound
DAEF. Using this same approach, less dilution would be needed for flowback fluid containing TDS at less
than this high-end concentration. For example, applying the same methodology, but instead using the
median TDS concentration in flowback of 63,800 mg/L. (a more typical value) presented in the revised

dSGEIS (revised dSGEIS, Table 5-10), yields a DAF of approximately 100.°

In our previous analysis (Gradient, 2009), we had derived a DAF of 40 for flowback treatment at a
POTW. However, our understanding regarding likely operations with respect to the Marcellus Shale in
New York State has evolved as more information has become available and as NYSDEC has further
refined its proposed conditions for those operations during the SGEIS process. Given our current
understanding of likely HF operations, we have concluded that a DAF of 40 is not realistic.'® Therefore,
in this current POTW analysis we have used DAF values of 100 (median) and 500 (upper-bound) to
assess a range of anticipated dilution factors when treating flowback at a POTW (Table 1). This approach
is consistent with the approach adopted by NYSDEC in the revised dSGEIS.

Table 1. Flowback Disposal to a POTW — Range of DAF Values

Flowback Scenario DAF

Median Total Dissolved Solids 100

Upper-Bound Total Dissolved Solids 500"
Notes:

ol perjved using median TDS (63,800 mg/L) and method adopted in revised dSGEIS (p. 6-62)
Bl pilution Factor for maximum TDS (350,000 mg/L) presented in revised dSGEIS (p. 6-62)

8 This TDS limit for POTW effluent in the revised dSGEIS appears to be an assumption in NYSDEC’s analysis and not
necessarily a proposed permit limit. TDS limits for POTWs are determined on a case-by-case basis and are specified in a
POTW's SPDES permit.

? The DAF calculated assuming flowback at the median TDS concentration (63,800 mg/L) yields a DAF of 91, which we have
rounded up to 100 for simplicity.

1% That prior estimate was based on flowback recovery rates for 8 wells per well pad. The revised dSGEIS indicates that only 4
wells would be installed in any year on a well pad, which would reduce flowback volume by half of what we had used in our
2009 study. A reduced volume of flowback would therefore be mixed in with the same volume of other wastewater at a POTW,
resulting in greater dilution of the flowback. For this reason, our prior DAF of 40 is no longer relevant.
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Note that for flowback with TDS concentrations below the median value reported in the revised dSGEIS,
lower DAF values could be derived using the revised dSGEIS methodology. However, in our analysis,
we have used the very conservative assumption that constituents are present at their maximum detected
concentrations in flowback (e.g., "worst-case" conditions). We applied a range of DAFs for this worst
case scenario as a sensitivity analysis, by evaluating these high-end concentrations in conjunction with
median and maximum DAFs. At the same time, it is highly implausible that flowback containing
maximum concentrations of organic constituents would simultaneously have lower than normal levels of
TDS that would lead to a low DAF. Therefore, we did not evaluate a scenario of maximum
concentrations and minimum DAFs, because the coupling of two extreme (i.e., overly conservative)

assumptions would have created an unrealistic scenario that is not expected to occur.

3.2 Flowback Constituent Concentration Estimation

In order to assess a comprehensive range of organic constituents that could potentially be present in

flowback fluids, we utilized two sources of information:

. Constituents that have been measured in flowback samples from the Marcellus Shale in
Pennsylvania and West Virginia (reported in revised dSGEIS); and

. HF chemical constituents that are used in typical HESI HF fluid systems that could
potentially be recovered in flowback.

The measured flowback constituents are based on samples of flowback liquids recovered from HF
operations in the Marcellus Shale region of Pennsylvania and West Virginia. The constituents measured
in these samples represent a combination of naturally occurring compounds from the shale formation and
HF constituents that are returned with flowback after the HF stimulation. The organic constituents in
flowback water from Marcellus Shale samples are summarized in the revised dSGEIS (Table 5.10). For
our analysis, we have included organic flowback constituents detected in more than three (3) samples.''
The maximum detected flowback constituent concentrations, which were utilized in our analysis, are

summarized in Table 2.

