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EXECUTIVE SUMMARY

E.1 Background

About 40 percent of the Delaware River Basin (“Basin”) is located in portions of Pennsylvania and
New York underlain by the Marcellus and Utica Shales. The potential for commercially viable natural
gas production from these formations within the Basin is not fully known. In regions of Pennsylvania
west of the Basin divide, oil and natural gas are extracted from the Marcellus and Utica formations
by means of directional drilling and hydraulic fracturing by a process that the Delaware River Basin
Commission (“DRBC” or “Commission”) refers to as “high volume hydraulic fracturing” (“HVHF”").
The South Newark basin formation, which underlies portions of Pennsylvania and New Jersey, may
also contain oil and gas deposits capable of development by HVHF. HVHF in combination with direc-
tional drilling has been widely used to extract oil and gas from tight rock formations such as shales
since around 2008. During HVHF, fluid (generally a blend of large volumes of water mixed with
chemicals and sand) is injected through an oil or gas production well into the targeted rock formation
under pressures great enough to fracture the hydrocarbon-bearing rock. The hydraulic fracturing
fluid carries proppant (typically sand) into the newly created fractures to keep the fractures open.
0il, gas, and wastewater containing contaminants from the fracturing fluid and target formation re-
turn up the production well to the surface, where they are collected and managed.

Over the life span of a natural gas development project using HVHF, various activities and incidents
pose risks to water resources, including: the withdrawal and consumptive use of large volumes of
surface and ground water; spills of harmful chemicals and/or fluids at the surface during chemical
mixing of hydraulic fracturing fluid; spills during the collection and transport of returned fluid and
produced water; the migration of fluids (including gases) into aquifers and/or surface waters as a
result of improperly constructed or deteriorating wells and casings and/ or where natural geologic
features create pathways for the migration of fluids (including gases); HVHF wastewater treatment
and disposal; and landscape changes associated with HVHF activities. See, reports by the New York
State Department of Environmental Conservation (NYSDEC, 2015a, 2015b) and the United States En-
vironmental Protection Agency (U.S. EPA, 2016a). NYSDEC’s and EPA’s findings are supported by
extensive additional science-based research, reporting, and data published since 2016.

All of the Basin areas underlain by the Marcellus and Utica Shales, with the exception of a small area
of Schuylkill County, Pennsylvania, drain to waters the Commission has designated as “Special Pro-
tection Waters” due to their exceptionally high scenic, recreational, ecological, and/or water supply
values. The Commission protects the quality of these waters through, among other things, water
quality standards and the supplemental requirement in Special Protection Waters “that there be no
measurable change [in the quality of these waters] except toward natural conditions.” (Water Code,
Art.3and § 3.10.3 A.2.). The importance of these waters to the public is underscored by their national
designation: the non-tidal main stem within and downstream of potential HVHF activity includes
147 river miles designated by Congress as parts of the National Wild and Scenic Rivers System, in-
cluding 113 river miles that have also been designated as units of the National Park System.
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In much of the Basin underlain by hydrocarbon-bearing shales, water users are dependent upon
ground water for drinking water and other uses. To protect the quality of the groundwater, since
early in its existence the Commission has prohibited the introduction of harmful or toxic concentra-
tions of substances into groundwater. See, Water Code § 3.40.5 B.1.

When the potential for developing natural gas from tight shale formations within the Basin using
HVHF and horizontal drilling techniques and the risks to water resources posed by such activities
became known to the Commission, Commission staff undertook a scientific, technical, regulatory and
policy analysis to determine the appropriate response in light of the Commission’s statutory mission
and Comprehensive Plan. An important milestone occurred on September 13,2017, when the DRBC
Commissioners by a Resolution for the Minutes directed the Executive Director to prepare and pub-
lish for public comment a revised set of draft regulations, to include, among other things, “prohibi-
tions relating to the production of natural gas utilizing horizontal drilling and hydraulic fracturing
within the basin.” In accordance with the Commissioners’ September 13, 2017 directive, the Com-
mission proposed amendments to its regulations and Comprehensive Plan which included a prohibi-
tion on HVHF within the Basin. See, 83 Fed. Reg. 1586 (Jan. 12, 2018).

Extensive opportunity for public input on this proposed rule was provided during the public com-
ment period that took place from November 30, 2017 to March 30, 2018. In addition to accepting
written comments, the Commission accepted oral comment at six public hearings, one of which was
conducted through an operator-assisted toll-free teleconference to avoid the need for travel to a
hearing location. During the comment period, the Commission received a total of 8,903 comment
submissions (8,680 in writing and 223 at public hearings). In some cases, one comment “submission”
included numerous detailed comments. This response document was prepared and approved by the
Commission to address the comments received from the public.

Together with the other materials gathered during the development of its regulation, the Commission
reviewed the extensive public comments, including consultant reports, scientific literature and other
statements and materials submitted, and examined the experience of other jurisdictions with HVHF.1
Based upon its review, the Commission found and determined that in other jurisdictions, notwith-
standing the existence of regulations and industry best practices, HVHF and related activities have
adversely impacted surface and groundwater resources, including drinking water sources and
aquaticlife, in some regions where these activities have been performed. If commercially recoverable
natural gas were present in the Basin, HVHF would likely be employed at numerous well pad sites,
primarily in areas that are rural and dependent on groundwater resources, contain sensitive head-
waters, or drain to Special Protection Waters. The Basin’s geology is characterized by extensive

1 In keeping with a theme common to many of the comments regardless of perspective—the need for decision
making based on scientific data and evidence—the Commission relied upon technical studies and assessments
by government agencies, among them: the U.S. Environmental Protection Agency, the National Energy Tech-
nology Laboratory, the U.S. Geological Survey, the Pennsylvania Department of Environmental Protection, the
New York State Department of Environmental Conservation, and the New York State Department of Health. As
discussed extensively in this Comment and Response Document, the Commission also reviewed the large body
of evolving scientific literature.
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geologic faults and fractures that provide more potential pathways for migration of fluids and gases
than exist in many regions outside the Basin.

The Commission further found and determined that if such activities proceeded in the Basin, HVHF-
related spills and releases of harmful chemicals and hydraulic fracturing wastewater would likely
occur and would pollute surface and groundwater sources and impair their use for drinking water,
support for aquatic life and other purposes in the drainage area of Special Protection Waters and
across much of the Basin. In addition, well integrity would be compromised, resulting in subsurface
fluid and gas migration. The Commission determined that controlling future pollution by prohibiting
HVHF in the Basin is required to protect the public health and preserve the waters of the Basin for
uses in accordance with the Comprehensive Plan.

This Comment and Response Document responds to comments regarding the risks to water re-
sources posed by HVHF, and the potential and observed adverse impacts of HVHF and related activ-
ities on water resources. In addition, this document addresses comments concerning: the Commis-
sion’s authority; the intersection of Commission, state and federal rules; the proposed rule text; basis
and background documents; economic impacts; the relationship of HVHF and related activities to
DRBC’s Comprehensive Plan, rules and policies; public health; chemical disclosures; climate change;
renewable energy; policies and reports from the Susquehanna River Basin; the public input process;
compliance and enforcement; constitutional challenges and other matters.

Upon adopting its final rules concerning HVHF, the Commission is simultaneously withdrawing pro-
posed Sections 440.4 - Exportation of water for hydraulic fracturing of oil and natural gas wells and
440.5 - Produced Water (and importation of wastewater). The final rules have been revised to elim-
inate any references to these sections. Public comments specific to sections 440.4 and 440.5 are not
addressed in this document. The topics of water exportation and wastewater importation will be
addressed as appropriate through one or more separate Commission actions.

E.2 Setting

In reaching its determination to prohibit HVHF within the Basin, the Commission considered the Ba-
sin’s unique geographic, geologic, hydrologic, and regulatory setting.

The portions of the Basin underlain by the Marcellus and Utica Shale formations are largely located
in sensitive headwaters regions of the Basin that are predominantly rural and 85 percent forested,
and thereby provide ideal protection for water resources. These areas drain to waters designated
and protected by the DRBC as “Special Protection Waters” due to their exceptionally high scenic, rec-
reational, ecological, and/or water supply values, and their inclusion by the United States Congress
in the National Wild and Scenic Rivers System.2

2 Section 10 of the Wild and Scenic Rivers Act requires federal agencies to administer designated rivers in a
manner that protects and enhances the free-flowing condition, water quality, and “Outstandingly Remarkable
Values” for which the river was designated. (See Public Law 90-542, Sec. 10.(a), 28 U.S.C. § 1281(a)). Although
DRBC is a federal-interstate compact agency, not a federal agency, DRBC’s members unanimously agreed to
protect the water resource values of this important federally-designated area.
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This area also encompasses a portion of northeast Pennsylvania in which 83 percent of river miles
and related watershed areas have been designated by the Pennsylvania Department of Environmen-
tal Protection as either Exceptional Value (EV) or High Quality (HQ) waters requiring special protec-
tion.

The surface and groundwaters that the regulation protects from HVHF impacts provide drinking wa-
ter to over 13 million people and contain a reservoir system that serves as one of the primary drink-
ing water resources for over 8 million people in the City of New York. The City’s three Delaware River
Basin reservoirs constitute its largest source of uniquely unfiltered drinking water and are the sub-
ject of EPA’s Filtration Avoidance Determinations.

Geologically, the area of the Basin underlain by the Marcellus and Utica Shales is characterized by
glacial and peri-glacial surficial geology, including moraines, kames, and stratified drifts, that are par-
ticularly sensitive to surface disturbances, and are geologically distinct from shale-gas production
areas outside of the Basin. The Marcellus and Utica formations generally reach their greatest depths
approaching or within the Basin, and then dip steeply upward until they crop out at the Earth’s sur-
face in a belt extending through the Basin, creating greater potential for the sub-surface migration of
fluids (including gases) into shallow aquifers and ground water than exists in shale-gas settings in
central and western Pennsylvania and elsewhere.

The Basin is prone to droughts, water shortages, and salinity intrusion, and the flow of the main stem
Delaware River is carefully managed to address these shifting conditions. Climate changes heighten
the unique drought and flow management challenges for this Basin.

The statutory framework in the Delaware River Basin Compact (“Compact”) provides an institutional
mechanism for the four Basin states and the United States to jointly exercise their authorities to man-
age the Basin’s water resources.

E.3 The Rulemaking Framework: The Delaware River Basin and
the Comprehensive Plan

In 1961, the United States, the states of Delaware, New Jersey, and New York, and the Commonwealth
of Pennsylvania enacted concurrent legislation—the Compact—creating the DRBC to manage the wa-
ter resources of the Basin.3 The Compact recognized “the water and related resources of the Basin
as regional assets” and established the Commission as an agency through which these vital shared
resources could be jointly managed. (Compact, Part 1, Recitals). Water resources include surface wa-
ter, groundwater and “related natural resources,” as well as “related uses of land.” (Compact, § 1.2(i)).

The Compact directs the Commission to adopt a Comprehensive Plan “for the immediate and long
range development and uses of the water resources of the basin” to which federal, state and local

3 The federal law enacting the Compact, Public Law 87-328, is set forth in 75 Stat. 688. The laws of the Basin
states enacting the Compact are 53 Delaware Laws, Chapter 71; New Jersey Laws of 1961, Chapter 13, New
York Laws of 1961, Chapter 148; Pennsylvania Acts of 1961, Act No. 268. http://www.nj.gov/drbc/about/reg-

ulations/
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agencies and private parties are bound. (Compact §§ 3.2 and 13.1).# The Compact provides the Com-
mission with a range of tools for developing and implementing its Comprehensive Plan, including
among others, the power to adopt and implement regulations. See, Compact, §§ 14.2, 3.6(b), 3.6(h).
Article 5 of the Compact grants the Commission authority to, among other things, “adopt and from
time to time amend and repeal rules, regulations and standards to control such future pollution and
abate existing pollution . .. as may be required to protect the public health or to preserve the waters
of the basin for uses in accordance with the comprehensive plan.” (§ 5.2).

As this Comment and Response Document shows, HVHF and related activities conflict with elements
of the Comprehensive Plan that were adopted to control pollution and protect the Basin’s water re-
sources to meet present and future needs.

E.4 Summary of Significant Comments and Responses

The comments the Commission received were wide-ranging and were organized by rule section
where appropriate, and then by topic. The topics are listed in the Table of Contents on pages i-ii.
Comments and responses concerning the risks to water resources posed by HVHF are addressed in-
itially, followed in a separate section by comments and responses addressing impacts. Although this
organization results in some repetition, it allowed the Commission to fully address the potential risks
(in Section 2.3.2) resulting from water withdrawals and consumptive use, surface spills during the
multiple phases of HVHF and related activities, subsurface migration of contaminants as a result of
defective or degraded casing and cementing, problems associated with the handling, treatment and
disposal of HVHF wastewater, and widespread landscape changes; and then to focus on the types of
impacts (in Section 2.3.3) investigators have observed in drinking water resources, surface waters
and aquatic life, groundwater, wetlands and floodplains in connection with HVHF. To reduce the
need for repetition, cross-references among the sections are used.

To efficiently capture multiple similar comments, the Commission staff screened and grouped com-
ments with similar themes and from these, developed one or more “statements of concern” within
each topic, comprised of paraphrased versions and quotations from one or more comments. Detailed
responses, supported by scientific research and data are provided, along with supporting references.

4 The Comprehensive Plan contains projects, policies and regulations relating to both water quality and water
quantity. Of particular relevance here are provisions establishing water quality standards for surface water,
Special Protection Waters for reaches with “exceptionally high scenic, recreational, ecological, and/or water
supply values,” and measures to protect groundwater resources. See, e.g., Water Code, § 3.10.3 A.2. (adopted
by Resolution No. 64-11), and Water Code, § 2.20.5. During the 1970s, by Resolutions Nos. 72-14 and 78-8 the
Commission defined groundwater as “all water beneath the surface of the ground” (Water Code, § 3.40.2) and
identified the uses of these water resources to be protected as “domestic, agricultural, industrial, and public
water supplies ... [and] a source of surface water suitable for recreation, wildlife, fish and other aquatic life.”
(Id. § 3.40.3 A)). The groundwater quality objectives the Commission adopted to support these uses are set
forth in Section 1.9 of this Comment and Response Document. The Commission’s regulations and Comprehen-
sive Plan also address water quantity. (See DRBC Water Code, § 2.5).
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Where scientific studies and reports on similar topics sometimes reached different conclusions, the
Commission considered the technical strengths and limitations of the studies it reviewed. Because
financial relationships between investigators/authors and funding organizations can influence re-
search outcomes in a variety of ways, the Commission also considered these factors. The Commission
based its conclusions on: the collective weight of the available scientific studies, research and evi-
dence; the assessments and studies completed to date by federal and state agencies; the Basin’s
unique geologic, hydrologic and regulatory setting; and the requirements of the Compact and the
Comprehensive Plan.

E.4.1 Significant Risks to Water Resources

The Comment and Response Document contains the Commission’s responses to comments regarding
the significant risks of HVHF on water resources.

SpiLLs: Scientific evidence has shown that spills during HVHF activities present significant risks to
surface waters and groundwater resources. EPA has identified spills as among the incidents most
likely to result in contamination of drinking water resources (U.S. EPA, 20164, p. ES-37).

Substantial quantities of chemicals, additives and agents (such as biocides, corrosion inhibitors, fric-
tion reducers, scale inhibitors, and degreasers) are typically used in the water-based fracturing fluid
injected into an unconventional oil or gas well during HVHF (Id, Table 5-1). Among the chemicals
typically used, many are known carcinogens, and the toxicity of many others is unknown. (Id., p. 9-
22). In addition to these potential pollutants, the fluid returned from an oil or natural gas well after
HVHF (typically called produced water) is mixed with water from the target formation, containing:
salts, including chloride, bromide, sulfate, sodium, magnesium, and calcium; metals, including bar-
ium, manganese, iron, and strontium; naturally-occurring organic compounds, including benzene,
toluene, ethylbenzene, and xylenes (BTEX), oil and grease; and radioactive materials, including ra-
dium (Id., Table 9-4). Thus, spills of chemicals, fracturing fluids or produced water present significant
risk.

Spills may occur during every phase of the hydraulic fracturing process—on or near the well pad
during drilling and completion of a natural gas well; during the mixing, injection, recovery and stor-
age of fracturing fluids and formation water (the most often cited source of HVHF spills); and during
the production stages of shale gas development. The potential distribution of HVHF operations across
the landscape in the Basin, coupled with the need to transport raw materials and wastes to and from
remote pad sites, often on temporary and unpaved roads which may be unsuitable for heavy indus-
trial traffic, raise the potential for spills to reach and contaminate sensitive environmental receptors,
including wetlands, ponds and lakes, and streams. Spills and releases of chemicals, hydraulic frac-
turing production fluids, and wastewaters represent a greater and unique risk to water resources
when compared with chemical and wastewater spills of many other industries and activities. The
combination of the characteristics of the materials and technologies involved, the diffuse nature of
well pad siting, the mobility and dispersal of materials, personnel, vehicles and equipment trans-
ferred to and from these sites, and the proximity of drilling locations to sensitive environmental
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features, including the drainage area of the non-tidal river and the headwaters of Special Protection
Waters, is unlike any other industry.5

The past decade of experience with HVHF in Pennsylvania and other regions has shown that regula-
tion is not capable of preventing releases due to spills and subsurface migration of harmful HVHF
pollutants.

FLUID MIGRATION: The weight of the evidence shows that HVHF and related activities can and have
resulted in the migration of HVHF fluids (including gases) through artificial and/or natural pathways,
with adverse impacts on water resources.

In northeastern Pennsylvania, where geologic conditions, including extensive faults and fractures,
are different from and more complex than tectonically tranquil shale gas settings, the probability of
fluid migration may be substantially higher, especially in cases in which well integrity is compro-
mised.

Despite advances in industry standards, recommended practices and techniques, and state regula-
tions, problems with gas well integrity persist. Inadequate well integrity resulting from casing or
other equipment failure, inadequate or deteriorating cement in the annular spaces of the wellbore,
or both, is usually the cause of documented migration of fluids (including gases) from HVHF activity.

Technical problems during the complex process of cementing gas wells have plagued the industry for
decades, have not been resolved through regulations or industry standards, and may result in fluid
migration throughout the life cycle of the natural gas well.

WASTEWATER TREATMENT AND DISPOSAL: Hydraulic fracturing wastewater (defined in Appendix-2) may
contain a complex blend of constituents, including among others, those listed in the discussion of
spills above. As of 2013, nearly 1.6 billion gallons of wastewater had been generated in the process
of extracting natural gas from shale in Pennsylvania (Rahm et al,, 2013). In 2014, 87 percent of this
wastewater was recycled and reused in the hydraulic fracturing process, about 10 percent was dis-
posed at regulated underground injection wells, and 2.3 percent was treated at wastewater treat-
ment facilities and discharged to surface waters (Veil, 2015; Yoxtheimer, 2014). The volume of HVHF
produced water (defined in Appendix-2) is expected to increase over time in Pennsylvania.

Despite the availability of advanced technologies for treating oil and gas wastewater before dis-
charge, these technologies are not widely utilized in Pennsylvania wastewater treatment plants that
discharge to surface waters, and elevated concentrations of wastewater components have been

5 Certain commenters asserted that the Commission’s implementation of its rulemaking authority here raises
Constitutional concerns. Particularly in light of the unique features of the Basin described in Section E.2 and
the characteristics of this industry, addressing HVHF activities differently from activities posing less risk to
water resources is a proper exercise of DRBC’s authority. Likewise, in light of the risks posed by HVHF, and
considering other economically viable uses for properties containing natural gas, the prohibition does not re-
sult in a compensable “taking” of property. These and other legal issues are discussed in Section 2.1.1 and
2.6.10 of this Comment and Response Document.
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detected downstream of centralized wastewater treatment facilities treating HVHF wastewater (U.S.
EPA, 2018b).

If the risks posed by, and impacts from, HVHF wastewater treatment and disposal alone or in combi-
nation with the risks and adverse effects of consumptive water use and landscape changesé were the
only water resource concerns, it might be possible to manage them effectively through regulation
without prohibiting HVHF activities. However, they enlarge the totality of the risks to water re-
sources from spills and subsurface gas and fluid migration that would accompany HVHF and related
activities within the Basin. In light of the totality of risks, vulnerabilities, and anticipated impacts,
controlling future pollution from these activities by prohibiting HVHF in the Basin is required to ef-
fectuate the Comprehensive Plan, avoid injury to the waters of the Basin as contemplated by the Com-
prehensive Plan and protect the public health and preserve the waters of the Basin for uses in ac-
cordance with the Comprehensive Plan.

E.4.2 Significant Impacts to Water Resources

The risks posed by HVHF activities have resulted in adverse impacts to water resources in areas in
which HVHF has occurred. Because of the conditions in the Basin discussed in the “Settings” and
other sections above, the impacts within the Basin would likely be more severe than in other loca-
tions at which HVHF has occurred. The potential water resource impacts discussed in this Comment
and Response Document are as follows:

DRINKING WATER RESOURCES: Groundwater and surface water sources used for public and private drink-
ing water supplies are vulnerable to the risks posed by HVHF and related activities, including releases
of chemicals and highly contaminated fluids from spills and accidents; migration of fluids including
gases; inadequate wastewater treatment; improper wastewater storage or disposal; short- and long-
term landscape changes; wastewater reuse on roadways; excessive aquifer drawdown and reduced
yield; localized stream depletion; and removal of significant quantities of water through consumptive
use, especially during periods of low precipitation or drought.

The weight of the evidence shows that HVHF activities have adversely impacted private water supply
wells, and proximity to gas wells is an important factor in the likelihood of such impacts. Well-docu-
mented cases of private well impacts are discussed in Section 2.3.3.1 of this Comment and Response
Document. As discussed in that Section, since 2008, the Pennsylvania Department of Environmental
Protection (PADEP) has identified 356 cases (through September 22, 2020) that resulted in PADEP’s
issuance of a Water Supply Determination Letter stating that a water supply (in some instances af-
fecting multiple users) was impacted by conventional or unconventional oil and gas activities.

New York State has recognized that impacts from HVHF activities, if allowed in the New York City
reservoir watershed in the Basin, would pose unacceptable risks to drinking water (NYSDEC, 2015a).
In addition, New York State has determined that HVHF should not proceed within that state until

6 The contributions of consumptive water use and landscape changes to the totality of risks posed by HVHF and
related activities are discussed in Sections 2.3.2.1 and 2.3.2.5 of this Comment and Response Document.
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science provides sufficient information to determine the level of risk to public health and whether
the risks can be adequately managed (NYSDOH, 2014).

The Commission agrees with the conclusions of the 2016 EPA assessment report that hydraulic frac-
turing can impact drinking water resources and that the resource vulnerabilities related to hydraulic
fracturing identified in the report can vary in frequency and severity depending upon multiple factors
that are both within and beyond human control. EPA recognized that scientific information pre-
sented in its report can help inform decisions by federal, state, tribal and local officials, industry and
communities. (U.S. EPA, 2016a, pp. ES-3, ES-4). The Commission has determined that HVHF has and
will continue to impact public and private drinking water resources outside the Basin and that con-
trolling future pollution by prohibiting HVHF in the Basin is required to protect drinking water
sources within the Basin as contemplated by the Comprehensive Plan.

AQUATIC LIFE: Risks to water resources from HVHF and related activities occur at each stage of the
hydraulic fracturing water cycle, including water acquisition, chemical mixing, well injection, pro-
duced water handling and wastewater disposal and reuse (EPA, 20164, p. ES 9). Many of these activ-
ities are also risks to aquatic life. Results of numerous laboratory and scientific field research studies
discussed in Section 2.3.3.2 of this Comment and Response Document provide strong evidence that
HVHF activities have resulted in substantial and persistent impacts to surface waters and aquatic life,
including threatened and endangered species. Section 2.3.3.2 also identifies numerous spill incidents
that occurred during various stages of the HVHF water cycle that have impacted surface water, wet-
lands, and/or aquatic life including fish and amphibians. Evidence of endocrine disruption in surface
water samples associated with HVHF activity observed in Pennsylvania, Colorado, West Virginia, and
North Dakota is also discussed in Section 2.3.3.2.7 In addition, aquatic trophic structure and mercury
biomagnification dynamics were shown to be affected by the presence or absence of unconventional
well development in the watersheds of twenty-seven remotely located streams in the Pennsylvania
Marecellus Shale region (Grant et al, 2016). EPA has documented spills of HVHF flowback, produced
water, and chemicals in Texas and Pennsylvania that impacted wetlands (U.S. EPA, 2015e, App. B).8

Despite existing regulations, HVHF and related activities have and will continue to impact aquatic life
at locations outside the Basin. Controlling future pollution by prohibiting HVHF in the Basin is re-
quired to protect aquatic life in the waters of the Basin.