' Constituent concentration estimates based on < 3 measurements were not considered sufficiently robust and were not evaluated
in our analysis.
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As a supplement to this dataset, we evaluated a suite of HF constituents used in typical HESI HF
formulations. HESI has developed HF fluid formulations for hydraulic fracturing in the Marcellus
formation, as well as other oil and gas formations in other regions of the US. Designations for a number
of typical HESI HF fluid systems, as well as the typical volume of fluids used during various fracturing
stages are presented in Table 3. Although only a subset of these systems are anticipated to be used in the
Marcellus formation, we have evaluated all of the HF constituents that are included in these systems as a

comprehensive measure.

We used the maximum concentration of HF constituents spanning all of the typical HESI HF fluid
formulations (regardless of whether targeted for use in the Marcellus or not) in this assessment. Table 4
lists the typical HF chemical constituents and their maximum concentrations across all of the typical

HESI HF systems.

We have assumed for purposes of this analysis that all of the constituents used in typical HESI HF fluid
systems are recovered in flowback water at the same concentration as they are introduced at the
wellhead. This is a very conservative assumption, and a highly unlikely scenario for several reasons. For
example, HF constituents will be diluted into formation fluids, and will also likely diffuse into rock pore
spaces and adsorb to the formation, some becoming trapped in pinched-off fractures beyond the
continuous fracture network. Other constituents will break down in the formation (either through
biodegradation or abiotic reactions). These mechanisms are expected to significantly reduce the
concentrations of these constituents in flowback water. Thus, the assumption that HF constituents in
flowback would be found at the same concentrations as they are introduced at the wellhead is unrealistic,
and therefore adds a high degree of conservatism to our analysis. In addition, for the measured flowback
constituents, we used the maximum measured concentration values in our analysis. Thus, our results
represent an upper-bound screening evaluation of whether the maximum concentration of organic

constituents in flowback may have the potential to upset POTW treatment processes.
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Table 3 Typical HESI Hydraulic Fracturing Fluid Systems

Formulation Name

Fluid Stage Designation

Fluid Volume

(gal)
Pre-frac Acid 01* Acid prior to HF 34,000
Pre-frac Acid 02 Acid prior to HF 73,000
Pre-frac Acid 03 Acid prior to HF 5,000
W 5,340
Foam frac 01* XLF 22,082
TW + XLF (total) 27,422
Gel frac 01 XLF 1,915,000
LF 170,000
Hybrid frac 01* WF 4,500,000
LF + WF (total) 4,670,000
T™W 816,750
Hybrid frac 02 XLF 2,329,000
TW + XLF (total) 3,145,750
LF 29,203
Hybrid frac 03 XLF 97,000
LF+XLF (total) 126,203
W 393,700
Hybrid frac 04 Flush 461,993
XLF 2,154,500
TW+XLF+Flush (total) 3,010,193
W 849,000
Hybrid frac 05 XLF 1,247,100
TW+XLF (total) 2,096,100
W 7,000
Hybrid frac 06 LF 175,680
XLF 1,179,324
LF+XLF+TW (total) 1,362,004
Water frac 01* WF 4,500,000
Water frac 02 WF 4,500,000
Water frac 03 WF 7,310,000
Flush 204,600
Water frac 04 LF 502,200
LF+Flush (total) 706,800

Notes: Treated Water (TW), Linear Fluid (LF), Cross-Linked Fluid (XLF), Water Frac (WF)
*Systems likely to be used for HF activities in the Marcellus Shale formation.
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3.3 Microorganism Toxicity Benchmarks

In order to characterize the potential for upset conditions, the upper-bound concentrations described in
Section 3.2 were compared to toxicity benchmarks for microorganisms. These benchmarks were derived

as follows.

As described previously, the POTW treatment process occurs in a series of stages, where removal of
organic matter (and perhaps nutrients) occurs in secondary and possibly higher level (e.g., tertiary)
treatment stages. Organic materials in a municipal POTW are commonly removed by a process of
mineralization,'> accomplished by an assortment of microorganisms. Municipal wastewater normally
contains readily biodegradable organic substances, however, in some cases, wastewater may also contain
synthetic organic chemicals. Under some conditions, these synthetic organic constituents could

potentially cause upset conditions in a POTW's biological treatment stages.

In order to assess the potential for upset conditions, we developed "risk based concentrations," or RBCs,
for the various constituents listed in Table 2 and Table 4. These RBCs provide estimates of a chemical
concentration threshold below which adverse effects on microorganisms used in POTW treatment

processes would not be expected. The RBCs were derived using the following approach:

. Estimation from Measured Toxicity Data — when available, studies that provided
microbial toxicity data on flowback constituents were used to derive RBCs.

° Estimation from Quantitative Structure-Activity Relationships (QSARS) — when
experimental data were not available, we used a method for estimating microbial RBCs
that relates chemical solubility to toxicity.

Measured toxicity data from which RBCs were determined were available for the following constituents:
benzene, ethyl benzene, toluene, xylene, methanol, propanol, and ethanol. For other constituents, a
QSAR was used to predict RBCs. The use of QSARs to estimate chemical toxicity (and by extension
RBCs) is an approach that is routinely adopted by the U.S. Environmental Protection Agency (US
EPA) when measured data are limited or unavailable. For example, the US EPA Office of Pollution
Prevention and Toxics (OPPT) has developed its QSAR model (called ECOSAR-Ecological

2 Mineralization is the conversion of substances from an organic to inorganic form, e.g., the conversion of organic carbon to
CO,. Mineralization is the method by which POTWs remove organic matter from wastewater.
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Structure Activity Relationship) to fill data gaps where little or no experimental measured data

exists.'?

The QSAR used for the purposes of this analysis predicts the inhibitory concentration (ICso)"* reported to
have an effect on activated sludge, methanogens, nitrobacteria, or two commercial bacterial cultures
(Polytox and Microtox). Predicted ICs, values were calculated from chemical solubility by using the
following equation (Trevizo and Nirmalakhandan, 1999) and these ICs, values were used as the RBCs for

constituents that did not have measured toxicity data available.
log (1Cso, mM/I) = 0.68 log (Solubility, mM/I) - 0.25

The relationship is a statistically significant linear regression between experimental 1Cs, data and water
solubility for 72 compounds whose solubilities span 8 orders of magnitude (i.e., applicable to a broad
range of constituents) (Trevizo and Nirmalakhandan, 1999). RBCs for all organic compounds are shown

in Table 2 (measured flowback constituents) and Table 4 (constituents in typical HESI HF systems).
3.4 Risk Characterization

Potential risks to microorganisms used in POTW treatment processes were quantified by calculating a
Hazard Quotient (HQ), relating the estimated concentrations of the various flowback constituents in a
typical POTW (referred to as “exposure point concentrations” because these are the constituent
concentrations to which the microorganisms could be exposed) to the RBCs (discussed in section 3.3,
above). This Hazard Quotient (ratio of an exposure point concentration to an RBC) approach is standard
practice in ecological risk assessments when evaluating potential chemical impacts to biological

organisms. The Hazard Quotient is simply:

C
Ho = e 6

The numerator in this equation (Cporw) Was calculated using Equation (3-1). Risks were quantified for
two scenarios as described in Section 3.2, using both a median DAF and a high-end DAF to estimate a

potential range of flowback constituent concentrations in a POTW. For both scenarios, the conservative,

" hitp://www.epa.gov/oppt/newchems/tools/ecosartechfinal.pdf
' The ICs, is a measure of the effectiveness of a chemical in inhibiting biological or biochemical function. For instance, in a
Microtox assay, it is the concentration of a chemical at which 50% reduction in bioluminescence by marine bacteria occurs.
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maximum constituent concentrations in flowback, discussed in Section 3.2 (see Table 2 and Table 4),

were used.

An HQ value of less than or equal to 1 indicates that adverse effects on POTW microorganisms are
unlikely, whereas an HQ value greater than 1 indicates that effects cannot be ruled out and additional
evaluation may be warranted. The calculated HQs for measured flowback constituents are presented in
Table 2 and the calculated HQs for flowback assuming typical HESI HF wellhead concentrations are
presented in Table 4. All of the constituent-specific HQs are less than 1 (i.e., HQ<I) — in fact, none of the
HQs is greater than 0.3 — indicating that none of the organic constituents potentially present in the

flowback would be at concentrations that are expected to upset the POTW treatment process.