7 With respect to surface waters, results of SRBC’s 2016 and 2019 monitoring reports have been largely misre-
ported as demonstrating no impact on surface water quality as a result of hydraulic fracturing. SRBC itself and
other authoritative sources, including the 2016 Northeast-Midwest Institute and U.S. Geological Survey report,
likewise emphasized that the SRBC monitoring results are inconclusive. (Hintz and Markowitz, 2016, p. 14;
Berry et al., 2019; Betanzo et al, 2016). In addition, the SRBC data do not comprehensively or definitively
address the question of long-term impacts to water resources. Details of known impacts to water resources in
the Susquehanna River Basin from high volume hydraulic fracturing activities, including impacts to private
drinking water wells, are provided in Section 2.3.3 of this document.

8 Effluent from centralized waste treatment facilities treating HVHF wastewater has resulted in persistent sed-
iment contamination many miles downstream and impacted surface water quality and aquatic life, although
new regulations and recent actions by the PADEP have greatly curtailed the discharge of effluent from CWT
facilities treating HVHF wastewater in Pennsylvania. (See Appendix-4).
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LANDSCAPE CHANGES AND WATER USE: HVHF activities cause changes to the landscape such as destruc-
tion of forested cover. (Slonecker et al, 2012, p. 23; NYDEC, 20153, p. 6-76). In the Basin, these
changes would occur primarily within the drainage area of DRBC Special Protection Waters. Forest
complexes provide substantial water resource benefits. In addition, consumptive use of water for
hydraulic fracturing is permanently removed from the hydrologic cycle, presenting risks of stream
depletion and diminution of groundwater supplies especially during periods of drought and low flow.
Although the severity of likely impacts from landscape changes and water use is relatively low when
compared with other likely impacts from other risks described in this document, landscape changes
and water use contribute to the totality of the water resource impacts that accompany HVHF and
related activities to the water resources of the Basin.

E.4.3 Other Comments

COORDINATION WITH STATE AND FEDERAL REGULATIONS: Several commenters questioned the need for sep-
arate regulation of HVHF by the DRBC, arguing that state and federal regulations as well as industry
best management practices adequately protect against potential adverse impacts to water resources.
Based on an extensive scientific and technical analysis, the Commission concluded that these regula-
tions would not be adequate to protect the water resources of the Basin from the risks of HVHF ac-
tivities in light of the Basin’s setting described above and other circumstances detailed in this Com-
ment and Response Document.

Economic IMPACT: The Commission requested and received several comments regarding the potential
for statewide and regional economic impacts that could result if HVHF were to be prohibited within
the Basin. Natural gas extraction using HVHF can present opportunities for economic gains.

The American Petroleum Institute (“API”) submitted a detailed statewide and regional economic
analysis prepared by a consultant. The Commission has carefully reviewed the report and has con-
sidered its findings, as well as those of peer-reviewed studies on the economic impacts of hydraulic
fracturing. The Commission’s review of the API report found many of its assumptions to be flawed
and that the net economic benefits of hydraulic fracturing in the Basin would likely be substantially
less than those the API's consultant projected.

Many commenters also suggested that HVHF would permanently harm the unique character of the
Basin and result in adverse impacts to existing economic drivers in the region such as agriculture,
recreation and eco-tourism, diminishing the quality of life that basin residents currently enjoy. The
Commission found that supporting studies that outlined annual economic natural resource value es-
timates for large areas of the Basin or for large industries in the Basin (such as tourism, boating,
summer camps, fishing, hunting, wildlife viewing, swimming, and skiing) had flawed assumptions or
implications as well.

The review and consideration of the comments received, and related economic studies were used by
the Commissioners to help inform their decision-making regarding the proposed rules.

OTHER: Several other topics related to the proposed rules are addressed in this Comment and Re-
sponse Document. Those topics included: public health, chemical disclosure, climate change, renew-
able energy, Susquehanna River Basin policies, the public input process, the need for compliance and
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enforcement, the need to protect other recreational, agricultural, commercial and industrial uses, and
legal issues. To the extent they are relevant to the current rulemaking, the Commission considered
these comments and provided responses in Section 2.6.

The Commission received additional comments concerning air emissions, natural gas pipelines,
earthquakes, non-aquatic wildlife, natural gas storage, underground injection wells, brine road ap-
plications and miscellaneous topics that were not subjects of this rulemaking. These comments are
acknowledged in Section 2.7 but do not provide a basis for the current rule.

E.5 Findings and Determinations in Support of Final Rule

Pursuant to the authority conferred on the Delaware River Basin Commission by its organic statute,
the Delaware River Basin Compact, the Commission by Resolution No. 2021-01 (see full text in Ap-
pendix-1), made the findings and determinations set forth below:

1. As the scientific and technical literature and the reports, studies, findings and conclusions of
other government agencies reviewed by the Commission have documented, and as the more
than a decade of experience with high volume hydraulic fracturing in regions outside the Dela-
ware River Basin have evidenced, despite the dissemination of industry best practices and gov-
ernment regulation, high volume hydraulic fracturing and related activities have adversely im-
pacted surface water and groundwater resources, including sources of drinking water, and have
harmed aquatic life in some regions where these activities have been performed.

2. The region of the Delaware River Basin underlain by shale formations is comprised largely of
rural areas dependent upon groundwater resources; sensitive headwater areas considered to
have high water resource values; and areas draining to DRBC Special Protection Waters.

3. The geology of the region in which shale formations potentially containing natural gas are lo-
cated in the Basin is characterized by extensive geologic faults and fractures providing prefer-
ential pathways for migration of fluids (including gases).

4. If commercially recoverable natural gas is present in the Delaware River Basin and if high vol-
ume hydraulic fracturing (“HVHF”) were to proceed in the Basin, then:

a. Spills and releases of hydraulic fracturing chemicals, fluids and wastewater would ad-
versely impact surface water and groundwater, and losses of well integrity would result in
subsurface fluid (including gas) migration, impairing drinking water resources and other
uses established in the Comprehensive Plan.

b. The fluids released or migrating would contain pollutants, including salts, metals, radioac-
tive materials, organic compounds, endocrine-disrupting and toxic chemicals, and chemi-
cals for which toxicity has not been determined, impairing the water uses protected by the
Comprehensive Plan.
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HVHF activities and their impacts would be dispersed over and adversely affect thousands
of acres of sensitive water resource features, including, among others, forested groundwa-
ter infiltration areas, other groundwater recharge locations, and drainage areas to Special
Protection Waters, where few existing roads are designed to safely carry the heavy indus-
trial traffic required to support HVHF, prevent dangerous spills or provide access to reme-
diate spills that occur.

5. For the foregoing reasons and other grounds described in the administrative record for this
rulemaking:

a.

High-volume hydraulic fracturing and related activities pose significant, immediate and
long-term risks to the development, conservation, utilization, management, and preserva-
tion of the water resources of the Delaware River Basin and to Special Protection Waters of
the Basin, considered by the Commission to have exceptionally high scenic, recreational,
ecological, and/or water supply values.

Controlling future pollution by prohibiting high volume hydraulic fracturing in the Basin is
required to effectuate the Commission’s Comprehensive Plan, avoid injury to the waters of
the Basin as contemplated by the Comprehensive Plan and protect the public health and
preserve the waters of the Basin for uses in accordance with the Comprehensive Plan.

E-12



1. INTRODUCTION

1.1 Background

About 40 percent of the geographic area of the Delaware River Basin (“Basin”) in portions of Penn-
sylvania and New York is underlain by the Marcellus and Utica Shales (see Figure 1). Although the
presence of commercially viable natural gas from these formations within the

f ! = oo I ! = ;
NEwYORK . \r\ Sm — _ | ewvomk e Schoharie
¢ " O T e
(*) SPW Drainage Chenonss == Creene ) (5) SPW Drainage Area f
County
National Park Service o o National Park Service

@ Upper Delaware Scenic
m and Recreational River

USGS Gas Assessment
Unit or Area

() Marcellus Shale

=) Upper Delaware Scenic
and Recreational River

USGS Gas Assessment
( Unit or Area

() Utica Shale

(@ South Newark Basin @ South Newark Basin

&, Warre ¥
W\, «Coynty *

\>~
Morris Y

Merris

County Yl A

25 Nz 3 County

Reading

e
/ Monmouth |
Caunty

\  County, A - resdiig AEY S, 5 / p :
R /" ormoutn ]
X = N 2 County | e
. x Prent o R <
& Lancaster 2’ 3 Q Lancaster

County County
\ & cheser \

1 { County 5 k

b
| salem
@ county N\

EN

Atlantic
County

Attantic
County

ounty 3 Cumberland
3 County

Delaware Delaware

Bay.

Sussex

Sounty |gyes Sounty | gyes

DELAWARE

Figure 1: Gas Assessment Units in the Delaware River Basin
Sources: Higley, 2019; Enomoto and Schenk, 2019; USGS, 1996

Basin is not known, in regions of Pennsylvania west of (but not immediately adjacent to) the Basin
divide, oil and natural gas are extracted from the Marcellus and Utica formations by means of direc-
tional drilling and hydraulic fracturing using large volumes of water and generating large volumes of
toxic wastewater in a process referred to as “high volume hydraulic fracturing” (“HVHF”). The South
Newark basin, which underlies portions of Pennsylvania and New Jersey, may also contain oil and
gas deposits capable of extraction using HVHF. All of the basin areas underlain by the Marcellus and



Utica Shales, with the exception of portions of Schuylkill County, Pennsylvania, drain to waters the
Delaware River Basin Commission (“DRBC” or “Commission”) has designated as “Special Protection
Waters,” due to their exceptionally high scenic, recreational, ecological, and/or water supply values.
The Commission’s water quality management policy objective for Special Protection Waters is “that
there be no measurable change [in the quality of these waters] except toward natural conditions.”

On September 13, 2017, the Commission by Resolution for the Minutes directed the Executive Direc-
tor to prepare and publish for public comment a revised set of draft regulations, to include: “(a) pro-
hibitions relating to the production of natural gas utilizing horizontal drilling and hydraulic fractur-
ing within the basin; (b) provisions for ensuring the safe and protective storage, treatment, disposal
and/or discharge of wastewater within the basin associated with horizontal drilling and hydraulic
fracturing for the production of natural gas where permitted; and (c) regulation of the inter-basin
transfer of water and wastewater for purposes of natural gas development where permitted.”

Through the adoption of a series of policies and regulations establishing and amending its Compre-
hensive Plan, the Commission over the past half-century has developed and implemented in-stream
water quality standards throughout the Basin, prohibited degradation of groundwater, and provided
special protection to the non-tidal portion of the Delaware River to preserve the exceptionally high
water quality and water supply values of this resource. As the agency through which the five signa-
tory parties to the Compact—the States of Delaware, New Jersey and New York; the Commonwealth
of Pennsylvania; and the Federal Government—collectively manage the Basin’s water resources on
a regional basis, the Commission has taken these steps to, among other things, ensure an adequate
supply of suitable quality water for domestic use, recreation, power generation, industrial activity
and aquatic life, and to accommodate large out-of-basin diversions by the City of New York and the
State of New Jersey that are authorized by the 1954 decree of the U.S. Supreme Court in New Jersey v.
New York, 347 U.S. 995.

In accordance with the Commissioners’ directive of September 13,2017, the Commission in Novem-
ber 2017 proposed amendments to its regulations and Comprehensive Plan in connection with the
hydraulic fracturing of shale and other hydrocarbon bearing formations to produce natural gas. To
effectuate the Comprehensive Plan for the immediate and long-term development and use of the wa-
ter resources of the Basin, the rules prohibit high volume hydraulic fracturing within the Basin. Pro-
posed rule amendments, a Notice of Proposed Rulemaking, and a link to the public comments re-
ceived can be found on the Commission’s web site at:

e https://www.nj.gov/drbc/meetings/proposed/notice hydraulic-fracturing.html

A summary of Commission actions with respect to hydraulic fracturing for oil and gas extraction prior
to the Commission’s September 13, 2017 directive is available at:

e https://www.nj.gov/drbc/programs/natural/archives.html and

e https://www.nj.gov/drbc/programs/natural
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1.2 Public Input Purpose and Process

Multiple opportunities for public input on this rulemaking were provided during a 120-day comment
period that ran from November 30, 2017 through March 30, 2018. Written comments were accepted
throughout the comment period through an on-line comment intake system. An exception process
was provided for those who lacked access to the on-line system or were otherwise unable to use it.
The Commission received just two (2) requests for exceptions and approved both (although only one
of the two requesters ultimately submitted comments outside the system).

Opportunities for oral comment included six public hearings, the dates, times, and locations of which
are listed below. The final public hearing in March of 2018 was conducted by means of an operator-
assisted, toll-free teleconference, allowing participants to comment orally without traveling to a
hearing location.

January 23, 2018, 1 p.m., Waymart, Wayne County, PA

January 23, 2018, 6 p.m., Waymart, Wayne County, PA

January 25, 2018, 1 p.m., Philadelphia, PA

January 25, 2018, 6 p.m., Philadelphia, PA

February 22,2018, 3 p.m., Schnecksville, PA

o 1o W N

March 6, 2018, 1:30 p.m., via toll-free teleconference.

In all, the Commission received 223 oral comments during its six public hearings. Every person who
wished to speak at each of the six hearings was afforded an opportunity to do so. Some individuals
spoke at more than one public hearing, and many of those who offered oral comment also submitted
comments in writing. Transcripts of the public hearings, and all of the written comments received
during the comment period are available for inspection on the DRBC web site at:

e https://www.nj.gov/drbc/meetings/proposed/notice hydraulic-fracturing.html
(Public Hearing Transcripts)

e http://dockets.drbc.commentinput.com/?id=PGChb (Written Comments)

In its Notice of Proposed Rulemaking, the Commission expressly invited the public to comment on
the effects the proposed rules might have within the Basin on: water availability, the control and
abatement of water pollution, economic development, the conservation and protection of drinking
water supplies, the conservation and protection of aquatic life, the conservation and protection of
water quality in Special Protection Waters, and the protection, maintenance and improvement of wa-
ter quantity and quality Basin-wide. Comment was expressly requested on whether the use of base
fluids other than water for hydraulic fracturing is practical within the Basin, and if so, how HVHF
using alternative fluids should be addressed in the rules. Commenters were also asked to identify
alternatives to the proposed rules that the Commission should consider and were asked to comment
on draft guidance published simultaneously with the rules for determining background concentra-
tions of certain pollutants. The Commission encouraged submission of any other comments concern-
ing the potential effects of the draft rules on the conservation, utilization, development, management
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and control of the water and related resources of the Delaware River Basin. The public was informed
that comments on matters not within the scope of the rules might not be considered.

The Commissioners, in consultation with the DRBC staff, carefully reviewed and considered all of the
public’s comments before voting to adopt and incorporate them into the Comprehensive Plan in ac-
cordance with the Delaware River Basin Compact.

1.3 Overview of Comment Submissions

During the comment period the Commission received a total of 8,903 comment submissions as fol-
lows:

e 8,679 written submissions through the Commission’s on-line intake system

e 223 oral submissions at six public hearings

e 1 setof written comments in hard copy, through the exception process.

In some instances, one comment “submission” included one specific comment. In other instances, one
“submission” included numerous detailed comments or a collection of comments by multiple indi-
viduals or entities. Commenters had the opportunity to include attachments and references with
their comments, and these at times included hundreds, or even thousands, of pages of information.
While most comments were submitted by organizations and individuals located in geographic areas
within or near the Delaware River Basin, as shown in Figure 2, comments were submitted from every
region of the United States as well.
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Figure 2: Location of comment submissions from the "Lower-48" United States

Several “types” of comments were received. About 76 percent of all submissions consisted of form
letters prepared by organizations but signed and in many instances personalized by individuals. Fig-
ure 3 shows the number of comment submissions received by the “type” of comment.



The Commission received 14 pe- .
O o . Government Resolutions, 26 |
titions containing a combined to-
tal of 42,049 signatures, calling
for a “complete ban” on hydraulic ST
fracturing within the Delaware Submissions,
River Basin. No attempt was e
made to purge duplicate signa-
tures or to analyze where the sig-
natories resided, although both
basin residents and non-resi- =

orm Letters,
dents were represented. The 6,747
Commission also received 26 mu-
nicipal government resolutions
during the comment period.

Public Hearing
Comments, 223

Notably, the Commission re-
ceived numerous comments be-  Figure 3: Comment Submissions by Type

fore the comment period opened,

and it continued to receive comments and resolutions (though much fewer) after the comment pe-
riod closed. In general, no significant “new issues” were raised after the close of the comment period.
Some individuals and organizations sent the Commission additional studies that were published after
the comment period closed. Since the science on the effects of HVHF on water resources and the
environment is evolving, the Commission has continued independently to review and consider pub-
lished research that it deems relevant to its proposed action.

1.4  Organization of Comments and Responses

This comment response document is generally organized by proposed rule section. In some cases,
comments span multiple rule sections, and in those cases, responses may be repeated, referenced to
another section or responded to in a general summary response. In almost all cases, comments sub-
mitted by various individuals and organizations were similar in theme to comments submitted by
others. As such, the Commission staff reviewed all comments and then screened and grouped com-
ments with similar themes into “statements of concern.” Each “statement of concern” is a consoli-
dated paraphrased version of one or more comments on a shared theme. The Commission has re-
sponded to each statement of concern. The process of screening, grouping, paraphrasing and organ-
izing comments for response is depicted in Figure 4.

The Commission received numerous comments on subjects outside the scope of the rules, and in
some cases, outside the scope of the Commission’s authority as defined by the Delaware River Basin
Compact. To provide the Commissioners with a complete and comprehensive view of the comments
received, the staff developed statements of concern for these comments. In some cases, responses to



these out-of-scope submissions are provided; however, in many cases the Commission’s response
simply notes that the comments are beyond the scope of the proposed action.

Rule
Sections

. *Organized from comments
> Topics submissions
Statements | *Consolidated and
> of Concern paraphased from the

comments submissions

*To
> | Responses statements of
concern

Figure 4: Organization of comment submissions and responses

eFrom the proposed rules

1.5 Withdrawal of Proposed New Sections 18 C.F.R. §§ 440.4
and 440.5

The Commission is withdrawing proposed Section 440.4 - Exportation of water for hydraulic fractur-
ing of oil and natural gas wells, and proposed new Section 440.5 - Produced Water (and importation
of wastewater). The final rules have been revised to eliminate both sections and any references to
them in other proposed new or amended sections. Public comments specific to sections 440.4 and
440.5 are not addressed in this document. The topics of water exportation and wastewater importa-
tion will be addressed through one or more separate Commission actions.

1.6 Water Resources of the Delaware River Basin

The Delaware River Basin occupies 13,600 square miles in a densely populated corridor of the north-
eastern U.S. (see Figure 5) and stretches approximately 330 miles from the river’s headwaters in New
York State to the Atlantic Ocean. The Basin encompasses parts of Pennsylvania (6,422 square miles
or 50.3 % of the Basin's total land area); New Jersey (2,969 square miles, 23.3%); New York (2,362
square miles, 18.5%); and Delaware (1,002 square miles, 7.9%). The area of Delaware Bay adds 782
square miles of water surface to the Basin.

The Delaware River, undammed from the confluence of its East and West Branches at Hancock, New
York to the mouth of Delaware Bay, is the longest “free-flowing” river in the eastern U.S. Its flow is
augmented by over 2,000 tributaries, of which many are rivers in their own right. The largest are the
Schuylkill and Lehigh Rivers in Pennsylvania. The northernmost tributaries to the Delaware River
originate in the forested western slopes of the Catskill Mountains, which reach elevations of up to



4,000 feet. The East and West Branches
meet at Hancock, New York, where the
main stem Delaware River begins. The
River descends about 800 feet on its jour-
ney from the headwaters to the Atlantic
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of one percent of the total continental U.S.
land area, its water resources provide
drinking water for over 13.3 million people
in four states—approximately 4 percent of
the total population of the United States.

On the basis of physical characteristics, the
Basin may be divided roughly into three
physiographic regions—the Upper, Central
and Lower regions.
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ies. The Delaware River emerges from the

confluence of the southwesterly-flowing East Branch and West Branch tributaries, at Hancock, New
York. New York City’s Department of Environmental Protection (NYCDEP) owns and operates two
large public water supply reservoirs on the East and West Branches, respectively—Pepacton and
Cannonsville. The drainage areas to these reservoirs and a third New York City Delaware Basin res-
ervoir, the Neversink, are highly managed by NYCDEP’s watershed protection program. From Han-
cock southeastward to Port Jervis, New York the Delaware River divides Pennsylvania and New York.
In this reach, the main stem receives flows from three important tributaries—the Lackawaxen, Mon-
gaup and Neversink rivers—each of which has been dammed to create a hydroelectric and/or public
water supply reservoir.

Delaware River Basin Commission
DELAWARE o NEW JERSEY
PEXNSYLVANIA « NEW YORK
UNITED STATES OF AMERICA

The Upper Region has two prominent water resource management features. First is the exportation
from the Pepacton, Cannonsville and Neversink reservoirs of up to 800 million gallons per day (mgd)
of basin water to New York City in accordance with a U.S. Supreme Court Decree issued in 1954 (the
“Decree”). The second is the exceptional quality of the surface waters of the region. In 1978, under
the Wild and Scenic Rivers Act, Congress designated 73.4 miles of the Delaware River in the Upper



Region as a unit of the National Park System and a component of the National Wild and Scenic Rivers
system. In 1992, DRBC designated most of the main stem in the Upper Region as “Outstanding Basin
Waters,” affording these waters the highest level of protection available under the Commission’s Spe-
cial Protection Waters program. Groundwater resources of the Upper Region are present primarily
in fractured rock aquifers. Unconsolidated valley-fill aquifers are also present in some areas. Most
residents of the Upper Region depend on these groundwater resources for drinking water supplies.

Turning southwestward at Port Jervis, the main stem Delaware River enters the Central Region,
where it becomes the dividing line between New Jersey and Pennsylvania. Under the Decree, the
Delaware River Master coordinates releases from New York City’s reservoirs in the Upper Region to
meet an instream flow objective measured at the U.S. Geological Survey’s Montague, New Jersey gage.
The Central Region extends through an upper section that comprises part of the Valley and Ridge
physiographic province, with its pattern of parallel ridges running northeast to southwest, and a
lower section—the Piedmont—characterized by low rolling hills and complex rock formations. The
Central Region is bounded on the southeast by the Fall Line, where the land drops abruptly by 250
to 350 feet to the Atlantic Coastal Plain. Important physiographic features of the Central Region in-
clude the Blue Mountain-Kittatinny Mountain Ridge, and the Great Valley, extending northeast-
southwest across the Basin. Like the Basin’s Upper Region, the Central Region lies in the "hard" rock
area, but only its northeast portion has been glaciated. About a third of the land area is forested, and
rich soils support agricultural activities in many areas. The Delaware River flows in a narrow valley
between the Shawangunk Mountains on the east and the Appalachian Plateau on the west. Near
Stroudsburg, Pennsylvania, the main stem cuts to the southeast through the Blue Mountain-Kit-
tatinny Mountain Ridge at the Delaware Water Gap. Significant tributaries such as the Bushkill and
Brodhead Creeks and the Flatbrook River join the Delaware just above the Water Gap.