In addition to calculating HQs for individual organic flowback constituents, we also summed the HQs for
constituents that could potentially be used together in various HF fluid systems to estimate their potential
cumulative impact. The sum of the HQs yields a whole-system "Hazard Index" for the typical HESI HF
systems (Table 5). While this approach is conventional in risk assessments, we note that it is highly

conservative for the following reasons:

. We have used maximum constituent concentrations in flowback, thereby summing
"maximum HQs" to yield the Hazard Index. It is highly implausible that all constituents
would be found at a POTW at their respective maximum concentration simultaneously.

. We have assumed that HF constituents will be present in flowback at the same
concentrations that are found at the wellhead. As discussed in Section 3.2, there are a
number of mechanisms that will retain and/or dilute HF constituents, thus resulting in
much lower concentrations of HF constituents in flowback.

. Summing HQs to yield a Hazard Index is only meaningful when chemicals exhibit the
same toxicological effect, or the toxicological endpoint is sufficiently similar, which is
unlikely for the array of chemicals in flowback.

Despite the extremely conservative approach adopted in this assessment, all of the cumulative Hazard
Indices for the HESI HF systems are less than 1 (i.e., HI<1) for either of the DAFs (Table 5); in fact none
of the cumulative Hazard Indices exceeds 0.6. We note further that any of the "pre-frac acid"
formulations identified in Table 3" can be used with the various fluid systems or the HF operation can be
conducted without the use of a pre-frac acid. Therefore, separate cumulative Hazard Indices were

calculated for each fluid system assuming the use of each of the pre-frac acid formulations as well as the

"> In many cases, an HF job will begin with a “pre-frac acid” stage in which an acid formulation is pumped down the well to
clean it out following drilling, casing and cementing before the pumping of the frac fluids starts.
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use of a fluid system without any pre-frac acid stage, thus giving the reported range of Hazard Indices for

each fluid system in Table 5.

These results (i.e., all HQs<1 and all HIs<1) indicate that flowback constituents, particularly the organic
constituents that may be associated with HF fluids, are not expected to upset the POTW biological
treatment process. This conclusion is further bolstered by the many highly conservative assumptions

made in our calculations.

Table 5. POTW Microorganism Hazard Indices for Typical HESI HF Fluid Systems

HESI HF System Hazard Index (Sum of HQs)
DAF = 100 DAF = 500
Foam frac 01 0.2-0.6 0.04-0.1
Gel frac 01 0.04 - 0.07 0.01-0.01
Hybrid frac 01 0.01-0.02 0.002 - 0.004
Hybrid frac 02 0.1-0.1 0.02-0.03
Hybrid frac 03 0.05-0.3 0.01-0.06
Hybrid frac 04 0.2-0.2 0.04-0.04
Hybrid frac 05 0.3-0.3 0.06 - 0.07
Hybrid frac 06 0.1-0.2 0.03-0.04
Water frac 01 0.2-0.2 0.03-0.03
Water frac 02 0.2-0.2 0.03-0.03
Water frac 03 0.1-0.1 0.02-0.02
Water frac 04 0.2-0.3 0.05-0.06

Range of HI values reflects different Pre-Frac acid formulations used.
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4 Conclusion

We evaluated the potential for flowback constituents to upset treatment processes at a typical POTW.
Our results, examining a wide range of flowback constituents and a range of dilution factors within a
POTW, indicate that organic constituents in flowback are unlikely to impair POTW treatment processes.
In our analysis we adopted several notable conservative assumptions that likely overstate potential
constituent concentrations in flowback. For example, we assumed that the HF constituents would be
recovered in flowback at 100% of the concentration as injected into the subsurface. Yet, in all likelihood,
many of the HF constituents will more likely dissipate due to chemical reactions and/or adsorption and
dilution in the shale formation. Similarly, our analysis of Marcellus flowback samples reported in the
revised dSGEIS is based on the maximum detected concentrations of flowback constituents. Using these
conservative assumptions, the results of this analysis indicate that the appropriateness of routine detailed
headworks analysis proposed in the revised dSGEIS should be reconsidered with respect to organic
constituents in flowback — our analysis indicates little likelihood for these constituents to upset POTW

treatment processes.
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