The most prominent water resource management feature of the Central Region is the continued ex-
ceptional quality of the main stem Delaware River. In 1978, Congress created the 70,000-acre Dela-
ware Water Gap National Recreation Area, managed by the National Park Service. Thirty-five miles
of the main stem Delaware River in this region were designated by Congress as National Scenic River,
and an additional 5 miles as National Recreational River. In 1992, the Commission classified most of
the main stem Delaware River from Milford, Pennsylvania to the Delaware Water Gap as Outstanding
Basin Waters under the DRBC'’s Special Protection Waters program. Downstream of the Water Gap
significant tributaries, including the Lehigh, Paulins Kill, Beaver Brook, Pequest and Musconetcong
Rivers, enter the main stem. In 2000, approximately 67 miles of the main stem Delaware River from
just below the Water Gap to Washington Crossing, Pennsylvania, and portions of three tributaries to
this reach were added to the National Wild and Scenic Rivers System. Significant portions of the
Musconetcong River were added in 2006. In 2005, DRBC classified most of the main stem Delaware
River from the Water Gap to Trenton, New Jersey as “Significant Resource Waters” under the Com-
mission’s Special Protection Waters program. Within this reach of the main stem, the out-of-basin
diversion by New Jersey approved by the 1954 Decree begins at Bulls Island. The Decree allows the
state to export up to 100 mgd of water from the Basin through the Delaware and Raritan Canal for
use in northern and central New Jersey. At the bottom of the Central Region, the Fall Line forms an
irregular south-facing escarpment between the undulating plateau and the Coastal Plain, passing
through Trenton, New Jersey and Wilmington, Delaware. Groundwater resources of the Central Re-
gion are present primarily in fractured rock aquifers. Unconsolidated valley-fill aquifers are also pre-
sent in some areas.



At Trenton, New Jersey, the River enters the Lower Region, or tidally influenced portion of the Basin.
The Lower Region covers the area from the Fall Line to the capes (Cape Henlopen and Cape May),
where Delaware Bay meets the Atlantic Ocean. Physiographically, the Lower Region consists of the
emerged part of the Atlantic Coastal Plain, a gently sloping surface extending 125 to 175 miles south-
easterly from the Fall Line to the Continental Shelf. Geologically, the region is a "soft" rock area com-
posed of overlapping beds of unconsolidated or semi-consolidated clay, silt, sand and gravel. The
Delaware Bay is the Lower Region's most marked water feature. About one-third of the land area is
wooded, with about equal division between soft and hard woods. The soil supports a variety of im-
portant agricultural activities. Turning southwest from Trenton, the River’s course parallels the Fall
Line to Wilmington, receiving the flows of the Neshaminy, Schuylkill, Rancocas and Christina tribu-
taries along the way. Just below Wilmington the River turns seaward and flows to Liston Point, where
it enters Delaware Bay.

The Lower Region contains the most heavily populated areas of the Basin, including the cities of Tren-
ton, Philadelphia, Camden and Wilmington along the 1-95 corridor. The tidal Delaware River, or “es-
tuary,” in the uppermost portion of the Lower Region is marked by a legacy of industrial and munic-
ipal wastewater pollution. Where conserving high water quality is a management objective for the
non-tidal river (upstream from Trenton), the focus here is on pollution abatement and water quality
improvement. Although tidal, the Lower Region also contains the majority and largest of the Basin’s
surface water withdrawals for public water supply. During dry periods, freshwater flows into the
Lower Region are augmented by the DRBC with releases from storage reservoirs upstream to protect
these large surface water intakes from saltwater intrusion. DRBC staff monitor the U.S. Geological
Survey’s flow gage at Trenton to ensure target flows to the Delaware River Estuary are maintained.
In addition, two areas of groundwater withdrawal stress are located and managed in the Lower Re-
gion.

The main stem Delaware River in the Lower Region is modified by a navigational channel dredged to
a depth of 45’ as far inland as Philadelphia, allowing oceangoing vessels into the ports of Wilmington,
Camden and Philadelphia. The channel extends upstream from Philadelphia to Bordentown, New
Jersey at a depth of 40’, and from Bordentown to Trenton at 35’. The Chesapeake and Delaware Canal
connects the Delaware River below Wilmington, Delaware with Chesapeake Bay. The Canal is also
navigable by oceangoing vessels. Groundwater resources of the Lower Region are present primarily
in fractured rock aquifers and unconsolidated sand and gravel aquifer systems.

1.7 Geologic Setting

The Upper and Central physiographic regions of the Delaware River Basin (Basin) described in the
preceding section are underlain by a much larger geologic basin—a depression in the earth’s surface
filled with layers of sedimentary rock—known as the Appalachian basin. These rock layers, or
“strata,” include the oil and gas-bearing rock formations known as the Marcellus and Utica Shales
(see Figure 1 for the extent of these shale formations underlaying the Delaware River Basin), among
others. By one account, the Appalachian basin extends across twelve states, from the Adirondack
Mountains in New York to central Alabama (Colton, 1961, p.8). However, it is by no means uniform
across this expanse. In contrast with areas west of the Delaware River Basin (including much of the
upper Susquehanna River Basin), the upper portion of the Delaware River Basin in northeast Penn-
sylvania and portions of New York were subjected to recurrent mountain-building events (including
rifting, subduction, subsidence, folding and faulting) over billions of years, along with recurrent



glaciations, weathering, erosion, and deposition of sediments (Barnes and Sevon, 2014, pp. 8-10, 11-
14, 16-18; USGS, 2018, p. 13). These continent-shaping episodes impacted the Delaware River Basin
in these regions and has resulted in a landscape and a geologic setting that are distinct from areas of
Pennsylvania and New York outside of the Delaware River Basin.

The tight shale formations in the Appalachian basin, portions of which are currently being used for
oil and natural gas production, were once the floors of an inland sea or seas that formed during the
Ordovician and Devonian Peri-

ods of the Paleozoic Era, between

roughly 485-440 and 420-360 Marcellus
depositional basin

million years ago, respectively
(Barnes and Sevon, 2014, pp. 11-
18). These inland bodies of water
(see Figure 6), which were rela-
tively shallow, highly saline and
poorly circulated, served as the
repository for the organic matter
(such as algae, spores, plants,
pollen and others) and eroded
sediments that would eventually
coalesce to form tight, hydrocar-
bon-rich shales. See, Barnes and
Sevon, 2014, pp. 11-18; Flaherty
and Flaherty, 2014, pp. 3-4;
GWPC and ALL Consulting, 2009,
p. 14. 4

The accumulation of oil and gas  Figure 6: Conceptualization of inland sea during Paleozoic Era.
within sedimentary tight shale  S°uree ElA, 2017a,p. 7 (Figure 5)

formations is generated by the “thermal breakdown of the organic constituents in the rocks.” (USGS,
2018, p. 27). The burial of those organic-rich sediments by hundreds to thousands of feet of younger
sediments that accumulate over time produces great heat and pressure that gradually breaks down
the organic matter, a process known as thermal maturation. (Id.). The U.S. Energy Information Ad-

ministration (EIA) explains the process this way:

Heat causes the organic matter to change into the waxy material known as
kerogen, then into oil, and finally into natural gas as the temperature further
increases. Thermal maturity is the level of thermal alteration of rock that re-
flects the degree of organic matter transformation (e.g., conversion of sedi-
mentary organic matter to petroleum or ... natural gas).

(EIA, 2017a, p. 8).
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The degree of thermal maturity “is mostly defined by burial depth.” (EIA, 2017a, p. 8). The depth to
the Marcellus and Utica formations generally increases moving eastward through Pennsylvania, with
some of the deepest points approaching the Delaware River Basin (see Figure 7). The shales in this
region are buried beneath thousands to more than ten thousand feet of rock. Evidence suggests the
region was previously overlain by tens of thousands of feet of additional material that has since been
eroded. (Repetski et al, 2008, p. 12). As a result, the shale beds within the Basin may have been
subjected to greater pressure and heat over alonger period of time than much of the shale formations
to the west.

Pennsylvania )

Pennsylvania |

,h [ — x L e A
< Trentor T
Elevation of the Marcellus > Elevation of the Utica
formation top in feet B formation top in feet ; i
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—— DRB @/ —— DRB
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Marcellus formation DE® Utica formation DE

Figure 7: Marcellus and Utica Shale Formation Top Elevations.
Source: EIA, 2016a (Basin boundary added)

As shown in Figures 7 and 8, the eastern edge of the Marcellus and Utica Shale “plays” (a term used
for shale formations containing accumulations of natural gas) extends into and terminates within
the northwestern portion of the Delaware River Basin in Pennsylvania and New York (EIA, 20174, p.
1 (re Marcellus); EIA, 2017b, p. 6 (re Utica)). The U.S. Geological Survey (“USGS”) notes (and as shown
on Figure 7) thatimmediately east of the point of greatest depth of the Ordovician (Utica/Pt. Pleasant
formations) and Devonian (Marcellus) shales within the Appalachian Basin:

the rocks dip upward rapidly and some formations, including the Marcellus
Shale, crop out at the Earth’s surface near the Delaware River. The defor-
mation that generated this marked change in structural configuration pro-
duced an assemblage of Paleozoic sedimentary rocks that have been exten-
sively folded, faulted, and eroded over geologic time ... ..

(USGS, 2018, p. 13).
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Figure 8: Major structural and tectonic features in the re-

gion of the Marcellus Shale play
Base Map Source: EIA, 2017b, p. 13 (Figure 4).

This is significant because the origin
and evolution of the rocks near the Del-
aware River differ in many respects
from those of other areas in Pennsylva-
nia and New York. In addition, progress-
ing eastward from the regions of the
Marcellus and Utica plays where natural
gas has been extracted from tight shales
to date, the thermal maturity of the
shales increases to values in excess of
the range that is generally understood
to support dry natural gas (USGS, 2018,
p. 27). In theory, the extreme pressure
and heat in the bedrock throughout this
area may have “cooked out” the natural
gas (Skrapits, 2012).

In 2018 the USGS stated that it had:

constructed isograd maps
for the Ordovician and De-
vonian rocks of the Appala-
chian [b]asin based on
measured vitrinite reflec-
tance (Ro)? and observed
conodont color alteration
(CAI)®0 values for hundreds
of samples. These maps

show that all of the area of northeast Pennsylvania except for the northwest-
ern most part of Wayne County fall above the temperature of preservation of
dry gas. ... [HJowever, these observed thermal maturation levels are for in
situ oil and gas generation/preservation, and presence of hydrocarbons that
may have migrated laterally or vertically into these areas is not excluded from

9 The Schlumberger Oil Field Glossary describes vitrinite reflectance as “A measure of the thermal maturity of
organic matter. This analytical method was developed to rank the maturity of coals and is now used in other
rocks to determine whether they have generated hydrocarbons or could be effective source rocks.” (Schlum-

berger, undated).

10 Color Alteration Index (CAI) of conodont specimens is commonly used for identifying the maximum temper-
ature to which units of sedimentary rock, particularly carbonates, have been heated. Observable color varia-
tions in these fossils are thought to be a result of the thermally-induced structural evolution of organic carbo-
naceous matter (CM). Such temperature history information is extremely valuable for applications in hydro-
carbon exploration as well as for constraining other temperature-related geological processes in sedimentary

systems (McMillan and Golding, 2019).
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these observations.!! On the other hand, any lateral migration would have had
to have been from a considerable distance, as the entire northeast corner of
Pennsylvania reflects high thermal maturation levels.

(USGS, 2018, p. 27) (internal citations omitted; explanatory footnotes added).

In 2019 the USGS published a geology-based assessment of undiscovered natural gas resources in
the Marcellus formation within eight states, including New York and Pennsylvania. Among the six
assessment units (“AU’s”) the USGS defined, the estimates for natural gas recovery were lowest, by
far, in the Foldbelt Marcellus Shale Gas AU, the only assessment unit applicable to the Delaware River
Basin. (USGS, 2019). The EIA also has published maps that show increasing thermal maturity and
shallowing as the Marcellus outcrops to the east. Figure 9 depicts the entire portion of the Marcellus
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Figure 9: Marcellus Play beneath the Delaware River Basin.
Base Map Source: EIA, 2017a, p.9 (Figure 6); location of DRB boundary is approximate

11 Heat and pressure at depth can promote natural fracturing of hydrocarbon-bearing rocks, thus allowing nat-
ural gas to migrate from an unconventional formation and be trapped elsewhere (Protero and Schwab, 1996,
pp. 289-295).
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Shale play beneath the Delaware River Basin as “overmature.”!2 In Figure 10, the older and deeper
Utica and Point Pleasant formations underlying the Delaware River Basin are likewise depicted as
“overmature.”
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Figure 10: Utica Play beneath the Delaware River Basin
Source: EIA, 2017b, p.16 (Figure 6)

12 According to the EIA, “Thermal maturity values (based on vitrinite reflectance, Ro measurements of core
samples) in the Marcellus Shale generally increase in a southeastern direction, ranging from 0.5% R, to more
than 3.5% across the Appalachian basin.” (EIA, 20174, p. 8). EIA explains, “At thermal maturity values of greater
than 3.5% Ro, the hydrocarbon production potential from the Marcellus Shale may become problematic based
on the limited drilling results released to date.” Id. In the map captioned “Initial Yields (oil to gas ratios, barrels
per million cubic feet (bbls/MMcf)) of Marcellus wells as of December 2016” the EIA depicts the formation in
northeastern Pennsylvania and New York State as “overmature” based on %R, values in excess of 2.0 across
this region. Id,, p. 9 (Figure 6) (reprinted herein as Figure 9, with Delaware River Basin boundary overlay).
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1.8 Hydraulic Fracturing

The hydraulic fracturing process is accurately described in numerous industry, government and ac-
ademic resources available on the Internet.!3 The description below, re-printed (but with updated
annotation not in the original) from the Commission’s Notice of Proposed Rulemaking in November
2017, includes a description of some of the risks and impacts to water resources associated with
hydraulic fracturing.

FRomM DRBC’s NoTIcE oF PROPOSED RULEMAKING:

During hydraulic fracturing, hydraulic fracturing fluid consisting primarily of water and recy-
cled wastewater mixed with chemicals is injected through a well bore into the target rock for-
mation under pressures great enough to fracture the rock. The fracturing fluid typically in-
cludes proppants (usually sand), which hold open the newly created fractures, allowing the
gas to flow back through them and up the well to the surface. After a well is “stimulated”
through hydraulic fracturing, much of the injected fracturing fluid, together with brines that
were trapped within the target formation, is conveyed to the surface, where these fluids are
collected and managed. The returned fluids, known as “flowback” and “produced water,” con-
tain chemicals used in the fracturing mixture, as well as salts, metals, radionuclides, and hy-
drocarbons from the target rock formation. As discussed in greater detail below, in the Mar-
cellus region in Pennsylvania, the median quantity of water required to stimulate a natural gas
well currently averages around 17 million gallons for each fracturing event (API Exhibit 22).
[As discussed in Section 2.3.2.1 of this document, a typical unconventional oil and gas well in
Pennsylvania today “uses about 15-20 million gallons of hydraulic fracturing fluid to produce
natural gas.” (PADEP, 2018b)]. A single well may be fractured in multiple stages and/or mul-
tiple times (U.S. EPA, 20164, p. 5-7),1* and as many as twelve wells may be installed on a single
well pad (Manda et al, 2014). The volume of water and wastewater involved is thus signifi-
cant.

WATER ACQUISITION. The acquisition of water for use in HVHF may result in modifications to
groundwater levels, surface water levels, and stream flows. The Susquehanna River Basin
Commission (“SRBC”) has reported that for the period 2010 through 2018 the average volume
of water injected per fracturing event in natural gas wells within the Susquehanna Basin has
grown from 4.3 million gallons to 12 million gallons (SRBC, 2020). During the same period,
approximately 85 percent of injected water was “fresh” water from surface water and

13 See e.g., descriptions published by: the Marcellus Shale Coalition, at: https://marcelluscoalition.org/marcel-
lus-shale/production-processes/; the U.S. EPA, at: https://www.epa.gov/uog/process-unconventional-natu-
ral-gas-production; and Penn State University Libraries, at: https://guides.librar-
ies.psu.edu/friendly.php?s=marcellus.

14 Explaining that in a multi-stage hydraulic fracturing operation, specific parts of the well are isolated and
hydraulically fractured until the total desired length of the well has been hydraulically fractured. See also, 18
C.F.R. 806.3 (SRBC regulations for review and approval of projects, defining “hydrocarbon development pro-
ject” as including “all other activities and facilities associated with ... the production, maintenance, operation,
closure, plugging and restoration of [unconventional natural gas development] wells or drilling pad sites that
require water for purposes including but not limited to, re-stimulation and/or re-completion of such wells ....”
(emphasis added).
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groundwater sources, and the remaining 15 percent was recycled produced water or flowback
water (SRBC, 2020). According to EPA, the median volume of water used per well fracturing
eventin Pennsylvania between January 2011 and February 2013 was 4.18 million gallons. EPA
further reports that in at least 10 percent of cases, the water use in Pennsylvania during the
same period was over 6.6 million gallons per well (U.S. EPA, 20164, p. ES-13 (Table ES-1)).
EPA has reported that in the Marcellus formation in Pennsylvania, 82 to 90 percent of the base
fluid used for hydraulic fracturing is fresh water that is naturally occurring and that the re-
maining base fluids (10 to 18 percent) are reused and recycled produced water (U.S. EPA,
2016b, p. 43 (Table C-1)). Advances in horizontal drilling technology are leading to longer drill
paths and the need for more fracturing fluid volumes for each path. According to SRBC, when
the industry began lengthening its lateral well bores in 2013, the average amount of water
used per fracturing event increased to approximately 5.1 to 6.5 million gallons per fracturing
event (SRBC, 2016, p. 43). SRBC in 2020 reported that the average length of laterals has in-
creased from 2,200 feet to 7,000 feet (SRBC, 2020). The associated water use per foot of well
fractured also increased: early usage was in the range of 1,000 to 1,500 gallons per foot, in-
creasing to a range of 1,500 to 1,900 gallons per foot after 2014. According to SRBC, the indus-
try average for completion design in 2020 was about 2,200 gallons of water per linear foot
(SRBC, 2020).

CONSUMPTIVE USE. In contrast with most domestic and commercial water use, most water
used for HVHF is used “consumptively,” meaning it is not returned to the Basin’s usable ground
or surface waters. According to the EPA, water accounts for 90 to 97 percent of all hydraulic
fracturing fluids injected into a well for the purpose of extracting natural gas (U.S. EPA, 201643,
p. 3-21). EPA reports further that produced water, or water that flows from and through oil
and gas wells to the surface as a by-product of oil and gas production over a ten-year opera-
tions period, makes up only 10 to 30 percent of the fluid injected. Accordingly, EPA estimates
that 70 to 90 percent of the water used in high volume hydraulic fracturing is permanently
removed from the water cycle (U.S. EPA, 20164, p. ES-14 (Figure ES-4(a)). The SRBC’s esti-
mate is higher. SRBC (2016) reports that approximately 96 percent of water withdrawn by
the natural gas industry is consumptively used in the hydraulic fracturing process and that the
balance of the water is consumptively used for other activities at the drilling pads, such as well
drilling, preparation of drilling muds and grout, dust control, maintenance operations, and site
reclamation. In contrast, the DRBC estimates that 90 percent of water withdrawn for domestic
and commercial uses in the Delaware River Basin is returned to Basin waters, either by infil-
tration into aquifers or by discharge to surface waters after treatment at a wastewater treat-
ment facility. Refer to Shaffer and Runkle (2007) for comparison with climatically similar ar-
eas and the world.

CHEMICAL USE. Although chemical additives generally make up the smallest proportion of the
overall composition of hydraulic fracturing fluids, they pose a comparatively high risk to
ground and surface water quality relative to proppants and base fluids (U.S. EPA, 20164, pp.
ES-19-29; see also, id., Text Box ES-6). Additives, which can be a single chemical or a mixture
of chemicals, are combined with the base fluid to change its properties, including, for example,
to adjust pH, increase fluid thickness, reduce friction, or limit bacterial growth. The EPA has
identified 1,084 chemicals reported to have been added to hydraulic fracturing fluids between
2005 and 2013 (U.S. EPA, 20164, p. ES-20; U.S. EPA, 2016b, pp. 43-47 (Sec. 1.2)). The choice
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of which additives to use depends on the characteristics of the targeted rock formation and
operator preference, and in some cases chemical information is considered Confidential Busi-
ness Information and not disclosed by the manufacturer, distributor, or fracturing operator
U.S. EPA, 20164, p. 5-20 (Text Box 5-2)). According to EPA, spills producing the most frequent
or severe impacts to groundwater resources occur during the management of hydraulic frac-
turing fluids and chemicals (U.S. EPA, 20164, p. ES-3). In May 2015, an EPA study compiled
data on and characterized 457 hydraulic fracturing related spills that occurred between Janu-
ary 2006 and April 2012 in eleven states (U.S. EPA, 2015e, p. 1). The study attributed these to
equipment failure, human error, failure of container integrity, and other causes, including but
not limited to well communication,’5> weather, and vandalism (U.S. EPA, 20164, p. 5-42). Stor-
age, equipment, well or wellhead, hose or line, and “unknown” were among the identified
sources of identified spills (Id.). Spills can affect both surface and groundwater resources, both
locally and regionally, within the host state and in adjoining states. Pollution from spills and
from hydraulic fracturing has occurred in parts of Pennsylvania outside the Basin where high
volume hydraulic fracturing has been conducted. See,, e.g., Frazier, 2017a; PADEP, 2016b; U.S.
EPA, 2016a; USEPA, 2015e; Rahm and Riha, 2014; Brantley et al, 2014; PADEP, 2014c, PADEP
2016c, PADEP 2017c and PADEP 2017d; Williamsport Sun-Gazette, 2014; Considine et al,
2012.

WELL DRILLING AND CONSTRUCTION. Well drilling, well construction and well stimulation as-
sociated with HVHF also carry risks for groundwater and surface water resources. These risks
include turbidity or other disruptions in local ground water formations and local groundwater
wells, and contamination of aquifers by fluids pumped into or flowing from rock formations
penetrated by the drilling of the well, particularly in the event of a compromised well casing.
Typically, the developable shale formations are vertically separated from potential freshwater
aquifers by thousands of feet of sandstones and shales of moderate to low permeability. High
volume hydraulic fracturing is engineered to target the prospective hydrocarbon-producing
zone. Although the induced fractures create a pathway to the intended wellbore, they typically
do not create a discharge mechanism or pathway beyond the fractured zone where none ex-
isted before. However, because the well bore penetrates groundwater aquifers and can be a
pathway for fluid movement to existing drinking water and other groundwater resources, the
mechanical integrity of the well is an important factor that affects the frequency and severity
of potential water resource impacts from pollutants. A well with insufficient mechanical integ-
rity can increase the risk of impacts and allow unintended fluid movement, including into
drinking water aquifers. Such defects can arise from inadequate well design or construction
or can develop over the well’s lifetime, including during hydraulic fracturing. In particular,
casing and cement can degrade over the life of the well because of exposure to corrosive chem-
icals, formation stresses, and operational stresses (e.g., pressure and temperature changes
during hydraulic fracturing) (U.S. EPA, 20164, pp. ES-28-30). Gas migration can also poten-
tially occur as a result of poor well construction (i.e., casing and cement problems), or through

15 “Well communication” refers to the process by which hydraulic fracturing fluids or displaced subsurface flu-
ids move through newly created fractures into an offset well or its fracture network. See EPA, 20164, p. 6-58.
For further discussion, see EPA 2016a, section 6.3.2.3. Also see, definition of “interwellbore communication” at
Response (R-35) of this Comment and Response Document.
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existing abandoned wells or faults, which may be intersected inadvertently by a new oil or
natural gas well. The EPA examined in detail these types of pathways for hydraulic fracturing
fluids and liquids and/or gases in the subsurface to migrate into drinking water resources.
See, U.S. EPA, 20164, pp. ES-29-30, Figure ES-6, and pp. 6-3, 6-18, and 9-47.

WASTEWATER HANDLING AND DISPOSAL. “Produced water” (including “flowback” water) refers
to any water or fluid returned to the surface through the production well as a waste product
of hydraulic fracturing. This material may be stored in tanks or other containers on the pad
site before it is transferred for off-site treatment and/or disposal. The composition of pro-
duced water depends on the composition of the injected hydraulic fracturing fluid and the
composition of the target formation. In the Marcellus region, produced water is generated in
large quantities and often contains high concentrations of total dissolved solids (“TDS” or
“salts”) and constituents that may be harmful to human health and the environment. Produced
water from HVHF in the Marcellus has been found to contain:

e Salts, including chloride, bromide, sulfate, sodium, magnesium, and calcium;
e Metals, including barium, manganese, iron, and strontium;

e Naturally-occurring organic compounds, including benzene, toluene, ethylbenzene,
xylenes (BTEX), and oil and grease;

¢ Radioactive materials, including radium; and

e Hydraulic fracturing chemicals and their chemical transformation products.
(U.S.EPA, 2016b, pp. 59-81).16

The disposal of produced water poses a significant risk to the water resources of the Basin if
the wastewater is not properly managed. The concentration of TDS in produced water can be
high enough that if discharged untreated to surface water, the potential exists to adversely
affect designated uses of surface water, including drinking water, aquatic life support, live-
stock watering, irrigation, and industrial use, and to degrade water quality in Commission-
designated Special Protection Waters. See, WC § 3.10.2 (Uses to be protected basinwide) and
id. § 3.10.3 A.2. (“It is the policy of the Commission that there be no measurable change in
existing water quality except towards natural conditions in waters considered by the Commis-
sion to have exceptionally high scenic, recreational, ecological, and/or water supply values.”).
Because produced water contains high TDS and dissolved inorganic constituents that most
publicly owned treatment works and other municipal wastewater treatment facilities are not
designed to remove, these constituents can be discharged untreated from such facilities; can
disrupt treatment processes for other substances, for example by inhibiting biological treat-
ment; can accumulate in biosolids (sewage sludge), limiting their beneficial use; and can facil-
itate the formation of harmful disinfection byproducts (U.S. EPA, 2016d, pp. 41845, 41847c,
41855c). Where produced water has been discharged to domestic wastewater treatment fa-
cilities in the past, elevated concentrations of chloride and bromide have been documented in

16 Includes a comprehensive characterization of produced water that includes a significant number of data
points for the Marcellus formation.
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the receiving waters (Burgos et al, 2017). The discharge of bromide upstream of drinking
water intakes has led to the formation of carcinogenic disinfection by-products at drinking
water utilities (Parker et al, 2014).

The EPA since 1979 has required zero discharge of pollutants to waters of the United States
from onshore oil and gas extraction wastewater. In 2016 EPA finalized a rule establishing pre-
treatment standards for discharges of wastewater from onshore unconventional oil and gas
extraction facilities to municipal sewage treatment plant not fracturing fluid injected into a
gas well s (also known as “publicly owned treatment works” or “POTWSs”) (U.S. EPA, 2016d).
The EPA rule will protect POTWs from disruptions in their operations that can be caused by
these wastewaters. However, the rule does not extend to commercially owned treatment
works that primarily treat domestic and commercial wastewater, and it does not address the
discharge to POTWs of produced water that has been partially treated at centralized waste
treatment facilities. Thus, significant risks associated with the treatment and discharge of pro-
duced water remain outside the scope of current federal regulations.

SITING AND LANDSCAPES. Certain water resources in the Basin have high water resource value
because of their excellent water quality or their exceptional ability to perform water supply,
ecological, recreational or other water-related functions. The Commission has classified cer-
tain of these waters as Special Protection Waters through provisions of its Water Code and
Comprehensive Plan (see Water Code, § 3.10.3 A.2) The Water Code seeks to maintain or im-
prove the condition of these water resources through regulatory requirements such as pre-
vention of measurable change to existing water quality, evaluation of natural wastewater
treatment system alternatives, conditions or limitations on wastewater treatment facilities
and control of non-point sources.

Many high value water resources are associated with and dependent on their surrounding
landscapes. DRBC Special Protection Waters are located in the upper portion of the Basin
where forested headwater areas and riparian buffers slow the rate and volume of stormwater
runoff, replenish groundwater that serves as a source of drinking water and sustains stream
flow, and control the introduction of pollutants into streams. These landscape features are
particularly effective at controlling non-point source pollution that may occur following pre-
cipitation events.

High volume hydraulic fracturing and the related alteration of landscapes required to support
that activity pose risk to high value water resources. As noted in Figure 1, it is expected that
practically all of the development and related disturbances from high volume hydraulic frac-
turing would occur in the drainage area of DRBC Special Protection Waters. Approximately
70 percent of the Basin area underlain by the Marcellus and Utica Shales (largely in the drain-
age area of Special Protection Waters) is forested. The average total disturbance associated
with a single Marcellus Shale well pad in Susquehanna County, PA, including associated access
roads and utility corridors, is estimated at 3.1 hectares (7.7 acres) (Slonecker et al, 2013, p.
19, Table 2). Off-site facilities such as gathering lines involve additional disturbances. These
landscape changes will reduce forested areas and potentially vegetated buffers, increase non-
point source pollution, diminish groundwater infiltration, and risk adversely affecting water
quality and quantity in surface and groundwater. Because high volume hydraulic fracturing
would most likely occur in headwater areas in the drainage area to Special Protection Waters,
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the risks of degrading water resources and impairing the effectuation of the Comprehensive
Plan are of particular concern.

The U.S. EPA’s 2016 report, Hydraulic Fracturing for Oil and Gas: Impacts from the Hydraulic Fractur-
ing Water Cycle on Drinking Water Resources in the United States, uses the “hydraulic fracturing water
cycle” as the organizational structure for its investigations. Similar to the above description, the
stages and activities of the hydraulic fracturing water cycle as EPA defined it include:

e Water Acquisition: the withdrawal of groundwater or surface water
to make hydraulic fracturing fluids;

e Chemical Mixing: the mixing of a base fluid (typically water), prop-
pant, and additives at the well site to create hydraulic fracturing flu-
ids;

e Well Injection: the injection and movement of hydraulic fracturing

fluids through the oil and gas production well and in the targeted rock
formation;

e Produced Water Handling: the on-site collection and handling of
water that returns to the surface after hydraulic fracturing and the
transportation of that water for disposal or reuse; and

o Wastewater Disposal and Reuse: the disposal and reuse of hydrau-
lic fracturing wastewater.

(U.S. EPA, 20164, p. ES-9)(footnote omitted)). Each of these phases or combinations of them could
properly be identified by the Commission as a project or projects, and each such project could be
considered separately by the Commission for purposes of evaluation. See, Compact, § 1.2(g).

1.9 The Delaware River Basin Compact and the
Comprehensive Plan

A brief overview of the statute known as the Delaware River Basin Compact (“Compact”) and a cen-
tral feature of that statute—the Comprehensive Plan—are important to understanding the actions
being taken by the Commission.

THE COMPACT. In 1961, the United States and the states of Delaware, New Jersey, and New York and
the Commonwealth of Pennsylvania enacted concurrent legislation creating the DRBC to manage the
water resources of the Basin.l” The Compact recognized “the water and related resources of the

17 The federal law enacting the Compact, Public Law 87-328, is set forth in 75 Stat. 688. The laws of the Basin
states enacting the Compact are 53 Delaware Laws, Chapter 71; New Jersey Laws of 1961, Chapter 13, New
York Laws of 1961, Chapter 148; Pennsylvania Acts of 1961, Act No. 268. The Compact, DRBC Water Quality
Regulations and DRBC Rules of Practice and Procedure, cited in this document are available on the Regulations
page of the DRBC website, http://www.nj.gov/drbc/about/regulations/.

20



Delaware River Basin as regional assets” and established the Commission as an agency through
which these vital shared resources could be jointly managed. (Compact Part 1, Recitals). Water re-
sources include surface water, groundwater and “related natural resources,” as well as “related uses
of land.” (Compact § 1.2(i)).

The five parties to the Compact act through their respective Commissioners (or their alternates), who
are referred to in the Compact as the "members" of the Commission (Compact §§ 2.2 and 2.3). The
DRBC's members are, ex officio, the governors of the four Basin states and a representative of the
President. By statute, the President's representative is the commander of the North Atlantic Division,
U.S. Army Corps of Engineers. (Compact, § 2.2, as amended by Pub. L. 110-114 § 5019). Each Com-
missioner is entitled to one vote. (Compact, § 2.5). Decisions of the Commission are made by vote of
a majority of the membership, i.e, by three or more votes. (Id.)

Each Commissioner may appoint an alternate or alternates with authority to attend all meetings of
the Commission and to vote in the member’s absence. Pursuant to Section 14.5(a) of the Compact,
the Commissioners appoint an Executive Director to oversee the day-to-day activities of Commission
staff. However, the Compact is clear that the Commissioners, not the Executive Director, serve as the
governing body of the DRBC (Compact, § 14.1(b)(1)).

Central to the Commission’s mission is the adoption of a “comprehensive plan for the immediate and
long range development and uses of the water resources of the Basin” to which federal, state and
local agencies and private parties are bound (Compact, §§ 3.2 and 13.1). The Compact provides the
Commission with a range of tools for developing and implementing its Comprehensive Plan, includ-
ing powers to conduct and sponsor research (§ 3.6(c)); to plan, design and construct projects, activ-
ities and services (§ 3.6(a)); to establish rules (as described below), and to review projects sponsored
by other entities, including “any person, corporation or government authority,” that may have a sub-
stantial effect on the Basin’s water resources, to ensure such undertakings do not substantially im-
pair or conflict with the Comprehensive Plan (§ 3.8).

The Commission’s rulemaking authority is described in several of the Compact’s provisions. The
Commission may “make and enforce reasonable rules and regulations for the effectuation, applica-
tion and enforcement of the Compact” (§ 14.2); it may “establish standards of planning, design and
operation of all projects and facilities in the Basin which affect its water resources” (§ 3.6(b)); and it
may “have and exercise all powers necessary or convenient to carry out its express powers”
(§ 3.6(h)). In addition, Article 5 of the Compact, which focuses specifically on pollution control, pro-
vides that the Commission may “classify the waters of the Basin and establish standards of treatment
of sewage, industrial or other waste” (§ 5.2) and may “adopt and from time to time amend and repeal
rules, regulations and standards to control such future pollution and abate existing pollution ... as
may be required to protect the public health or to preserve the waters of the Basin for uses in accord-
ance with the comprehensive plan” (Id.).

THE COMPREHENSIVE PLAN. In accordance with the Compact’s mandate, the Comprehensive Plan is
an ever-evolving compilation of projects, policies and regulations that the Commission deems neces-
sary for the “optimum planning, development, conservation, utilization, management and control of
the water resources of the Basin to meet present and future needs.” (Compact, §13.1). DRBC has
established by regulation and has included in its Comprehensive Plan projects, policies and regula-
tions relating to both water quality and water quantity.
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Water Quality. An important driver for enactment of the Delaware River Basin Compact was the need
for effective management of water quality in the Basin’s shared waters. In important part through
the Commission’s efforts from 1961 through the present, dissolved oxygen in the Estuary has been
restored from conditions that at times and locations were incapable of supporting aquatic life, to
levels that consistently support the maintenance of fish populations and passage of fish that swim
up- or downstream to spawn. However, the Estuary and Bay are still plagued by a legacy of industrial
pollution, including by persistent toxic pollutants that bioaccumulate in the tissues of fish and other
animals (including humans), and that have given rise to state-issued limits on the consumption of
many species of fish caught in the Estuary and Bay.

With respect to surface water quality, the Commission has adopted standards that include numeric
criteria—some of Basin-wide application and others for specific water quality zones—and narrative
standards that include the water uses to be protected by the numeric criteria. See Delaware River
Basin Water Code, Article 111 - Water Quality Standards for the Delaware River Basin. In accordance
with these regulations the Commission has provided that, “[t]he quality of Basin waters, except in-
termittent streams, shall be maintained in a safe and satisfactory condition for” a list of uses that
includes “agricultural, industrial and public water supplies after reasonable treatment . . . ; wildlife,
fish and other aquatic life; . .. and recreation” among others (Water Code § 3.10.2. B.).

In the Estuary and Bay, the Commission has taken important steps to restore water quality impair-
ments caused by legacy pollutants. It has done so most recently through the development of a total
maximum daily load (“TMDL”) for highly toxic polychlorinated biphenyls (“PCBs”), by allocating to
major municipal and industrial point sources a maximum quantity of the pollutant they may dis-
charge, and by the adoption of a regulation, included in the Comprehensive Plan, requiring each ma-
jor discharger to reduce its loading of PCBs to Basin waters by tracking down and removing the
sources of these harmful chemicals. (Water Code § 4.30.9). As effective as this process has been, the
cost is high, and unrestricted human consumption of Estuary fish will not be possible for decades.

Understanding the expense—in both time and resources—of restoring waters impaired by pollution,
the Commission has taken initiatives to keep the Basin’s clean waters clean. Based on years of data
gathering and analyses, the Commission classified the waters of the main stem Delaware River up-
stream of the head of tide in Trenton, New Jersey, and certain portions of tributaries to these waters
as Special Protection Waters, 18 citing their “exceptionally high scenic, recreational, ecological, and/or
water supply values” (Water Code § 3.10.3 A.2.). Waters so classified are subject to antidegradation
requirements for both point and nonpoint sources of pollution intended to support the goal of “no
measurable change ... except toward natural conditions.” (Id.).

The Commission has also adopted regulations and included in the Comprehensive Plan measures to
protect groundwater resources. A comprehensive survey on the Basin led by the United States Army
Corps of Engineers at the direction of Congress provided an important basis for the Commission’s

18 Special Protection Waters are defined in DRBC regulations as Basin waters of exceptionally high scenic, rec-
reational, ecological and/or water supply values, and include all segments of the main stem Delaware River
between Hancock, New York and Trenton, New Jersey and designated portions of certain tributaries (Water
Code § 3.10.3A.2 and associated Tables).
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first Comprehensive Plan and early amendments to it. Published as an eleven-volume reportin 1961,
the survey recognized that “[r]ural users and small communities will continue to rely mainly on
ground-water sources at least until such time as the quality of surface waters or the distribution of
centrally treated supplies of surface waters makes their use convenient and economical for the rural
users.” (U.S. Army Engineer District, 1961, Vol. 1, p. 87). The Corps advised that “under these condi-
tions and with a view to assuring an equitable supply of suitable quality water to all users in the
future, it is imperative that specific programs for the controlled use and conservation of the Basin’s
water resources and preservation of their quality be vigorously administered” (Id.), and that the
“rigid control of the magnitude and geographic distribution of ground-water withdrawals” be among
the programs instituted to ensure adequate future supplies. (Id., p. 88)

The Commission responded by instituting groundwater quality standards and protections as early as
1964. Thatyear, it amended the Comprehensive Plan by Resolution No. 64-11, providing in part that:

No underground waters, or surface waters which are or may be the sources
of replenishment thereof, shall be polluted in violation of water quality stand-
ards duly promulgated by the Commission or any of the signatory parties.

(Water Code § 2.20.5). By the same resolution, the Commission provided that:

The underground water resources of the Basin shall be used, conserved, de-
veloped, managed, and controlled in view of the needs of present and future
generations, and in view of the resources available to them. To that end, in-
terference, impairment, penetration, or artificial recharge shall be subject to
review and evaluation under the Compact.

(Water Code § 2.20.6).

During the 1970s, by Resolutions 72-14 and 78-8 the Commission defined groundwater as “all water
beneath the surface of the ground” (Water Code, § 3.40.2) and identified the uses of these water re-
sources to be protected as “domestic, agricultural, industrial, and public water supplies ... [and] a
source of surface water suitable for recreation, wildlife, fish and other aquatic life.” (Id. § 3.40.3 A.).
The groundwater quality objectives the Commission adopted to support these uses provide:

The ground waters of the Basin shall not contain substances or properties at-
tributable to the activities of man in concentrations or amounts sufficient to
endanger or preclude the water uses to be protected.

1. Within this requirement, the ground waters shall be free from substances
or properties in concentrations or combinations which are toxic or harm-
ful to human, animal, plant, or aquatic life, or that produce color, taste, or
odor of the waters.

2. Concentrations at any point shall not be degraded by the activities of man
to exceed values specified by current U.S. Public Health Service Drinking
Water Standards
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(Id., § 3.40.4 A.). The Commission further provided by regulation and amendment of the Comprehen-
sive Plan that:

No quality change will be considered which, in the judgment of the Commis-
sion, may be injurious to any designated present or future ground or surface
water use.

(Id. § 3.40.4 B.);

The processing, handling, transportation, disposal, storage, excavation or re-
moval of any solid, liquid, or gaseous material on or beneath the ground sur-
face of the Basin shall be conducted in such manner and with such facilities,
in accordance with such regulations and requirements as the Commission
may prescribe, as to prevent any of the criteria or requirements of this Section
from being violated.

(Id. § 3.40.5 A.);

No substances or properties which are in harmful or toxic concentrations or
that produce color, taste, or odor of the water shall be permitted or induced
by the activities of man to become ground water.

(Id, § 3.40.5 B.1.); and

Notwithstanding any other criteria or requirements of this Section, the Com-
mission may establish . .. prohibitions which, in its judgment, are necessary
to protect ground water quality.

(Id, § 3.40.5 B.3.).

Water Quantity. The Commission’s regulations and Comprehensive Plan also address water quantity.
The Commission owns storage in the Beltzville and Blue Marsh reservoirs in the Lehigh and Schuylkill
River drainages, respectively, in Carbon and Berks counties, Pennsylvania. The Commission directs
releases of water from these storage pools to augment flow in the lower Basin during dry conditions.
In accordance with Section 4.2 of the Compact:

No signatory party shall permit any augmentation of flow to be diminished by
the diversion of any water of the Basin during any period in which waters are
being released from storage under the direction of the Commission for the
purpose of augmenting such flow, exceptin cases where such diversion is duly
authorized by this Compact, or by the commission pursuant thereto, or by the
judgment, order or decree of a court of competent jurisdiction.

The Compact, Comprehensive Plan, and Commission regulations all recognize that water quality and
quantity are inter-related. Because freshwater flowing downstream to the Delaware Estuary helps
to repel or flush back salt-laced water from the Atlantic Ocean to keep it from reaching higher than
optimal concentrations at industrial and public water supply intakes in and near the cities of Phila-
delphia and Camden, the Commission’s members are particularly focused on maintaining adequate
flows in the main stem Delaware River to repel salinity in the upper Estuary during periods of low
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flow. Accordingly, drought operating plans promulgated as rules by the Commission and included in
its Comprehensive Plan govern releases by the City of New York from its three upper Basin reservoirs
during periods of drought as defined by these rules. (Water Code § 2.5). (Operating plans agreed
upon by the four Basin states and New York City govern releases from the City’s reservoirs other
times.)

Under the authority granted it by Section 3.8 of the Compact (“Referral and Review”), Section 3.3
(“Allocations, Diversions and Releases”), Section 13.1 (“Comprehensive Plan”) and the Commission’s
regulations implementing these sections, the Commission also allocates surface and ground water
for industrial, municipal and other purposes in a manner that protects water quality, aquatic life and
other uses and users in the vicinity of and downstream from withdrawal points.

In addition to rules providing for water conservation, including a requirement that the owners of
water supply systems serving the public conduct a detailed water audit annually (Water Code § 2.1),
the Commission’s rules and Comprehensive Plan include the following provisions and policies in-
tended to ensure adequate water supplies, including in-stream flows, at all times:

The waters of the Delaware River Basin are limited in quantity and the Basin
is frequently subject to drought warnings and drought declarations due to
limited water supply storage and streamflow during dry periods. Therefore,
it shall be the policy of the Commission to discourage the exportation of water
from the Delaware River Basin.

(Id., § 2.30.2.);

[TThe Basin waters have limited assimilative capacity and limited capacity to
accept conservative substances without significant impacts. Accordingly, it
also shall be the policy of the Commission to discourage the importation of
wastewater into the Delaware River Basin that would significantly reduce the
assimilative capacity of the receiving stream on the basis that the ability of
Delaware River Basin streams to accept wastewater discharges should be re-
served for users within the Basin.

(Id.); and

It is the policy of the Commission to give no credit toward meeting
wastewater treatment requirements for wastewater imported into the Dela-
ware River Basin.

(1d, § 2.30.6.).

In summary, under the authorities conferred by the Compact and the obligations the Compact im-
poses, the Commission maintains and implements a Comprehensive Plan for the immediate and long-
range development and use of the Basin’s water resources. The Comprehensive Plan contains provi-
sions that pertain to water quality and water quantity with respect to both surface water and ground
water. As the sections of this document describing the Basin’s water resources and the process of
extracting natural gas from shales show, many elements of the Comprehensive Plan are potentially
affected by the development of natural gas from shale formations underlying the Basin.
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2.RESPONSE TO COMMENTS

2.1 Rule Section 440.1 - Purpose, Authority and Relationship to
Other Requirements

2.1.1 Authority

STATEMENT OF CONCERN (SC-1)

o The prohibition of HVHF in the Basin exceeds the Commission’s statutory authority. The Com-
mission’s pollution control authority under Section 5.2 of the Compact is limited to establishing
treatment standards.

o The perceived risk of inadvertent spills and releases cannot support a ban of HVHF under Section
5.2.

o Consumptive use and water acquisition cannot support the prohibition on HVHF; they are ad-
dressed only through Article 10 of the Compact which authorizes the Commission to regulate
withdrawals in groundwater protected areas.

o The Commission’s authority over siting and landscapes is set forth in Article 6 pertaining to flood
plain zoning and Article 7 pertaining to watershed management; neither of these provisions au-
thorizes a Basin-wide prohibition.

RESPONSE (R-1)

As set forth in this Response, several sections of the Compact, read independently or in concert, au-
thorize the Commission to prohibit HVHF in the Basin. The various activities comprising or accom-
panying HVHF pose significant risks to the water resources of the Basin and would impair the effec-
tuation of the DRBC’s Comprehensive Plan. See Sections 1.9, 2.3.2 and 2.3.3 of this Comment and Re-
sponse Document. The sections of the Compact discussed below authorize the DRBC to promulgate
regulations, including a prohibition of HVHF, to eliminate or minimize these risks.

Section 5.2 of the Compact authorizes the Commission to “assume jurisdiction to control future pol-
lution and abate existing pollution in the waters of the basin, whenever it determines after investiga-
tion and public hearing upon due notice that the effectuation of the comprehensive plan so requires.”
The Comprehensive Plan includes numerous projects that depend on the availability of water in suf-
ficient quantity and quality for their implementation. See Comprehensive Plan, Section II. The Com-
prehensive Plan also includes DRBC’s Water Code, which contains surface water quality standards
identifying water uses to be protected, establishing water quality objectives for streams in the Basin,
and protecting waters classified as Special Protection Waters from measurable adverse change. The
Water Code also prohibits degradation of groundwater. See Basin Regulations—Water Code, incor-
porated by reference at 40 C.F.R. Part 410.
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Section 440.3(a) of the HVHF regulations codifies the Commission’s determination that effectuation
of the Comprehensive Plan requires the Commission to assume jurisdiction to control future pollu-
tion from HVHF by prohibiting such activity in the Basin. The Commission’s determination is based
in part on the extensive scientific and technical analysis undertaken by the Commission staff, assisted
by staff of DRBC signatory party agencies. See, e.g., Section 2.3.1 (Basis and Background Documents),
Reference List, Section 1.2 (Public Input Purpose and Process), and Section 1.3 (Overview of Com-
ment Submissions) of this Comment and Response Document.

As explained throughout this Comment and Response Document, the analysis by Commission staff
demonstrated that the following incidents, among others, which are likely to be caused by HVHF ac-
tivities if undertaken in the Basin, would pollute drinking water aquifers, groundwater and surface
water, and impair the Commission's Comprehensive Plan: spills and releases of HVHF chemicals and
HVHF fluids; migration of methane and wastewater through the subsurface as a result of faulty well
construction and defective or degraded wellbore casings or cement; spills during surface transport
of materials to and from remote well pads; releases during chemical mixing and well stimulation; and
spills, releases and discharges during the storage, handling or disposal of wastewater including flow-
back and produced water. Staff's analysis further showed that increased concentrations of pollutants
due to water withdrawals to support HVHF activities, the consumptive use of water during HVHF
activities, and landscape changes caused by development of well pads, roads and other HVHF activi-
ties would exacerbate the water resource impacts from the pollution incidents described above and
pose their own threats to the effectuation of the Comprehensive Plan. Based upon their review and
evaluation of staff's analysis, conclusions and recommendations, and as codified in Section 440.3(a),
the Commissioners determined that effectuation of the Comprehensive Plan requires the Commis-
sion to control pollution from HVHF.

Section 5.2 of the Compact sets forth the standard of control that the Commission may impose: “pol-
lution by sewage or industrial or other waste . . . shall not injuriously affect waters of the basin as
contemplated by the Comprehensive Plan.” Compact, §5.2, second sentence. The Comprehensive Plan
includes projects incorporated by the Commission into the Plan and provides for multiple uses of the
waters of the Basin by members of the Basin community. See Compact, § 13.1.19 If water were not
available in sufficient quality and quantity to satisfy these projects and other uses, the Comprehen-
sive Plan would be impaired. By contaminating surface water and groundwater, including public and
private sources of drinking water, polluting surface water necessary to maintain and propagate
aquatic species, or otherwise creating conditions that would impair activities of water users such as
water purveyors and recreational, agricultural and industrial users dependent on high water quality,

19 To that end, the Comprehensive Plan includes, among other things, specific water quality standards identify-
ing water uses and stream quality objectives to protect those uses. Among others, these standards provide:
“The quality of Basin waters . .. shall be maintained in a safe and satisfactory condition for the following uses:
(1) ... public water supplies after reasonable treatment, except where natural salinity precludes such uses; (2)
wildlife, fish and other aquatic life; (3) recreation; ... (6) such other uses as may be provided by the Compre-
hensive Plan.” DRBC Water Code § 3.10.2 B. (incorporated by reference at 18 C.F.R. Part 410). The Water Qual-
ity Standards also provide that in waters classified by the Commission as Special Protection Waters, “It is the
policy of the Commission that there be no measurable change in existing water quality except towards natural
conditions. Id., § 3.10.3 A.2. In addition, "The quality of ground water shall be maintained in a safe and satis-
factory condition, except where such uses are precluded by natural quality, for use as: 1. domestic, agricultural,
industrial, and public water supplies...” Id, § 3.40.3 A.
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see Sections 2.3.2 and 2.3.3 of this Comment and Response Document, HVHF would injuriously affect
the waters of the Basin as contemplated by the Comprehensive Plan.

The contention of some commenters that the Commission’s authority under Section 5.2 is limited to
adopting treatment standards is incorrect. Section 5.2 authorizes the Commission to adopt “rules,
regulations and standards to control. .. future pollution” in addition to requiring treatment of waste.
See Compact, § 5.2, fourth sentence. This authority must be “reasonably and liberally construed][,]”
Compact, § 14.21, and encompasses regulation of pollution from sources that do not treat their
wastes as well as from wastewater treatment plants. Protecting water resources, including drinking
water, surface water and groundwater, from pollution generated during the various HVHF phases
and activities discussed throughout this Comment and Response Document is required “to protect
the public health or to preserve the waters of the basin for uses in accordance with the comprehen-
sive plan.” Compact, § 5.2, fourth sentence. See, e.g., Sections 2.3.2 and 2.3.3 of this Comment and
Response Document. The water resources to be protected include groundwater as well as surface
water. See Compact § 1.2(i).

Other provisions of the Compact also serve as sources of the Commission’s authority to adopt a reg-
ulation prohibiting HVHF. Section 14.2(a) authorizes the Commission to “[m]ake and enforce reason-
able rules and regulations for the effectuation, application and enforcement of this compact.” Simi-
larly, Section 3.6(h) authorizes the Commission to “exercise all powers necessary or convenient to
carry out its express powers or which may be reasonably implied therefrom.” Likewise, Section 3.1
of the Compact, contained within Article 3 entitled “Powers and Duties of the Commission,” provides
that the Commission “shall develop and effectuate plans, policies and projects relating to the water
resources of the basin,” and “shall adopt and promote uniform and coordinated policies for water
conservation, control, use and management in the basin.” Section 3.2(b) of the Compact authorizes
the Commission to adopt a water resources program based on the Comprehensive Plan, presenting
the quantity and quality of water resource needs. Section 3.6(b) grants the Commission authority to
establish standards of planning, design and operation of all projects and facilities in the Basin which
affect its water resources. Section 7.1 of the Compact instructs the Commission to promote sound
practices of watershed management in the Basin. A regulation prohibiting HVHF effectuates the pol-
lution control provisions of the Compact, promotes a uniform and coordinated policy for managing
pollution from HVHF activities, sets forth a standard of operation for HVHF projects and facilities and
promotes sound practices of watershed management. As such, it is authorized by Sections 14.2(a),
3.6(h), 3.1, 3.6(b) and 7.1. Similarly, the prohibition implements a water resources program within
the meaning of Section 3.2(b) by protecting the Basin’s water resources from degradation and dimi-
nution due to HVHF activities.

Not only do these Compact provisions provide a mechanism to implement one of the purposes of the
Compact, pollution control, they also confer authority to protect those uses of water resources that
are identified in the Comprehensive Plan and require a sufficient quantity as well as quality of water.
See Compact, §§ 3.2(a) and 13.1. Competing uses, such as HVHF which consumptively uses millions
of gallons of water for each fracturing event at each natural gas well, may diminish water quantity
and threaten the availability of sufficient water to meet demand for drinking water, agricultural irri-
gation, industrial production, ecological protection and other uses. As such, the sections of the Com-
pact discussed above grant the Commission authority to regulate consumptive use through the HVHF
prohibition. In addition, because lower stream flows elevate concentrations of pollutants in water-
bodies, Section 5.2 also provides authority for limiting consumptive use.
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The Commission disagrees with the view of Commenters asserting that consumptive use and water
acquisition are addressed only through Article 10 of the Compact. Article 10 focuses on water with-
drawals and diversions. As discussed above, management of consumptive use that would affect the
quantity and quality of water available to other water users is critical to effectuation of the Compre-
hensive Plan, and the sections of the Compact setting forth the rulemaking provisions discussed
above, which protect the Comprehensive Plan, are also applicable. In addition, Section 4.1 of the Com-
pact which grants the Commission the power to develop, implement and effectuate plans and pro-
jects for the use of the waters of the Basin for water supply provides an additional basis for regulating
consumptive use and water acquisition. As detailed in this Comment and Response Document, water
supplies protected by the Comprehensive Plan, including drinking water supplies, would be dimin-
ished in quantity and quality if HVHF activities occur in the Basin. Additional Sections of the Compact
likewise convey authorities dependent on adequate water supplies and may be impaired by deple-
tion of water resources through consumptive use. See, e.g., Section 3.5 (maintaining rights under the
1954 Supreme Court Decree), Section 4.2 (water supply), Article 7 (watershed management), Article
8 (recreation), Article 9 (hydroelectric power) and Section 13.2 (water resources program). Consid-
eration of consumptive use for purposes of the current rulemaking is discussed in Section 2.3.2.1
(Water Use) of this Comment and Response Document.

Finally, the Compact grants the Commission various authorities over “water resources” of the Basin,
a term that is defined in the Compact to include “uses of land” related to “water and related natural
resources in, on, under, or above the ground.” Compact, § 1.2(i). The Commission is expressly author-
ized to promote sound practices of watershed management in the Basin, including soil conservation
and protection of fish and wildlife. Compact, Article 7. As detailed in Section 2.3.2.5 (Landscape
Changes) of this Comment and Response Document, HVHF may adversely affect these important fea-
tures of the watershed in which HVHF would be conducted. As HVHF activities increase, the risks to
water resources are particularly acute in headwater areas and the drainage areas to waters desig-
nated as Special Protection Waters in which the Commission seeks to avoid measurable adverse
changes to water quality. See Sections 1.1, 1.6, 1.8, 1.9 (Introduction sections), Sections 2.3.2 and 2.3.3
(Significant Risks and Significant Impacts to water resources, respectively) and Section 2.3.4.1 (Con-
sistency with DRB Compact and Other Programs) of this Comment and Response Document. The
Commission’s authority to conserve and manage “water resources” including “related uses of land,”
in combination with other authorities cited above, supports the Commission’s regulation.

In sum, Compact Sections 3.1, 3.2(a) and (b), 3.6(b) and (h), 4.1, 5.2, 7.1, 13.1 and 14.2(a) separately

or together provide clear statutory authority for the Commission’s prohibition of HVHF.

2.1.2 State and Federal Rules

STATEMENT OF CONCERN (SC-2)

Several commenters questioned the need for separate regulation of HVHF by the DRBC, arguing that
state and federal regulations as well as industry best management practices adequately protect
against potential adverse impacts to water resources. Examples of these comments appear below:

o Potential impacts from hydraulic fracturing have been addressed for years by ever-improving
industry practices, robust state regulatory programs and federal regulations.
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o The DBRC should follow the federal government's lead (recognizing the strong safety record
of energy development in the U.S.) and limit unnecessary regulations, not impose new, un-
needed restrictions.

o The federal Clean Water Act is adequate to control potential sources of pollution from all ac-
tivities including natural gas development.

RESPONSE (R-2)

The DRBC is aware of the state and federal statutes, findings, regulatory standards, and practices
governing hydraulic fracturing and unconventional well drilling nationally and in the Basin states.
When the member states and the federal government enacted the Delaware River Basin Compact
(“Compact”) creating the DRBC in 1961, they recognized the Basin’s unique hydrologic and geologic
setting and the unique set of demands on its water resources. They agreed that a Basin-wide ap-
proach was required to sustainably manage the Basin’s resources on behalf of the millions of water
users in four states who relied or would in the future rely on these limited resources. Through the
adoption of policies, regulations and projects over the ensuing decades, the Commission’s five signa-
tory parties crafted a Comprehensive Plan “for the optimum planning, development, conservation,
utilization, management and control of the water resources of the Basin to meet present and future
needs.” (Compact, § 13.1). The Compact gave the Commission the powers required to implement its
Comprehensive Plan, including among others the power to “assume jurisdiction to control future pol-
lution and abate existing pollution in the waters of the Basin, whenever it determines that the effec-
tuation of the comprehensive plan so requires.” (Compact. § 5.2). This authority was not superseded
or preempted by prior or subsequent legislation enacted by the federal government or the member
states. To effectuate the Comprehensive Plan, the Commission may impose requirements that go
beyond those established by the Clean Water Act or member state environmental statutes if in its
view the effectuation of the Comprehensive Plan so requires.

This response to comments references dozens of studies and reports that document the risks, vul-
nerabilities and impacts associated with high volume hydraulic fracturing (also herein, “HVHF”) not-
withstanding industry best practices and federal and state requirements adopted to prevent envi-
ronmental harm. Based on an extensive scientific and technical analysis, the Commission staff has
concluded, and the Commissioners have determined, that if HVHF were to proceed in the Basin, spills
and releases of HVHF chemicals, HVHF fluids and HVHF wastewater; leaks through defective or de-
graded wellbore casings; migration of methane and wastewater through the subsurface; and other
incidents caused by HVHF activities would likely pollute drinking water aquifers, groundwater and
surface water of the Basin and impair the Commission’s Comprehensive Plan. For these reasons, the
Commission has determined that effectuation of the Comprehensive Plan requires the Commission
to control pollution from HVHF.
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STATEMENT OF CONCERN (SC-3)

A commenter stated thatin addition to the water supply availability authority exercised by both SRBC
and DRBC, any water withdrawals associated with unconventional natural gas development and high
volume hydraulic fracturing are also subject to oversight by the Pennsylvania Department of Envi-
ronmental Protection (PADEP) through the submittal, review and approval of water management
plans.

RESPONSE (R-3)

In accordance with Pennsylvania’s 2012 0Oil and Gas Act (“Act 13”), “[n]o person may withdraw or
use water from water sources within [the] Commonwealth for the drilling or hydraulic fracture stim-
ulation of any natural gas well completed in an unconventional formation ... except in accordance
with a water management plan approved by the [Pennsylvania Department of Environmental Pro-
tection (“PADEP”)].20 Such plan must demonstrate, among other things, that “the proposed with-
drawal, when operated in accordance with the proposed ... operating conditions” will protect the
quantity and quality of water available to other users of the same source. The PADEP’s authority
pursuant to this requirement overlaps with water allocation and project review authorities exercised
by the Commission under the 1961 Delaware River Basin Compact.

To avoid duplication, the PADEP’s regulations provide that the water management plan require-
ments of Act 13 and its implementing regulations will be presumed to be met when the unconven-
tional well driller or operator has obtained an equivalent approval from the DRBC (or from one of
the other basin compact commissions to which Pennsylvania is a party). See, 25 Pa. Code § 78a.69(d).

STATEMENT OF CONCERN (SC-4)

A commenter stated that waste management is beyond the scope of the Commission's authority and
rests instead with the Compact' s signatory states to regulate and authorize.

RESPONSE (R-4)

Please see the Commission’s response at Section 2.1.1 (Authority).

STATEMENT OF CONCERN (SC-5)

Commenters stated that DRBC should coordinate the regulation of natural gas with Pennsylvania
through administrative agreements rather than ban it, that Pennsylvania has a world class program
to regulate and develop natural gas resources safely, and that PADEP has adequate standards for
natural gas drilling which are endorsed by STRONGER.

20 58 Pa. C.S. § 3211(m)(1). The statutory requirements, along with procedural provisions, are repeated in PA
DEP regulations at 25 Pa. Code § 78a.69.
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RESPONSE (R-5)

In comments submitted on DRBC’s rulemaking, the Marcellus Shale Coalition (“MSC”) praises Penn-
sylvania’s unconventional natural gas development regulatory program as "world class."” In doing so,
the MSC fails to acknowledge its own strenuous efforts to weaken or eliminate that program. In 2016,
the MSC sued the Pennsylvania Department of Environmental Protection (“PADEP” or “Department”)
and the Pennsylvania Environmental Quality Board seeking relief from Chapter 78a, the Depart-
ment’s then new regulations implementing Pennsylvania’s 2012 Oil and Gas Act (“Act 13”) relating
to unconventional natural gas development. The rules the MSC challenged and asked the court to
invalidate were designed to protect natural and public resources including—forests, game lands,
wildlife areas, national natural landmarks, state or national scenic rivers, historical and archaeologi-
cal sites, threatened and endangered species, critical habitats, common areas on school properties,
and playgrounds, among others; provisions requiring drillers to identify, monitor, and plug inactive
wells; rules for managing the difficult-to-treat wastes resulting from Marcellus Shale drilling and ex-
traction; and rules regarding impoundments, site restoration, spill remediation, and waste reporting.
See, Marcellus Shale Coal. v. Dep't of Envtl. Prot. of Pa., 646 Pa. 482, 185 A.3d 985, 2018. Act
13 was adopted and Chapter 78a promulgated only after the Marcellus Shale gas extraction boom
had resulted in multiple incidents involving harm to surface and ground waters after drilling accel-
erated in 2008.

The MSC has challenged the need for regulations that specifically target unconventional drilling,
maintaining that Pennsylvania’s Act 13 is “self-implementing.” Id. The statute sets forth critical pro-
tections but does not establish the procedures required to ensure industry’s compliance with them.

The most recent evaluation of Pennsylvania’s oil and gas regulatory program by a more neutral eval-
uator, STRONGER,?! concludes: “the Pennsylvania program is, overall, well-managed, professional
and meeting its program objectives. The review team also made recommendations for improve-
ments in the program.” Pennsylvania has adopted some but not all of the improvements recom-
mended by STRONGER. (STRONGER, 2010).

The Commission acknowledges the findings of STRONGER and the responsible regulatory oversight
by the PADEP. However, based on an extensive scientific and technical analysis, the Commission staff
has concluded and the Commissioners have determined that notwithstanding industry best practices
and federal and state requirements, if HVHF were to proceed in the Basin, spills and releases of HVHF
chemicals, HVHF fluids and HVHF wastewater; leaks through defective or degraded wellbore casings;
migration of methane and wastewater through the subsurface; and other incidents associated with
HVHF activities would likely contaminate drinking water aquifers, groundwater and surface water of
the Basin and impair the Commission’s Comprehensive Plan. To effectuate the Comprehensive Plan
for the immediate and long-range development and use of the Basin's water resources, as the

21 STRONGER is an acronym for “State Review of Oil and Natural Gas Environmental Regulations.” On its web-
site, strongerinc.org, STRONGER describes itself as “a multi-stakeholder 501(c)3 nonprofit organization.” It
notes that its “Board of Directors is comprised of equal representation from the oil and gas industry, state oil
and gas environmental regulatory agencies, and the environmental public advocacy community.” STRONGER’s
stated mission is “to enhance protection of human health and the environment by educating and providing
services for the continuous improvement of state oil and gas environmental regulatory programs.”
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Compact requires, the Commission has determined that a prohibition on HVHF within the Basin is
required.

STATEMENT OF CONCERN (SC-6)

Commenters stated that:

o The oil and gas industry have been granted numerous exemptions from key provisions of no
fewer than seven major federal statutes, including the National Environmental Policy Act,
Safe Drinking Water Act, Clean Water Act, Clean Air Act, Resource Conservation and Recovery
Act, Comprehensive Environmental Response, Compensation, and Liability Act, and Emer-
gency Planning and Community Right-to-Know Act.

o These multiple exemptions amount to loopholes that result, at best, in inconsistent levels and
scopes of scrutiny by states and tribes. At worst, as a result of these exemptions, aspects of
oil and gas extraction that pose risks to the environment and human health go unregulated.

o Iftheindustry had not received unprecedented exemptions from the nation's most important
environmental and public health laws, fracking would be illegal.

RESPONSE (R-6)

The Natural Resources Defense Council, the Delaware Riverkeeper Network, and Damascus Citizens
for Sustainability, among others, have expressed concerns about the exemptions from federal envi-
ronmental and community right-to-know laws that have been accorded the oil and gas industry.
Commenters point out that the efficacy of federal regulatory standards lies in the certainty and con-
sistency of their application. The absence of such uniformity, they contend, results in inconsistent
environmental regulation, which creates confusion and potentially may compromise public health
and safety.

Inconsistency among the laws of different jurisdictions and in the implementation of such laws is a
central problem that the Basin states and the federal government attempted to address through the
Delaware River Basin Compact. To overcome such inconsistency, the signatories to the Compact con-
ferred on the Commission broad authority not only to develop but to effectuate “a comprehensive
plan for the immediate and long range development and use of the water resources of the Basin”
(Compact, §13.1). See Section 2.1.1 (Authority) of this document for a detailed discussion of the Com-
mission’s authority to regulate high volume hydraulic fracturing for the extraction of oil and gas in
the Basin.
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STATEMENT OF CONCERN (SC-7)

Commenters claimed that previously, the DRBC staff told a federal court how Pennsylvania's robust
and comprehensive regulatory program eliminates, reduces, and minimizes the very same perceived
risks that DRBC now claims justify a ban on HVHF.

RESPONSE (R-7)

A few commenters representing industry and landowners in Wayne County, Pennsylvania cited in-
consistencies between the Commission’s 2017 rule proposal and statements made by DRBC’s former
Deputy Executive Director, Robert Tudor in the context of a 2012 court proceeding challenging
DRBC’s issuance of draft regulations on natural gas development in December 2010. See DRBC, 2012.

In a declaration in that case, Mr. Tudor stated that “[r]egulation of shale gas development in both
Pennsylvania and New York was in a fluid and dynamic mode during DRBC's rule development pro-
cess.” (DRBC, 2012,  11). He further stated, “The draft rule may yet undergo changes to enhance its
effectiveness and administration. The regulations will never be perfect, and I fully expect these rules
will continue to evolve with continued input from all stakeholders.” (Id, | 27).

Mr. Tudor’s declaration expressed his personal knowledge and experience and was “true and correct
to the best of [his] knowledge.” Since April of 2012, the United States Environmental Protection
Agency (“EPA”) published its final study on impacts of the hydraulic fracturing water cycle on drink-
ing water resources in the United States in 2016, and the New York State Department of Environ-
mental Protection (“NYSDEC”) issued its Final Supplemental Generic Environmental Impact State-
ment (“FSGEIS”) on the state’s oil, gas and solution mining regulatory program in 2015. In addition,
two states within or adjacent to the Delaware River Basin—New York and Maryland—banned HVHF,
and many additional scientific studies and reports have been published documenting the impacts and
potential impacts of HVHF on water resources. Mr. Tudor's declaration concerning DRBC regulations
proposed in 2010 does not reflect the Commission’s views on the matter today, which are informed
by a large volume of research and information that was unavailable at the time.

2.2  Rule Section 440.2 - Definitions

STATEMENT OF CONCERN (SC-8)

Commenters suggested that DRBC should use definitions adopted and recognized by EPA, PADEP or
SRBC.

RESPONSE (R-8)

The Marcellus Shale Coalition (“MSC”) provided detailed comments encouraging DRBC to use several
definitions supported by EPA, PADEP and SRBC.

MSC recommended that the EPA definition of “CWT wastewater” be used instead of this definition
proposed in the draft DRBC rules:
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“CWT wastewater” - For purposes of this part, “CWT wastewater” means any
wastewater or effluent resulting from the treatment of produced water by a
CWT.

The MSC proposed that DRBC use the EPA definition at 40 C.F.R. § 437.2(d):

“Centralized waste treatment wastewater” means any wastewater generated
as a result of CWT activities. CWT wastewater sources may include, but are
not limited to, liquid waste receipts, solubilization water, used oil emulsion-
breaking wastewater, tanker truck/drum/roll-off box washes, equipment
washes, air pollution control scrubber blowdown, laboratory-derived
wastewater, on-site landfill wastewaters, and contaminated storm water.

The Commission acknowledges that the definitions are similar in concept. Given that the term is used
only in Rule Section 440.5, Produced Water, which has been withdrawn, the definition of “CWT
wastewater” is also being withdrawn.

The MSC proposed that DRBC consider the use of the SRBC’s definition of “flowback water” instead
of this following definition proposed by DRBC:

“Flowback” - Fluids returned to the surface through an oil or gas well once
hydraulic fracturing pressure is released. Flowback can also refer to the stage
of well completion in which fluids are returned to the surface through the well
after fracturing is performed.

The SRBC definition is:

“Flowback” — A term used to represent the return flow of water and formation
fluids recovered from the wellbore of a hydrocarbon development well (in-
cluding unconventional gas wells) following the release of pressures induced
as part of the hydraulic fracture stimulation of a target geologic formation.
These fluids are considered flowback until the well is placed into production.

The Commission acknowledges that the definitions are similar in concept. Given that the term is used
only in Rule Section 440.5, Produced Water, which has been withdrawn from this rulemaking, the
definition of “Flowback” is also being withdrawn.

The MSC objected to DRBC'’s definition of “Person” and suggested the use of the EPA definition at 40
C.F.R.§122.2. The DRBC has used a definition similar to the proposed definition in the past and has
found it to be adequate. The proposed definition is not being revised.
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“Person” - Any natural person, corporation, partnership, association, com-
pany, trust, federal, state or local governmental unit, agency, or authority, or
other entity, public or private.

The MSC objected to DRBC’s definition of “pollutants” and suggested the use of the EPA definition at
40 C.F.R. § 122.2, since the EPA definition includes an exemption for the oil and gas industry. The
EPA definition is as follows:

“Pollutant” means dredged spoil, solid waste, incinerator residue, filter back-
wash, sewage, garbage, sewage sludge, munitions, chemical wastes, biological
materials, radioactive materials (except those regulated under the Atomic En-
ergy Act of 1954, as amended (42 U.S.C. 2011, et seq.)), heat, wrecked or dis-
carded equipment, rock, sand, cellar dirt and industrial, municipal, and agri-
cultural waste discharged into water. It does not mean: (a) Sewage from ves-
sels; or (b) Water, gas, or other material which is injected into a well to facili-
tate production of oil or gas, or water derived in association with oil and
gas production and disposed of in a well, if the well is used either to facili-
tate production or for disposal purposes is approved by authority of
the State in which the well is located, and if the State determines that the in-
jection or disposal will not result in the degradation of ground or surface wa-
ter resources.

The exemption in 40 C.F.R. § 122.2 refers to materials injected into wells for oil and gas production
or wastewater derived from oil and gas production injected into wells for disposal. The section pro-
posed in the DRBC draft rule refers to produced water returned from a gas well, not fracturing fluid
injected into a gas well or wastewater injected for disposal. In fact, the EPA has used the term “pol-
lutants” in regulating and studying CWTs, oil and gas wastewater, and produced water in the follow-
ing documents, including:

e Natural Gas Drilling in the Marcellus Shale - NPDES Program Frequently Asked Ques-
tions, (U.S. EPA, 2011).

e Detailed Study of the Centralized Waste Treatment Point Source Category for Facili-
ties Managing Oil and Gas Extraction Wastes, (U.S. EPA, 2018b).

e 0Oil and Gas Extraction Effluent Guidelines and Standards, 40 C.F.R. Part 435.

DRBC administers the Compact and was not attempting to alter the oil and gas exemption in the EPA
rules applicable to administration of the Clean Water Act. However, given that the term “pollutants”
was used only in Section 440.5 of the proposed rule, which is being withdrawn, the definition of “pol-
lutants” in Section 440.2 has also been withdrawn.

The MSC objected to DRBC’s proposed definition of “pollutants of concern.” The proposed DRBC def-
inition read as follows:

“Pollutants of concern” - conservative, radioactive, toxic or other substances
that are potentially present in produced water, consisting of all parameters
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listed in the EPA Technical Development Document for the Effluent Limita-
tions Guidelines and Standards for the Oil and Gas Extraction Point Source
Category (June 2016), specifically all pollutants for produced water listed in
Tables C-11, C-13, C-15, C-17, and C-19.

The MSC suggests that the definition should be revised to the following based upon the MSC’s inter-
pretation of EPA rules:

“Pollutants of concern” - the pollutant to be potentially regulated by the efflu-
ent guideline.

The MSC further suggests:

DRBC should recognize that industry innovation has developed to the point
where typical fluids used for hydraulic fracturing overwhelmingly are com-
posed of water and sand proppant. For these reasons the DRBC should re-
move all reference of “pollutants of concern” from the proposed rulemaking
and remove the reference to Tables C-11, C-13, C-15, C-17 and C-19 in the
proposed rulemaking, as well as any other policy in the proposed rulemaking
that may be based on the 2016 US EPA TDD study.

This comment fails to consider that fluids used for hydraulic fracturing also contain chemicals that
could be considered pollutants and that during fracturing, these fluids interact with brine in the tar-
get formation to create produced water containing salts, metals, radioactive material and other po-
tential pollutants. MSC is effectively suggesting that there are no “pollutants of concern” in produced
water, which is contrary to abundant scientific evidence. MSC is also suggesting that none of the 75
constituents listed in the tables referenced in the proposed DRBC definition are or should be “pollu-
tants of concern” in the Basin. These constituents include, but are not limited to: bromide, benzene,
toluene, xylene, barium, arsenic, sodium, strontium, radium 226 and radium 228. DRBC does not
agree that there are no “pollutants of concern” in produced water as proposed by the MSC. However,
since the definition of “pollutants of concern” was used specifically in Section 440.5 that has been
withdrawn, this definition has been deleted from Section 440.2.

The MSC suggests that DRBC consider the use of the definition of “production fluids” adopted by the
Susquehanna River Basin Commission (“SRBC”) instead of this “produced water” definition proposed
by DRBC:

“Produced water” - the water that flows out of an oil or gas well, typically
including other fluids and pollutants and other substances from the hydrocar-
bon-bearing strata. Produced water may contain “flowback” fluids, fracturing
fluids and any chemicals injected during the stimulation process, formation
water, and constituents leached from geologic formations. For purposes of §§
401.35(b) (18) and 440.5, the term “produced water” encompasses untreated
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produced water, diluted produced water, and produced water mixed with
other wastes.

The SRBC definition is:

“Production Fluids” - A term used by the Commission to represent the return
flow of water or formation fluids recovered at the wellhead after the well is
placed into production. This term is synonymous with “produced water”.

The DRBC definition is more comprehensive and includes greater detail than the SRBC definition;
however, since the definition of produced water was used specifically in Section 440.5 that has been
withdrawn, this definition was deleted in Section 440.2.

The MSC suggests that DRBC consider the use of the PADEP definition of “Industrial wastewater
treatment system” instead of this “wastewater treatment facility” definition proposed by DRBC:

Wastewater treatment facility - any facility treating and discharging
wastewater.

The rules, as originally proposed were intended to cover all wastewater treatment facilities and not
simply industrial waste treatment facilities. However, since the definition was used specifically in
Section 440.5 that has been withdrawn, this definition was deleted from Section 440.2.

STATEMENT OF CONCERN (SC-9)

A commenter suggested that the definitions of "flowback" and "fracturing fluids" should be deleted.

RESPONSE (R-9)

MSC provided comments to suggest DRBC delete the definitions of “flowback” and “fracturing fluids.”
As noted above, the definition of “flowback” will be deleted from Section 440.2 since Section 440.5
has been withdrawn and the definition is no longer needed. The definition of “fracturing fluids” is
needed to support another definition in the rules and as such, it will not be deleted.

STATEMENT OF CONCERN (SC-10)

Commenters suggested that the use of the term "high volume hydraulic fracturing” should be deleted
or redefined.

REsPONSE (R-10)

The MSC claims that the term is rarely used and that DRBC is misleading the public by implying that
itis a commonly used term in the region or the industry. MSC further contends that DRBC'’s notice of
rulemaking suggested that it was a “common term” that the industry had seen before as part of the
New York State Supplemental Generic Environmental Impact statement (“SGEIS”). The Commission
acknowledges that the use of the term by New York State does not necessarily make the term “com-
mon.” However, an internet search of the term “high volume hydraulic fracturing” produces several
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sources within and outside the northeastern United States that use the term (See e.g., Wright and
Muma, 2018 (Wichita, KS); Haley et al, 2016 (Pittsburgh, PA; Morgantown, WV; Lubbock, TX; and
Parachute, CO); Mrdjen and Lee, 2016 (Columbus, OH); Korfmacher et al, 2013 (Rochester, NY;
Washington, D.C.; and Roanoke, VA). MSC stated that no states in the region use the term “high vol-
ume hydraulic fracturing.” To the contrary, in addition to the New York State DEC, the Pennsylvania
DEP has used the term, for example, in summarizing amendments to the Commonwealth’s rules gov-
erning Oil and Gas Development (Chapter 78a). (PADEP, 2016g). The Commission’s Notice of Rule-
making is not misleading. Neither the Notice of Proposed Rulemaking nor the Rules are being revised
to remove the term.

The MSC also objected to the 300,000 gallon threshold adopted from the NYS EIS process. Many rules
have thresholds, and the threshold selected for this rule is the use of a combined total of 300,000 or
more gallons of water during all stages in completion of a natural gas well. Below such threshold, the
prohibition does not apply. The Commission reviewed the New York State SGEIS threshold, which is
set forth below.

3.2.2.1 SGEIS Applicability - Definition of High Volume Hydraulic Fracturing.
High volume hydraulic fracturing is done in multiple stages, typically using
300,000-600,000 gallons of water per stage. High volume hydraulic fracturing
in a vertical well would be comparable to a single stage. Wells hydraulically
fractured with less water are generally associated with smaller well pads and
many fewer truck trips, and do not trigger the same potential water sourcing
and disposal impacts as high volume hydraulically fractured wells. Therefore,
for purposes of the SGEIS and application of the mitigation requirements de-
scribed herein, high volume hydraulic fracturing is defined as hydraulic frac-
turing that uses 300,000 or more gallons of water, regardless of whether the
well is vertical, directional or horizontal. Wells requiring 299,999 or fewer
gallons of water to fracture low-permeability reservoirs are not considered
high volume and will be reviewed and permitted pursuant to the 1992 GEIS
and Findings Statement.

(NYSDEC, 2015b, p. 3-6). The Commission found the threshold as expressed by NYSDEC to be ra-
tional and appropriate for use by the DRBC. This is particularly so, given that impairments of water
uses outside the Delaware River Basin have been shown to accompany the practice of hydraulic frac-
turing using 300,000 gallons or more of water.

The MSC objected to the phrase, “whether the water is fresh or recycled and regardless of the chem-
icals or other additives mixed in the water” in the definition of high volume hydraulic fracturing. The
reason given by MSC was that, “The ‘risks’ upon which the DRBC is endeavoring to base the proposed
regulations do not extend to water and sand in their natural states, and the inclusion of fresh water
in this definition tries to introduce a risk of using fresh water for hydraulic fracturing that does not
exist” The assertion that DRBC included “fresh water” in an attempt to introduce a risk that does not
exist is inaccurate. The proposed definition recognizes that “fresh water,” recycled water, or a com-
bination of the two may be used in hydraulic fracturing. The definition attempts to clarify that the
threshold applies to all water-based fluids and not merely to one or the other. As noted in many
studies and as discussed further in this comment response document, there are risks to water re-
sources associated with the use of any water-based fluids in hydraulic fracturing.
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Other commenters suggested that the 300,000 gallon threshold be eliminated and that all hydraulic
fracturing activities and all natural gas well development, including the development of conventional
wells, be prohibited. A principal aim of these regulations is to avoid impairment of the Commission’s
Comprehensive Plan for Basin’s water resources. For unconventional wells, for practical purposes,
current hydraulic fracturing practices would include the use of more than 300,000 gallons per day of
water in almost all cases. Considering that technologies change over time, the rules would not pro-
hibit use of significantly less water and the resulting generation of significantly less wastewater and
other waste. Such projects would still require review by the Commission under the Compact and
existing regulations if they may have a substantial effect on the water resource of the Basin, but they
would not be prohibited by the Final Regulations.

The definition of high volume hydraulic fracturing has not been deleted or revised.

STATEMENT OF CONCERN (SC-11)

Commenters suggested that the use of the term “pollutants of concern” should be deleted or rede-
fined.

Other commenters suggested that the definition of "pollutants of concern” was too limiting since it is
tied to a finite list of compounds on EPA's Technical Development Document for the Effluent Limita-
tions Guidelines and Standards for the Oil and Gas Extraction Point Source Category (June 2016),
specifically all pollutants for produced water listed in Tables C-11, C-13, C-15, C-17, and C-19. They
recommended the use of the term “current pollutants of concern” rather than “pollutants of concern”
to acknowledge gaps in data and the need for regular updates of the EPA list.

RESPONSE (R-11)

The definition of “pollutants of concern” is used specifically in Section 440.5 which has been with-
drawn. The definition of “pollutants of concern” has been deleted in Section 440.2. See also, response
to SC-8 above.

STATEMENT OF CONCERN (SC-12)

Commenters suggested that the term “high volume hydraulic fracturing” should include non-water-
based fluids.

RESPONSE (R-12)

Currently, practically all high volume hydraulic fracturing is performed using water-based fluids. It
is recognized that other fluids and other methods may be used now and in the future to perform
hydraulic fracturing. The DRBC manages the water resources of the Basin in accordance with its
Comprehensive Plan. Based on its extensive scientific and technical analysis, DRBC determined that
the risks, vulnerabilities and impacts of HVHF would likely impair the uses of water resources in
accordance with the Commission’s Comprehensive Plan. To date, DRBC has not made a similar de-
termination for hydraulic fracturing using non-water-based fluids. Accordingly, the rules address
only the prohibition of high volume hydraulic fracturing using water-based fluids only. Any
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undertakings that involve the use of other fluids or methods may be considered for review by the
Commission pursuant to the Compact and existing regulations if they are projects having a substan-
tial effect on the water resources of the Basin. Considering potential advances in technology, such
projects would be considered on a case by case basis.

The definition of high volume hydraulic fracturing has not been revised to include non-water-based
fluids.

2.3 Rule Section 440.3 — High Volume Hydraulic Fracturing

2.3.1 Basis and Background Documents

2.3.1.1 U.S.EPA Reports

In December 2016 the United States Environmental Protection Agency (“EPA”) completed a multi-
year comprehensive study entitled Hydraulic Fracturing for Oil and Gas: Impacts from the Hydraulic
Fracturing Water Cycle on Drinking Water Resources in the United States (U.S. EPA, 2016a). The Com-
mission generally agrees with EPA’s findings and conclusions and has relied in part upon the 2016
report and other reports prepared by the EPA as one of the bases for the proposed rules as noted in
the notice of rulemaking. Commenters on the draft rule offered interpretations of the 2016 EPA re-
port that differ from the Commission’s and expressed both opposition and support for DRBC'’s reli-
ance on EPA’s study. Paraphrased comments and DRBC responses concerning the EPA report are
provided in this section.

STATEMENT OF CONCERN (SC-13)

Many commenters suggested that the 2016 EPA study provides scientific evidence that fracking ac-
tivities can impact and have impacted drinking water resources.

Many other commenters maintained that the 2016 EPA study constitutes evidence that technological
advances, improved state and federal regulations, and operator compliance are sufficient to protect
and preserve drinking water resources.

Some commenters alleged that DRBC has improperly relied on EPA’s reference to “uncertainties
[that] precluded a full characterization of the severity of impacts,” while ignoring what these com-
menters view as fundamental: that EPA spent several years and several millions of dollars and em-
ployed hundreds of professionals in an effort that in the commenters’ view failed to find evidence
that hydraulic fracturing conducted on millions of wells over decades had a quantifiably severe im-
pact on water resources.

Others suggested that the DRBC is misrepresenting the EPA study results in order to abscond with
the mineral rights of Basin residents.

The Marcellus Shale Coalition (“MSC”) commented that by focusing on “the mechanisms by which
hydraulic fracturing could potentially impact water resources, [the DRBC] failed to note specific
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evidence contained within the [2016 EPA] report that demonstrated both the rarity of impacts and
low severity of impacts that have actually occurred.” (MSC, 2018, p. 9 (tech.)(emphasis in original)).
The MSC pointed out that “For a sense of scale, approximately 25,000 to 35,000 wells were hydrau-
lically fractured in the United States between 2011 and 2014” and that “[a]fter reviewing over 3,000
sources of information over six years, with multiple public engagements and outside technical re-
views, the EPA was not able to determine that hydraulic fracturing had caused widespread or sys-
temic impacts to drinking water supplies in the United States—Ilet along [sic] any impacts to drinking
water supplies. Nearly 8,000 of these wells were located in the Commonwealth of Pennsylvania, yet
the DRBC failed to rely upon any of this experience to inform its seemingly foregone conclusion to
prohibit so-called HVHF.” Id. (emphasis in original).

RESPONSE (R-13)

The following excerpt from the Executive Summary of U.S. EPA (20164, pp. ES-3-4) sets forth the
report’s conclusions in part:

The hydraulic fracturing water cycle describes the use of water in hydraulic
fracturing, from water withdrawals to make hydraulic fracturing fluids,
through the mixing and injection of hydraulic fracturing fluids in oil and gas
production wells, to the collection and disposal or reuse of produced water.
These activities can impact drinking water resources under some circum-
stances. Impacts can range in frequency and severity, depending on the com-
bination of hydraulic fracturing water cycle activities and local- or regional-
scale factors. The following combinations of activities and factors are more
likely than others to result in more frequent or more severe impacts:

e Water withdrawals for hydraulic fracturing in times or areas of low water
availability, particularly in areas with limited or declining groundwater
resources;

o Spills during the management of hydraulic fracturing fluids and chemicals
or produced water that result in large volumes or high concentrations of
chemicals reaching groundwater resources;

e Injection of hydraulic fracturing fluids into wells with inadequate me-
chanical integrity, allowing gases or liquids to move to groundwater re-
sources;

e Injection of hydraulic fracturing fluids directly into groundwater re-
sources;

e Discharge of inadequately treated hydraulic fracturing wastewater to sur-
face water resources; and

e Disposal or storage of hydraulic fracturing wastewater in unlined pits, re-
sulting in contamination of groundwater resources.
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The above conclusions are based on cases of identified impacts and other data, information, and anal-
yses presented in the report. Cases of impacts were identified for all stages of the hydraulic fracturing
water cycle. Identified impacts generally occurred near hydraulically fractured oil and gas produc-
tion wells and ranged in severity, from temporary changes in water quality to contamination that
made private drinking water wells unusable (U.S. EPA, 20164, p. ES-3-4). DRBC agrees with EPA’s
conclusions, and elsewhere in this response to comments references multiple studies published since
2016 that reinforce these conclusions.

EPA reported data gaps and uncertainties as factors which limited comprehensive analysis of the
risks and impacts to drinking water resources associated with HVHF. The EPA properly took these
limitations seriously and the Commission does as well. The Executive Summary of the EPA’s report
includes the following statement:

[S]ignificant data gaps and uncertainties in the available data prevented us
from calculating or estimating the national frequency of impacts on drinking
water resources from activities in the hydraulic fracturing water cycle. The
data gaps and uncertainties described in this reportalso precluded a full char-
acterization of the severity of impacts.

(U.S.EPA, 20164, p. ES-4).
With respect to locational uncertainties, the report states:

In general, comprehensive information on the location of activities in the hy-
draulic fracturing water cycle is lacking, either because it is not collected, not
publicly available, or prohibitively difficult to aggregate. This includes infor-
mation on the:

e Above- and belowground locations of water withdrawals for hydraulic
fracturing;

o Surface locations of hydraulically fractured oil and gas production wells,
where the chemical mixing, well injection, and produced water handling
stages of the hydraulic fracturing water cycle take place;

e Belowground locations of hydraulic fracturing, including data on frac-
ture growth; and

e Locations of hydraulic fracturing wastewater management practices, in-
cluding the disposal of treatment residuals.

(US. EPA, 2016a, p. ES-44).

The contentions of some commenters concerning mineral rights are addressed elsewhere in this doc-
ument. See in particular, Section 2.6.10, Other Legal Comments.
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STATEMENT OF CONCERN (SC-14)

Commenters noted that the EPA made no recommendations to ban hydraulic fracturing.

RESPONSE (R-14)

The purpose of U.S. EPA, 2016a was not to make policy recommendations, and it did not do so. How-
ever, the Executive Summary states, “The scientific information in this report can help inform deci-
sions by federal, state, tribal, and local officials; industry; and communities.” DRBC is using this report
and numerous other sources of information to inform its decision making.

STATEMENT OF CONCERN (SC-15)

Commenters suggested that the June 2015 Draft EPA Assessment Report conclusion of "no systemic
widespread impacts from hydraulic fracturing” was accurate. EPA should not have reversed its orig-
inal position.

RESPONSE (R-15)

EPA released the draft report to its Science Advisory Board (SAB) for public comment and peer re-
view on June 4, 2015. In aletter dated August 11, 2016, the SAB found that:

...the EPA did not support quantitatively its conclusion about lack of evidence
for widespread, systemic impacts of hydraulic fracturing on drinking water
resources, and did not clearly describe the system(s) of interest (e.g., ground-
water, surface water), the scale of impacts (i.e., local or regional), nor the def-
initions of “systemic” and “widespread.” (U.S. EPA SAB, 2016, p. 2).

The SAB’s recommendation was supported by 26 of the 30 members on the panel (U.S. EPA SAB,
2016, p. 2). In January 2017 in response to this and other comments submitted to EPA by the SAB,
the agency prepared a Response to the U.S. Environmental Protection Agency’s Science Advisory Board
Review of the Draft Report Assessment of the Potential Impacts of Hydraulic Fracturing for Oil and Gas
on Drinking Water Resources (U.S. EPA, 2017). The agency’s response to this comment, in part, was:

Statements of major findings included in the Executive Summary and else-
where in the final Assessment Report have been revised for clarity. We have
also revised the Executive Summary and the technical chapters (Chapters 4-
9) to more clearly link statements of major findings to observations and data
that support those findings.

In particular, the SAB expressed concerns about the sentence "We did not find
evidence that these mechanisms have led to widespread, systemic impacts on
drinking water resources in the United States" and recommended that EPA
clarify and provide quantitative support for this conclusion. We note that the
majority of SAB reviewers, but not all, held this view. EPA scientists carefully
considered the SAB's recommendation and concluded that the sentence could
not be quantitatively supported given the existing data gaps and
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uncertainties. Additionally, as noted by the SAB, the sentence was interpreted
by readers and members of the public in many different ways, which showed
that it did not clearly communicate the findings of the draft report. As a result,
this sentence was not included in the final Assessment Report.

(U.S. EPA, 2017, pp. 164-165).

STATEMENT OF CONCERN (SC-16)

Several commenters stated that EPA had confirmed that the overall incidence of actual impacts is
low.

RESPONSE (R-16)

The EPA report did not make a representation regarding the frequency and severity of impacts on
drinking water resources nationally. Rather, the Executive Summary section of U.S. EPA (20164, p.
ES-4) stated:

The available data and information allowed us to qualitatively describe fac-
tors that affect the frequency or severity of impacts at the local level. However,
significant data gaps and uncertainties in the available data prevented us from
calculating or estimating the national frequency of impacts on drinking water
resources from activities in the hydraulic fracturing water cycle. The data
gaps and uncertainties described in this report also precluded a full charac-
terization of the severity of impacts.

Chapter 10 of the report, “Synthesis” contains a review of the frequency and severity of potential
water resource impacts based upon localized data. These data support the conclusions set forth in
the Executive Summary, which are quoted at length earlier in this response.

STATEMENT OF CONCERN (SC-17)

Commenters suggested that the EPA study did not include any information about industry best prac-
tices to prevent spills, did not quantify risk or provide severity information, and did not include any
substantive discussion of how hydraulic fracturing is regulated by states.

RESPONSE (R-17)

U.S. EPA (2016a) did not include a detailed analysis of how hydraulic fracturing is regulated in each
state. EPA limited itself to collecting data and information on the frequency and severity of the im-
pacts to water resources, using empirical evidence from each stage of the hydraulic fracturing water
cycle.

Specifically, the Executive Summary states:

Although no attempt was made to identify or evaluate best practices, ways to
reduce the frequency or severity of impacts from activities in the hydraulic
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fracturing water cycle are described in this report when they were reported
in the scientific literature. Laws, regulations, and policies also exist to protect
drinking water resources, but a comprehensive summary and broad evalua-
tion of current or proposed regulations and policies was beyond the scope of
this report.

(US. EPA, 2016a, p. ES-11).

The evidence set forth in EPA’s report makes clear that notwithstanding industry best practices and
updated regulations in many states, impacts to water resources may occur and have occurred at
every stage of the hydraulic fracturing water cycle.

STATEMENT OF CONCERN (SC-18)

Commenters suggested that DRBC did not rely upon any of the Pennsylvania experiences in the EPA
report to inform its seemingly foregone conclusion to prohibit HVHF.

RESPONSE (R-18)

In its consideration of how best to address HVHF within the Basin, DRBC relied in part upon the sci-
ence-based data, methods and conclusions of the 2016 EPA Final Report, including all experiences in
Pennsylvania detailed in that report. Case studies and data from the Marcellus Shale region of Penn-
sylvania are used throughout the EPA report and contribute to the conclusions noted in the report.

STATEMENT OF CONCERN (SC-19)

Commenters stated that the EPA study did not find any significant correlation between hydraulic
fracturing and impaired water resources.

RESPONSE (R-19)

The EPA report did not evaluate the “impairment” of water resources. The focus of the study was
impacts to drinking water resources. Impairment is an EPA term related to the Clean Water Act and
was not a subject of the study.

STATEMENT OF CONCERN (SC-20)

Commenters suggested that there are reputable studies by government agencies and academic insti-
tutions other than EPA that conclude that hydraulic fracturing is not a threat to drinking water re-
sources.

RESPONSE (R-20)

Several commenters stated that multiple studies have concluded that hydraulic fracturing is not a
threat to water resources. Comments submitted by the American Petroleum Institute (API) in par-
ticular state that: “there are a host of reputable studies by government agencies and academic
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institutions, coupled with empirical evidence, that lead one to firmly conclude that hydraulic fractur-
ing is not a threat to drinking water resources.” (API, 2018, p. 6). API provided references to 20 stud-
ies by “government agencies and academic institutions” that they claim support this assertion. The
Commission reviewed each of the studies and has provided brief statements on each in Appendix 3
of this response to comments. In summary, none of the studies was comparable in scope to that
performed by the EPA. Many of the studies focused narrowly on single potential causes of contami-
nation, such as methane migration, rather than evaluating the entire hydraulic fracturing water cycle.
In some instances, the studies were not performed by government agencies or academic institutions.
Some of the cited studies were either performed by or funded by industry. The Marcellus Shale Coa-
lition (“MSC”) provided a separate, less targeted, collection.

DRBC recognizes that some individual studies have shown no or varying degrees of impact, while
other studies, some of which are discussed in this Response to Comments Document, have shown
impact. On the basis of the totality of the evidence considered by the Commissioners and staff, DRBC
has concluded that the potential for impacts on water resources in all phases of the hydraulic frac-
turing water cycle is substantial and is unacceptable within the Basin. In effect, the Commission has
determined that if HVHF were permitted in the Basin, spills and releases of HVHF chemicals, HVHF
fluids and HVHF wastewater; leaks through defective or degraded wellbore casings; migration of me-
thane and wastewater through the subsurface; and other incidents likely to be caused by HVHF ac-
tivities would be likely to pollute drinking water aquifers, groundwater and surface water and impair
the Commission’s Comprehensive Plan. Accordingly, the Commission has determined that effectua-
tion of the Comprehensive Plan compels it to prohibit HVHF for the extraction of oil and gas within
the Basin.

2.3.1.2 New York State Reports

STATEMENT OF CONCERN (SC-21)

DRBC received many comments that were either critical or supportive of the DRBC’s reliance on the
Final Supplemental Generic Environmental Impact Statement (“FSGEIS”) on [New York’s] Oil, Gas
and Solution Mining Regulatory Program (NYSDEC, 2015a) and the accompanying Public Health Re-
view of the SGEIS by the New York State Department of Health (NYSDOH) (NYSDOH, 2014) in pro-
posing regulations to prohibit high volume hydraulic fracturing (HVHF) within the Basin. Some com-
menters contended that DRBC adopted the New York State studies without conducting an assessment
of its own. Others pointed to alleged limitations of the SGEIS and questioned the validity of the New
York studies as a basis for DRBC’s action. Still others noted that the New York studies provided a
sound and justifiable basis upon which to prohibit high volume hydraulic fracturing in the Basin.
Comments representative of these various perspectives are set forth below.

FROM COMMENTERS GENERALLY OPPOSED TO THE PROPOSED RULES:

o In the proposed rulemaking, the Commission relies heavily on two specific studies to make
its claims of the risks and vulnerabilities associated with fracturing - the NYSGEIS and the US
Environmental Protection Agency's hydraulic fracturing drinking water impacts study. How-
ever, there are a series of recent reputable studies by no fewer than seven government agen-
cies and several academic institutions which support the conclusion that hydraulic fracturing
is not a major threat to drinking water.
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The DRBC has short circuited the process to gather credible and transparent health impact
information associated with fracking by relying on one politically-driven, unscientific refer-
ence - the NYSGEIS.

We implore the Commission to fiercely consider its reliance on the conclusions of the
NYSGEIS, which process did not follow the weight-of-evidence approach, as a justification to
ban hydraulic fracturing due to health concerns. It was not systematic, and it did not consider
all the lines of evidence.

The 2015 New York SGEIS should not be used as a scientific study upon which to base the
development of new regulations. The 2015 New York Final SGEIS methodology and its con-
clusions are inappropriate for use by the DRBC.

- Overall, the process used by the New York State Department of Health did not account for
how the SGEIS itself would have reduced and eliminated potential exposures. These fac-
tors would have put the data into context, recognized the limitations of the studies re-
viewed, which possibly would have led to a different conclusion.

- Furthermore, regardless of the failings of NYSDOH’s review, the review is dated and
should not be a primary resource for the DRBC in its decision making. The DRBC either
failed to review or chose to ignore sources of additional information and findings regard-
ing the activities of the unconventional natural gas industry.

Our findings raise serious questions about the NYSDOH review and DRBC's reliance on the
review to support its current proposal.

- The methodology used to conduct the NYSDOH public health review was flawed. The con-
clusions lacked reproducibility, and the process by which the Agency arrived at their con-
clusion was not transparent.

- Overall, NYSDOH did not consider how the risk mitigation and management activities rec-
ommended in the SGEIS would have reduced or eliminated potential exposures.

- New York State’s conclusions and determination to prohibit HVHF relied on a precaution-
ary approach in light of uncertainty.

FROM COMMENTERS GENERALLY SUPPORTIVE OF THE RULES:

O

The NY Department of Health concluded that the overall weight of the evidence demonstrated
the likelihood that adverse health outcomes and environmental impacts from fracking could
not be prevented, leading to the Governor's decision to ban high volume hydraulic fracturing
in the state.

After an exhaustive environmental and public health analysis, the State of New York prohib-
ited fracking. New York residents continue to be positively impacted by this historic decision.
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RESPONSE (R-21)

In considering how to regulate HVHF within the Delaware River Basin, the Commission relied in part
on the comprehensive 2016 study by the United States Environmental Protection Agency discussed
at length elsewhere in this response, as well as on the New York SGEIS and DOH analyses. It did not
rely exclusively on the New York studies as some commenters have alleged. However, the Commis-
sion believes the work performed by New York State represents a thorough, balanced and unbiased
evaluation that the DRBC could not responsibly ignore.

The comprehensive analysis that led to New York State’s ultimate determination to prohibit HVHF
began when the state, like the DRBC, saw the rapid expansion of hydraulic fracturing in the Marcellus
and Utica Shale formations and recognized the potential for natural gas development to spread rap-
idly across a large area of south-central New York before its potential impacts on public health and
the environment were fully understood. In response, the NYSDEC proactively undertook an exhaus-
tive assessment of the potential environmental impacts associated with HVHF. NYSDEC’s analysis
also included consideration of a range of regulatory standards and mitigation measures that might
be implemented to reduce potential adverse impacts of HVHF on the environment and public health.
The decision to prohibit HVHF within New York was made in part on the basis of the significant un-
certainties reported in scientific and medical studies and other literature, in the interest of protecting
public health, safety and the environment.

In response to the comments that DRBC received on its draft rulemaking, the NYSDEC provided the
following statement, based on information in New York State’s FSGEIS, concerning the process New
York employed and the findings it reached in its studies:

The public process to develop New York’s SGEIS began with public scoping
sessions in the autumn of 2008. Following this, engineers, geologists and
other scientists and specialists in all of NYSDEC’s natural resources and envi-
ronmental quality programs (Oil and Gas, Water, Solid and Hazardous Waste,
Radiation, Air, Fish and Wildlife, Lands and Forests, Office of General Counsel)
collaborated to comprehensively analyze a vast amount of information about
the proposed operations and the potential significant adverse impacts of
these operations on the environment, identify mitigation measures that
would prevent or minimize any significant adverse impacts, and identify cri-
teria and conditions for future permit approvals and other regulatory action.

NYSDEC received over 260,000 public comments, an unprecedented number,
combined, on the 2009 Draft SGEIS (dSGEIS) and the 2011 Revised Draft
SGEIS (rdSGEIS) and the associated regulatory documents which were con-
sidered before issuing its Final SGEIS (FSGEIS). NYSDEC’s environmental re-
view associated with consideration of whether to authorize high-volume hy-
draulic fracturing in New York State required extensive evaluation of the cur-
rent and developing science underlying high-volume hydraulic fracturing’s
impacts and the increasingly stringent mitigation measures to protect the en-
vironment and public health. Since the public notice of the 2009 dSGEIS, and
the subsequent rdSGEIS, NYSDEC gained a more detailed understanding of
the potential impacts associated with high-volume hydraulic fracturing and
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horizontal drilling from: (i) the extensive public comments from environmen-
tal organizations, municipalities, industry groups, medical and public health
professionals, and other members of the public; (ii) its review of reports and
studies of proposed operations prepared by industry groups; (iii) extensive
consultations with scientists in several bureaus within the NYSDOH; (iv) the
use of outside consulting firms to prepare analyses relating to socioeconomic
impacts, as well as impacts on community character, including visual, noise
and traffic impacts; and, (v) its review of information and data from the Penn-
sylvania Department of Environmental Protection (PADEP) and the Susque-
hanna River Basin Commission (SRBC) concerning events, regulations, en-
forcement and other matters associated with ongoing Marcellus Shale devel-
opment in Pennsylvania.

During the public comment period, a broad range of experts from academia,
industry, environmental organizations, municipalities, and the medical and
public health professions commented and/or provided analyses related to
high-volume hydraulic fracturing. The comments referenced an increasing
number of on-going scientific studies across a wide range of professional dis-
ciplines. These studies and expert comments highlighted that significant un-
certainty remained regarding the level of risk to public health and the envi-
ronment that would result from permitting high-volume hydraulic fracturing
in New York, and regarding the degree of effectiveness of proposed mitigation
measures. In fact, the uncertainty regarding the potential significant adverse
environmental and public health impacts has been growing over time.

The NYSDEC worked closely with the New York State Department of Health
(NYSDOH) during preparation of the SGEIS. Due to the increasing concern re-
garding high-volume hydraulic fracturing’s impacts on public health, NYSDEC,
on September 20, 2012, requested NYSDOH to conduct a review of the SGEIS
and proposed mitigation measures and advise whether they were adequate
to protect public health. On December 17, 2014, NYSDOH Acting Commis-
sioner, Howard A. Zucker, M.D., ].D. wrote to Joseph Martens, then-NYSDEC
Commissioner, regarding NYSDOH’s Public Health Review of the rdSGEIS. Dr.
Zucker indicated that NYSDOH’s Public Health Review considered, more
broadly, the current state of science regarding high-volume hydraulic fractur-
ing and public health risks. This required an evaluation of the emerging sci-
entific information on environmental public health and community health ef-
fects. This also required an analysis of whether such information was suffi-
cient to determine the extent of potential public health impacts of high-vol-
ume hydraulic fracturing activities in New York State and whether existing
mitigation measures implemented in other states are effectively reducing the
risk for adverse public health impacts.

Dr. Zucker concluded that, as with most complex human activities in modern
societies, absolute scientific certainty regarding the relative contributions of
positive and negative impacts of high-volume hydraulic fracturing on public
health is unlikely to ever be attained. In this instance, however, the overall
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weight of the evidence from the cumulative body of information contained in
the Public Health Review demonstrated that there are significant uncertain-
ties about the kinds of adverse health outcomes that may be associated with
high-volume hydraulic fracturing, the likelihood of the occurrence of adverse
health outcomes, and the effectiveness of some of the mitigation measures to
reduce or prevent environmental impacts that could adversely affect public
health.

NYSDOH advised NYSDEC that there are several potential adverse environ-
mental impacts that could result from high-volume hydraulic fracturing
which may be associated with adverse public health outcomes. These impacts
include: (1) air impacts that could affect respiratory health due to increased
levels of particulate matter, diesel exhaust, and/or volatile organic chemicals;
(2) climate change impacts due to methane and other volatile organic chemi-
cal releases to the atmosphere; (3) drinking water impacts from underground
migration of methane and/or fracturing fluid chemicals associated with faulty
well construction or seismic activity; (4) surface spills potentially resulting in
soil, groundwater, and surface water contamination; (5) surface water con-
tamination resulting from inadequate wastewater treatment; (6) earthquakes
and creation of fissures induced during the hydraulic fracturing stage; and (7)
community character impacts such as increased vehicle traffic, road damage,
noise, odor complaints, and increased local demand for housing and medical
care. As aresult, NYSDOH concluded that “until the science provides sufficient
information to determine the level of risk to public health from [high-volume
hydraulic fracturing] to all New Yorkers and whether the risks can be ade-
quately managed ... [high-volume hydraulic fracturing] should not proceed in
New York State.”

(NYSDEC, 2018).

The comprehensive New York State FSGEIS, like the 2016 EPA study, reported multiple instances of
damage to water resources associated with all stages of the natural gas development process, and
importantly, both sources emphasized the degree of uncertainty regarding potential future effects.

U.S. EPA (20164, p. ES-3) states:

Cases of impacts were identified for all stages of the hydraulic fracturing wa-
ter cycle. Identified impacts generally occurred near hydraulically fractured
oil and gas production wells and ranged in severity, from temporary changes
in water quality to contamination that made private drinking water wells un-
usable... However, significant data gaps and uncertainties in the available data
prevented us from calculating or estimating the national frequency of impacts
on drinking water resources from activities in the hydraulic fracturing water
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cycle. The data gaps and uncertainties described in this report also precluded
a full characterization of the severity of impacts.

NYSDEC (20154, pp. 1,13) asserts:

... [A] broad range of experts from academia, industry, environmental organ-
izations, municipalities, and the medical and public health professions com-
mented and/or provided their analyses of high-volume hydraulic fracturing.
The comments referenced an increasing number of ongoing scientific studies
across a wide range of professional disciplines. These studies and expert com-
ments evidence that significant uncertainty remains regarding the level of
risk to public health and the environment that would result from permitting
high volume hydraulic fracturing in New York, and regarding the degree of
effectiveness of proposed mitigation measures. In fact, the uncertainty re-
garding the potential significant adverse environmental and public health im-
pacts has been growing over time . .. Potential significant adverse impacts on
water resources exist with regard to potential degradation of drinking water
supplies; impacts to surface and underground water resources due to large
water withdrawals for high-volume hydraulic fracturing; cumulative impacts;
stormwater runoff; surface spills, leaks and pit or surface impoundment fail-
ures; groundwater impacts associated with well drilling and construction and
seismic activity; [and] waste disposal....

Additional detail regarding the risks, vulnerabilities and impacts to surface and ground water re-
sources associated with HVHF can be found in the cited reports.

Some commenters have pointed to a small number of studies that they claim show that HVHF is safe
and not a threat to water resources or the environment. These commenters seem to equate the lack
of a discernible cause-and-effect reported in a single study’s findings with a definitive determination
about HVHF activities generally, a conclusion they would apply uniformly irrespective of factors such
as locality, physiography/geology/hydrology, drilling technique, personnel qualifications, profes-
sional diligence, and adherence to best management practices and compliance with standards and
regulations, to name a few. DRBC addresses this claim in Section 2.3.1.1 (U.S. EPA Reports (R-13)
above.

The DRBC continues to monitor the growing body of research evaluating the potential impacts to
public health and the environment caused by HVHF and related activities. It has reasonably relied on
the comprehensive evaluations performed by New York State and the EPA in determining that if
HVHF were to be permitted in the Delaware River Basin, spills and releases of HVHF chemicals, HVHF
fluids and HVHF wastewater; leaks through defective or degraded wellbore casings; migration of me-
thane and wastewater through the subsurface; and other incidents likely to be caused by HVHF ac-
tivities would be likely to pollute drinking water aquifers, groundwater and surface waters of the
Basin and impair the Commission’s Comprehensive Plan. The Commission’s policy response - the
imposition of a ban on HVHF in the Basin - is the one in its view that is required for the Commission
to fulfill its responsibilities under the Delaware River Basin Compact.
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2.3.2 Significant Risks to Water Resources

The Commission recognizes that risks to water resources arise not only during the relatively short-
term well completion stage in the process of hydraulically fracturing the target rock formation, but
throughout the life cycle of a natural gas production well. The HVHF-related activities, including wa-
ter acquisition, chemical mixing, well injection, produced water handling, and wastewater disposal
and reuse comprising what EPA has called “the hydraulic fracturing water cycle” (U.S. EPA, 2016a,
p.1-4), all carry such risks. The Commission’s rulemaking considers the totality of the risks from
HVHF-related activities, which are described in this section.

2.3.2.1 Water Use

STATEMENT OF CONCERN (SC-22)

Commenters stated that there is a finite amount of water on our planet, and when water is used for
hydraulic fracturing, particularly in deep geologic formations, most of it is permanently removed
from the hydrologic cycle and locked away in the rock formations into which it was injected. EPA and
others have reported that 80-90 percent of fluid used in the hydraulic fracturing process is fresh
water, and that roughly 70-90 percent of injected water is permanently lost to the water cycle. The
small portion of injected water that is returned to the hydrologic cycle after hydraulic fracturing is
highly polluted. The volume of fresh water required to fracture a well is said to be increasing.

RESPONSE (R-22)

The Commission concurs that the majority of water used for hydraulic fracturing is permanently re-
moved from the hydrologic cycle. A review of current information for high volume hydraulic fractur-
ing (HVHF) projects in the Susquehanna River Basin (“SRB”) shows that 70-90 percent of fluid used
to hydraulically fracture wells in the Marcellus and Utica Shales is “freshwater.” The long-term av-
erage (2008-2016) in the SRB is approximately 83 percent (SRBC, 2018). SRBC’s most recent re-
ported data indicates that the annual quantity of flowback reported as reused and injected into new
wells (replacing freshwater) has remained relatively steady since 2014, at 15 percent or greater
(SRBC, 2020).

Based upon a review of recent data for activity in Pennsylvania, the Commission agrees that the vol-
ume of freshwater used in each hydraulic fracturing event is increasing (Kondash et al, 2018; PADEP,
2018b). This observation is confirmed by industry sources. An analysis of FracFocus data from 2013-
2017, performed by ALL Consulting, LLC (“ALL”) at the request of the American Petroleum Institute,
found an increasing trend annually for water used per fracturing event. ALL relied for its conclusion
on data for both Marcellus and Utica Shale wells (ALL Consulting, 2018, Exhibit 21). See Figure 11,
below.
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EXHIBIT 21: AVERAGE ANNUAL TOTAL BASE WATER VOLUME BY YEAR
(FrRACFOCUS DATA 2013-2017)

AVERAGE ANNUAL TOTAL BASE WATER VOLUME
WALLWells  ® Marcellus Only  m Utica Only
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Figure 11: API Exhibit 21, Base Water Volume by Year

ALL also performed a subset analysis for the Pennsylvania counties closest to the DRB in which nat-
ural gas development is occurring—Bradford, Sullivan, Susquehanna and Wyoming (ALL Consulting,
2018, Exhibit 22). See Figure 12, below. ALL’s findings included the following:

e The CY 2013 average water used per event in PA was 7.46 MG.

e The CY 2014 average water used per event in PA was 10.67 MG.
e The CY 2015 average water used per event in PA was 12.87 MG.
e The CY 2016 average water used per event in PA was 12.87 MG.
e The CY 2017 average water used per event in PA was 16.04 MG.

EXHIBIT 22: AVERAGE ANNUAL TOTAL BASE WATER VOLUME BY COUNTY
(FRACFOCUS DATA 2013-2017)
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Figure 12: API Exhibit 22, Base Water Volume by County
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STATEMENT OF CONCERN (SC-23)

Commenters stated that the Supplementary Information provided by DRBC did not compare water
acquisition volumes for hydraulic fracturing to water acquisition volumes for other industries or ac-
tivities currently present and active within the DRB. The potential consumptive water use require-
ments for natural gas development at full build-out, compared to other water uses within the Basin,
are relatively minor. For example (from the commenters), nuclear power uses more than 10 times
the amount of water that would be used for natural gas development; golf course maintenance uses
more than 20 times the amount; and thermoelectric power generation and agriculture use more than
45 times the amount. In the Susquehanna River Basin, the average daily consumptive usage rate for
the oil and gas industry is similar to the rate for manufacturing-related activities and recreational
water uses, and much lower than the rate for electric power generation.

RESPONSE (R-23)

Since the proposed regula-
tions  prohibit = HVHF
within the Delaware River
Basin, a build-out analysis
of well pads, natural gas
wells and corresponding
water use for HVHF activi-
ties within the Basin was
not conducted. As dis-
cussed in Section 2.6.6
(Economic Impacts) of this
Comment and Response
Document, two comment-
ers provided estimates of
the HVHF well and well
pad development poten-
tial in the Basin; however,
the Commission found the
commenters’ assumptions
to be seriously flawed.

The Commission compiles
water usage for approxi-
mately 26 different sec-
tors. Table 1 shows calen-
dar year 2016 Delaware
River Basin water use data
for each. Also included in
Table 1 is the amount of
water used for activities
related to natural gas

Water Use Sector

Total Annual
Withdrawals (mgd)

Total Annual
Consumptive Use (mgd)

Thermoelectric 3,791.7 95.7
Public Water Supply 1,003.1 100.3
Refinery 423.8 13.0
Hydroelectric 244.9 7.3
Industrial 164.4 14.4

Self Supplied Domestic Water 117.0 11.7
Agriculture 78.2 70.4

Mining 49.1 10.3

Nursery 38.4 34.5

Fish Hatchery 17.8 0.9
Golf/CC 8.3 7.4
Non-Agricultural Irrigation 5.0 4.5
2016 SRBC Natural Gas Water Use 3.9 3.7
Commercial 2.9 0.3

Prison 2.9 0.3
Ski/Snowmaking 2.4 0.5
Bottled Water 1.6 13
Remediation 13 0.1
Groundwater Remediation 1.2 0.1
Military 1.2 0.1
Parks/Recreation 1.1 0.0
School 0.8 0.1

Other 0.6 0.1
Hospital/Health 0.5 0.1
Hotel/Resort 0.1 0.0

Fire 0.0 0.0

Total 5,962.3 377.2

Table 1: Water Use by Sector - 2016
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development in the Susquehanna River Basin (“SRB”) during calendar year 2016 (3.9 mgd), furnished
by SRBC. Water usage for natural gas development in the SRB is likely greater than the potential use
for HVHF in the Delaware River Basin because of the differences between the two basins in total
acreage underlain by the Marcellus and Utica Shales and due to distinct geologic characteristics.

The total water used for hydraulic fracturing and related activities in the SRB in 2016 was similar to
that for each of several water use sectors in the DRB, including "Commercial," "Prisons," and
"Ski/Snowmaking." The consumptive use of water for natural gas activities in the SRB is similar to
that for "Non-Agricultural Irrigation" in the DRB and much lower than that for "Thermoelectric”
power generation, which is the largest total water use in the DRB and among the largest consumptive
uses.

One unique attribute is that the water used for high volume hydraulic fracturing activities differs
from existing water uses within the Delaware River Basin in that the majority (~90 percent) of water
used is completely removed from the hydrologic cycle. To our knowledge, there aren’t any other
similar water usage sectors which result in water almost entirely removed from the hydrologic cycle.
Existing consumptive uses of water in the Delaware River Basin are still part of the hydrologic cycle.
For example, thermoelectric facilities in the Delaware River Basin evaporate water that is consump-
tive to the DRB, but that water vapor is still a part of the hydrologic cycle and can fall as rainfall
elsewhere around the world.

Although the Commission did not develop an estimate of water needs for HVHF in the Delaware River
Basin, an order of magnitude estimate of water usage from HVHF activities in the SRB makes clear
that larger total water uses and consumptive water uses exist in the DRB. That said, the Delaware
River Basin water supply objectives and flow management operations can be impacted by consump-
tive uses, including high volume hydraulic fracturing, during periods of low flow and drought. With-
drawals from headwater or small order streams present challenges in terms of pass-by flow require-
ments, interruptible service and potential consumptive use make up. These are discussed in Section
2.3.3.2, Significant Impacts to Water Resources - Surface Waters and Aquatic Life, below. Withdraw-
als for consumptive use can impact downstream water availability and the management of salinity
in the Delaware Estuary, where public water supply intakes for the City of Philadelphia and for alarge
New Jersey purveyor, among others are located. In addition, during periods of low flow and drought,
withdrawals in the drainage area above the USGS gage in the Delaware River in Montague New Jersey,
and not returned to that drainage area, may increase the mandatory compensating releases from the
NYC Delaware River Basin reservoirs under the 1954 Supreme Court Decree and thereby diminish
available public water supply storage. The Flexible Flow Management Program is discussed in Sec-
tion 2.3.4.3 below.

STATEMENT OF CONCERN (SC-24)

Commenters note that the water usage volume per HVHF well, as estimated by DRBC in its Notice of
Proposed Rulemaking, is inaccurate. Due to the lengthening of well bores, the average water usage
range of 5-10 million gallons per well has increased to 10-20 million gallons per well. Commenters
noted that high volume hydraulic fracturing operators in the Appalachian Basin are using signifi-
cantly more water per linear foot of well than in the past due to changes in the characteristics of
HVHF (horizontal bores are now curving away from the vertical well bore at shallower depths
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resulting in less interference with other horizontal bores), the capacity of each well is multiplying.
Overall, the potential impact of water depletion to meet the increased capacity has at least doubled
and the trend is for the demand to continue to increase per well drilled, making the impacts greater.

RESPONSE (R-24)

Emerging trends in water usage for HVHF confirm both that horizontal laterals appear to be increas-
ing in length and that the average volume of water used per hydro-fracture event is increasing in both
the Marcellus and Utica formations (Kondash et al, 2017). The increase in water use may be attribut-
able to the longer laterals, as well as to other operational changes.

In the SRB, from 2010 to 2018, total water use per well increased from an average of approximately
4 million gallons (mgal) to 12 mgal. SRBC reported that hydraulically fractured wells in Pennsylvania
used, on average, about 3 times as much water in 2018 than they did in 2009, as the average length
of laterals increased from 2,200 feet to 7,000 feet. Water use per foot of well fractured also increased:
early usage was in the range of 1,000 to 1,500 gallons per foot, increasing to a range of 1,500 to 1,900
gallons per foot after 2014. Currently, an industry average for completion design is about 2,200 gal-
lons of water per linear foot. SRBC indicates that the increase in the average consumptive use amount
for hydraulic fracturing processes was evidently related to industry infrastructure build-up, technol-
ogy changes, and increasing lateral lengths of new wells (SRBC, 2020).

At the request of the American Petroleum Institute, ALL Consulting LLC performed an analysis of
FracFocus data from 2013-2017 and found an increasing trend in each year for water used per each
“HVHF treatment” in Pennsylvania. ALL relied for this conclusion on data for both Marcellus and
Utica Shale wells. ALL’s findings included the following:

e The CY 2013 average water used per event in PA was 7.46 MG.

e The CY 2014 average water used per event in PA was 10.67 MG.
e The CY 2015 average water used per event in PA was 12.87 MG.
e The CY 2016 average water used per event in PA was 12.87 MG.
e The CY 2017 average water used per event in PA was 16.04 MG.

The ALL analysis found that for CY2017, the average volume of water used to hydraulically fracture
a Pennsylvania well in the Marcellus formation was 16.11 MG per event and in the Utica Formation
was 19.92 MG per event. The Pennsylvania Department of Environmental Protection’s 2018 Oil and
Gas Annual Report states that a typical unconventional gas well uses about 15 - 20 million gallons of
hydraulic fracturing fluid to produce natural gas (PADEP, 2018b).

STATEMENT OF CONCERN (SC-25)

Commenters stated that EPA found that water withdrawals for hydraulic fracturing generally ac-
counted for less than 1 percent of total water use at the county level. The experience in Pennsylvania
shows that in many cases nearly 90 percent or more of flowback and produced water recovered from
HVHF shale gas development is recycled and reused in subsequent wells.
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RESPONSE (R-25)

Although a large portion of flowback or produced water may be recycled and reused, flowback or
produced water is a small percentage of the total amount of water that is injected into the borehole
during HVHF.

According to the EPA, freshwater accounts for 90 to 97 percent of all hydraulic fracturing fluids in-
jected into a well for the purpose of extracting natural gas (U.S. EPA, 20164, p. 3-21). EPA reports
further that produced water, or water that flows from and through oil and gas wells to the surface as
a by-product of oil and gas production over a ten-year operations period, makes up only 10 to 30
percent of the fluid that was originally injected. Accordingly, EPA estimates that 70 to 90 percent of
the water used in high volume hydraulic fracturing is permanently removed from the water cycle
(U.S. EPA, 20164, E.S. p.12, Fig ES-4(a)). The SRBC's estimate is higher. SRBC reports that approxi-
mately 96 percent of water withdrawn by the natural gas industry is consumptively used in the hy-
draulic fracturing process and that the balance of the water is consumptively used for other activities
at the drilling pads, such as well drilling, preparation of drilling muds and grout, dust control, mainte-
nance operations, and site reclamation (SRBC, 2016, p. 38). While much of the recovered produced
water is “recycled,” the only intended use for such recycled water is additional high volume hydraulic
fracturing. In other words, the recycled water is not returned to the water cycle for water resource
needs and uses protected in the Comprehensive Plan, including: drinking water; agricultural; indus-
trial; public water supplies after reasonable treatment (except where natural salinity precludes such
uses); wildlife, fish and other aquatic life; recreation; navigation; and waste assimilation.

STATEMENT OF CONCERN (SC-26)

Commenters suggested that the cumulative impact of the buildout for natural gas development
would lead to a depletion of an additional 583 billion gallons of fresh water from the Delaware River
Basin systems by 2045, based on industry projections and current rates of consumption. Accordingly,
a cumulative impact assessment is essential to developing a full understanding of the impacts of wa-
ter withdrawals and wastewater treatment for the Delaware Basin as a whole. Commenters also
questioned if the DRBC considered the effect of non-oil and gas activities on the balance between
demand/availability of water resources—including activities that use comparatively larger amounts
of water?

RESPONSE (R-26)

Since the proposed regulations prohibit HVHF within the Delaware River Basin, a build-out analysis
of well pads, natural gas wells and an accompanying estimate of total potential water use for HVHF
activities within the Basin was not performed.
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STATEMENT OF CONCERN (SC-27)

A commenter stated that DRBC's attempt to equate longer laterals for horizontal wells with greater
water demands to complete the well, implies that it's a bad thing. Instead, it is a positive technological
advance because longer laterals equal less water needed to complete the wells. It's irrelevant as long
as the withdrawal is properly regulated, managed and performed to avoid impacts to the water
source.

RESPONSE (R-27)

The volume of freshwater used in each hydraulic fracturing event is increasing. At the request of the
American Petroleum Institute, ALL Consulting, LLC performed an analysis of FracFocus data from
2013-2017 and found an increasing trend in each year for water used per each “HVHF treatment” in
Pennsylvania. ALL relied for this conclusion on data for both Marcellus and Utica Shale wells (see
Exhibit 21, reprinted above). ALL also performed a subset analysis of the four Pennsylvania counties
closest to the DRB in which natural gas development is occurring—Bradford, Sullivan, Susquehanna
and Wyoming (see Exhibit 22, reprinted above). ALL’s findings included the following:

e The CY 2013 average water used per event in PA was 7.46 MG.

e The CY 2014 average water used per event in PA was 10.67 MG.
e The CY 2015 average water used per event in PA was 12.87 MG.
e The CY 2016 average water used per event in PA was 12.87 MG.
e The CY 2017 average water used per event in PA was 16.04 MG.

According to the ALL study, the increase in base fluid volume is likely a result of longer lateral well-
bore lengths, greater depths drilled, optimization of multistage fractures, and the use of new fracture
methods.

Water use per “HVHF treatment” is increasing. Almost all water used for HVHF is consumptively
used and not returned to the hydrologic cycle. While longer laterals are undoubtedly a “technological
advance” for the oil and gas industry and improve the efficiency of fracturing fluids, the permanent
loss of greater volumes of water from the Basin through consumptive uses would serve to exacerbate
the considerable water resource management challenges the Basin currently confronts.

Commission staff concur that water withdrawals, water uses, and consumptive uses need to be
properly regulated, managed and operated in order to avoid adverse impacts to water resources and
potential impairments of the water uses designated in the Commission’s Comprehensive Plan.

STATEMENT OF CONCERN (SC-28)

A commenter stated that allowing water to be exported from the Basin for hydraulic fracturing is
precedent setting. There have been no other permitted exports of water for industrial use (except as
permitted by DRBC for food and beverage processing).
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RESPONSE (R-28)

The majority of current exports of water from the Delaware River Basin have been approved by the
Commission primarily for use as public water supplies. Exports to New York City and New Jersey
under the 1954 Supreme Court Decree are also primarily for public water supply. It is noted that
industrial water users are among the customers served by public water supply systems. After care-
fully considering the public comments received on the draft rules, the Commission is withdrawing
from consideration the draft rule provision relating to the exportation of water from the Delaware
River Basin for hydraulic fracturing and related activities (Section 440.4). The topic of water expor-
tation will be addressed through one or more separate Commission actions.

STATEMENT OF CONCERN (SC-29)

A commenter indicated that water withdrawals from small forested streams can be carefully planned
to minimize possible ecological consequences. Water-use plans can be designed to allow operators
to continuously withdraw water from a stream in a small quantity that has minimal impact on stream
flows, such as a quantity that cumulatively would not exceed about 10 percent of Q7-10* low flows
(called an uninterrupted withdrawal). Operators could also choose to withdraw larger amounts dur-
ing times of high flow.

RESPONSE (R-29)

The Commission generally concurs with this comment in that water withdrawal approvals can be
structured so that potential risks to water resources can be minimized through restrictions such as
pass-by flow requirements, interruptible service and consumptive use make up. The Commission's
existing water withdrawal approvals generally contain conditions related to drought and pass-by re-
strictions due to low stream flows, etc. Potential impacts of HVHF-related withdrawals to surface
water resources are discussed in greater detail in Section 2.3.3.2 (Significant Impacts to Water Re-
sources — Surface Waters and Aquatic Life) of this Comment and Response Document.

STATEMENT OF CONCERN (SC-30)

A commenter suggested that all water withdrawals for current industrial uses are for processes and
activities that occur within the DRB.

ResPONSE (R-30)

To date, the Commission has not approved any exportations of water solely for industrial uses. The
Commission has approved several exportations of water for public water supply systems that strad-
dle the Basin divide, which likely have some industrial use customers. The Commission is also aware
that bottled water withdrawers located within the Basin export their product outside of the Basin.
Exports to New York City and New Jersey under the 1954 Supreme Court Decree are primarily for
public water supply purposes that include industrial uses.
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STATEMENT OF CONCERN (SC-31)

Commenters stated that consumptive withdrawals with low bypass requirements will adversely af-
fect downstream conditions, especially during periods of low flow, requiring increased compensating
releases by New York City to meet the Montague flow objective. If water is withdrawn from the West
Branch of the Delaware or the Upper Delaware, there is no way to account for the loss of water and
no requirement for NYC to make up the flows.

RESPONSE (R-31)

After carefully considering the public comments received on the draft rules, the Commission is with-
drawing from consideration the provisions of such rule relating to the exportation of water from the
Delaware River Basin for hydraulic fracturing and related activities (Section 440.4). The topic of wa-
ter exportation will be addressed through one or more separate Commission actions.

WATER USE SUMMARY

After carefully considering the comments the Commission received on the impacts of water use in
the Delaware River Basin associated with high volume hydraulic fracturing, the Commission has
reached the following findings and conclusions:

o The amount of water used for each hydraulic fracturing event is increasing in both the Mar-
cellus and Utica Shale formations in Pennsylvania.

e The current water usage is estimated at 16.11 MG and 19.92 MG for each event in the Marcel-
lus and Utica Shale formations, respectively.

e The Commission expects the increasing trend in water usage to continue.

e The water usage for high volume hydraulic fracturing activities differs from existing water
usage within the Delaware River Basin in that the majority (~90 percent) of water used is
completely removed from the hydrologic cycle. Most of the water currently used in the DRB
is non-consumptive, which means it is returned to Basin waters and available for down-
stream users. Consumptive water use within the Delaware River Basin currently consists
primarily of evaporative loss, which means the consumptively used water will later fall as
precipitation and be available for use somewhere, if not within the Basin. The Commission is
not aware of any other water use sector which completely removes water from the hydrologic
cycle.

The Delaware River Basin water supply objectives and flow management operations can be signifi-
cantly impacted by consumptive uses, including that associated with high volume hydraulic fractur-
ing, during periods of low flow and drought. Withdrawals for consumptive use may impact down-
stream water availability and the management of salinity in the Delaware Estuary, where public wa-
ter supply intakes for the City of Philadelphia and a large New Jersey purveyor, among others are
located, and may impact mandatory compensating releases from NYC Delaware River Basin reser-
voirs.
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Risks to water resources associated with the acquisition of water from the environment are primarily
related to the location, timing and size of the withdrawal. In the absence of constraints on the timing
and location of large withdrawals, adverse impacts at the local scale, including diminished capacity
to assimilate contaminants, are a concern, particularly during seasonal low-flow periods. These
items are discussed in greater detail in Section 2.3.3.2, Significant Impacts to Water Resources - Sur-
face Waters and Aquatic Life.

On the basis of data for HVHF within the Susquehanna River Basin, the total water used for hydraulic
fracturing activities is not large compared to water use by other sectors in the Delaware River Basin.
However, consumptive use of such large quantities of water and permanent removal of the water
from the hydrologic cycle is unique to this industry.

Although the likelihood of impacts due to water use associated with HVHF if permitted is relatively
high, the severity of the impacts relative to other potential impacts described in this document is
relatively low, provided that adequate regulations and best practices are employed. If the potential
adverse effects of HVHF-related water use were the only water resources impact associated with
HVHEF, it would be possible to manage this activity effectively through regulation. However, in light
of the other effects discussed in this document, the impacts associated with water use contribute to
the totality of the risks and impacts that accompany HVHF and related activities. The potential for
adverse impacts to water resources associated with water withdrawals for HVHF, combined with the
totality of the risks, vulnerabilities, impacts, and uncertainties discussed throughout this comment
and response document, supports the Commission’s determination that prohibiting high volume hy-
draulic fracturing within the Delaware River Basin is required to effectuate the Comprehensive Plan,
avoid injury to the waters of the Basin as contemplated by the Comprehensive Plan and protect the
public health and preserve the waters of the Basin for uses in accordance with the Comprehensive
Plan.

2.3.2.2 Pollution from Spills

STATEMENT OF CONCERN (SC-32)

Numerous comments were submitted related to the potential impacts from HVHF-related spills on
the quality of water resources of the Delaware River Basin, including, among other things, harm to
drinking water sources (both surface and ground) and adverse impacts to surface waters in the
drainage area to waters designated by the Commission as Special Protection Waters.

This topic was addressed by numerous commenters, including but not limited to, national and re-
gional representatives of the oil and gas industry (American Petroleum Institute, Marcellus Shale Co-
alition), local industry advocates (Natural Gas Now/Thomas Shepstone), and national, regional and
local environmental advocacy groups (Damascus Citizens for Sustainability; Delaware Riverkeeper
Network; Grassroots Environmental Education; Natural Resources Defense Council; New Jersey Si-
erra Club; Pennsylvania Forest Coalition), and private citizens.
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THE FOLLOWING PARAPHRASED STATEMENTS ARE REPRESENTATIVE OF THOSE EXPRESSING OPPOSITION
TO DRAFT SECTION 440.3 OF THE RULE, WHICH WOULD PROHIBIT HIGH VOLUME HYDRAULIC
FRACTURING WITHIN THE BASIN:

o The American Petroleum Institute (API) asserted that the percentage of spills/releases com-
pared to the number of active well sites is relatively small, and predicted:

- Based on an extrapolation of limited spill /release occurrence data (2013-2017) for Sus-
quehanna County, PA, assuming 40 wells are drilled annually in the Delaware River Basin,
only 3.63 release events would occur each year.

- Any one of such releases would have less than a 0.5 percent chance of reaching “waters
of the Commonwealth.”

o According to the Marcellus Shale Coalition (“MSC”), Mr. Shepstone and some others, the sole
aspect of natural gas development that the DRBC can claim to justify a fracking ban is the risk
of accidents and spills, due to, among other things, equipment failure, human error, weather
and vandalism. These commenters protest that the Commission has not quantified the actual
risk compared to other activities conducted in the Basin.

o API stated that hydraulic fracturing operators have developed and implemented zero-dis-
charge and controlled-collection well pad containments for use in sensitive environments to
minimize the chances and consequence of hydraulic fracturing-generated wastes.

o Noting that spills of chemicals associated with hydraulic fracturing have occurred in some
states, including Pennsylvania, the MSC flagged that the EPA’s 2016 report stated with refer-
ence to studies of spills in Pennsylvania (i.e., Brantley et al, 2014 and Considine et al, 2012),
that fewer than ten spills of hydraulic fracturing additives greater than 400 gallons reached
surface water during the periods examined. The commenter added that:

- Inits own assessment of 151 spills in 11 states, EPA found that only 9 percent impacted
surface water and 64 percent impacted soil. None of the 151 spills were reported to have
impacted groundwater.

o Halliburton Energy Services, Inc. (HESI) commented that the risk profile for HVHF operations
is no different than the risk profile for other industries that routinely operate within the Ba-
sin, including chemical and pharmaceutical manufacturing, wastewater treatment plants, and
power plants. HESI added that:

- When citing the EPA's conclusion on potential impacts from the chemical mixing stage of
the hydraulic fracturing water cycle, the DRBC emphasized the potential for impacts but
failed to present any empirical evidence.

- States with robust regulation and reporting requirements, such as Pennsylvania, will rec-
ord a greater number of spills, even though the vast majority of those spills never enter
the natural environment, let alone drinking water resources.
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- The DRBC Background Document inappropriately states that chemical additives "pose a
comparatively high risk to ground and surface water quality relative to proppants and
base fluids."

- To maintain a high level of transparency with communities, companies report specific
information about fracking fluid used at each individual well via a voluntary, publicly ac-
cessible website: FracFocus.org.

COMMENTERS WHO SUPPORTED SECTION 440.3 OF THE DRAFT RULE, WHICH WOULD PROHIBIT HIGH
VOLUME HYDRAULIC FRACTURING WITHIN THE BASIN, OFFERED COMMENTS ALONG THE LINES OF
THOSE PARAPHRASED BELOW:

o Liquid wastes from oil and gas drilling, if permitted into the Delaware Basin, whether treated
at a CWT or not, will be spilled, dumped illegally, or released as the result of accidents.

o ADuke University study (Patterson et al, 2017) shows that in Pennsylvania alone, there were
1,293 spills of fracking wastewater in a ten-year period - about 130 spills each year between
2005 and 2014.

o There is ample evidence concerning the radioactivity of these shales. The DRBC should be
aware that the Marcellus Shale is highly radioactive, and other states have had difficulty
measuring and controlling these radioactive components.

o Fracking wastewaters are complex and variable, fraught with uncertainties about their com-
position, and inherently distinct from other types of wastewater for which DRBC now issues
dockets.

o The potential for contamination of ground and surface water from spills at a hydraulic frac-
turing well site is substantial and presents a significant threat. Studies show that spills and
leaks are among the most likely means of contamination from gas and oil well extraction ac-
tivities. Examination of data from four states, including Pennsylvania, found the occurrence
of one spill per every 3.2 wells.

o Due to the toxic nature and sheer volumes of HVHF wastes and produced water being gener-
ated, more than a thousand truck trips per well site may be required to remove this contam-
inated material. Thus, there are over a thousand opportunities for an accident or spill to oc-
cur, which poses a real and potentially devastating threat to the environment.

o Spills, leaks and accidental discharges are inevitable, as evidenced here in Pennsylvania in
Potter, Bradford and Tioga Counties.

o The generation, storage and transport of HVHF wastewater is already a huge issue for this

country and the burgeoning volumes will only become a bigger environmental issue over
time.
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RESPONSE (R-32)

SYNTHESIS. The comments submitted to the DRBC are representative of those made by both
industry and environmental advocates in debate over this issue nationally. Proponents of HVHF
maintain that the risks to water resources from spills associated with HVHF are negligible, or at
least no worse than the risks associated with other industrial activities. Commenters opposed to
allowing HVHF in the Basin point to documented instances of water resource contamination
caused by HVHF-related activities, including degradation of surface and groundwater caused by
spills. In addition to providing scientific evidence of impacts, scientists, including EPA study au-
thors, point to the insufficiency of available data to systematically assess the risk posed by spills
and other HVHF-related incidents. After an in-depth review of the literature and available data,
and after considering the voluminous materials submitted by commenters, the Commission has
determined that, due to the totality of the risks to Basin waters posed by HVHF-related spills and
other HVHF-related activities, prohibiting HVHF in the Basin is required to effectuate the Com-
prehensive Plan, avoid injury to the waters of the Basin as contemplated by the Comprehensive
Plan and protect public health, and preserve the waters of the Basin for uses in accordance with
the Comprehensive Plan. The potential for contamination of water resources from spills is an
important factor underlying the Commission’s decision.

That spills associated with HVHF-related activities have adversely affected water resources in
locations around the country is not in dispute. Environmental regulatory agencies of three of the
Commission’s members (the United States, New York State and Pennsylvania) and multiple peer-
reviewed journal articles have documented multiple such occurrences.

At the time of publication of EPA’s final report on the impacts of the hydraulic fracturing water
cycle on drinking water resources in December of 2016, Tom Burke, EPA science adviser and
deputy assistant administrator of the agency’s Office of Research and Development, affirmed that
“we [EPA] found scientific evidence of impacts to drinking water resources at each stage of the
hydraulic fracturing water cycle.” (Tong, 2016; Ballotpedia, 2016). EPA identified “spills during
the management of hydraulic fracturing fluids and chemicals or produced water that result in
large volumes or high concentrations of chemicals reaching groundwater resources” as among
the “combinations of activities and factors more likely than others to result in contamination of
groundwater resources.” (U.S. EPA, 20164, pp. ES-3, ES-46, 10-3, and 10-23).

The New York State Department of Health (“NYSDOH”), after reviewing the draft Supplemental
Generic Environmental Impact Statement and accompanying draft mitigation measures prepared
by the New York State Department of Environmental Conservation (“NYSDEC”), advised its sister
agency in 2014 that “surface spills potentially resulting in soil, groundwater and surface water
contamination” were among the “potential adverse environmental impacts that can result from
[HVHF] which may be associated with adverse public health outcomes.”(NYSDEC, Executive Sum-
mary, 2015, p. 2). In reliance in part on NYSDOH'’s conclusions, NYSDEC, distinguishing HVHF
from other industrial activities that entail risks from chemical spills, found:

The number of well pads and associated high-volume hydraulic fracturing ac-
tivities could be vast and spread out over wide geographic areas where envi-
ronmental conditions and populations vary. The dispersed nature of the ac-
tivity magnifies the possibility of process and equipment failures, leading to
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the potential for cumulative risks for exposures and associated adverse health
outcomes.

(NYSDEC, 2015Db, pp. 28-29). The U.S. Geological Survey, the science agency for the U.S. Depart-
ment of Interior, in its response to a request for information from the DRBC, responded in part
that:

[a]cross the Nation, surface spills and accidents of UOG [unconventional oil
and gas] wastewaters tied to wastewater disposal activities and transport
have been documented to contaminate water resources. This indicates that
there is a strong likelihood that some contamination of water resources will
occur if drilling is permitted within the Delaware River Basin (DRB).

(USGS, 2018, p. 17). The findings set forth above are based on dozens of reliable investigations,
many of which are referenced in the discussion below.

KEY FACTS AND ASSUMPTIONS ABOUT SPILLS

For the purposes of this response to comments document, “spills” are considered to be accidental,
unintended or unlawful releases of chemicals, drilling and/or fracturing fluids, flowback and pro-
duced water, and other

materlals USEd and/Or Material Type Definition Examples
generated through HVHF Flowback and Fluids that return after the pressure Flowback, flowback containing oil,
. . produced water applied during hydraulic fracturing is produced water, produced water
In 1ts 2015 StUdy Of SplllS, released containing condensate, saltwater
EPA ldentlfIEd and Fracturing fluid Fluid imjected downhole Frac sand, frac fluid [containing gel), frac
i fluid [containing WFR-55L4, WBEK-143L,
characterized HVHF-re- BIOS000), frac fluid with diesel*
. s 1 : [containing HCI, clay, stabilizer, diesel,
lated SplllS, prov@mg alist friction reducer), KCl water
of the types of Spllled ma- Chemicals and On-site materials used in hydraulic Acid, KCI," biocide (diluted), friction
: roducts fracturing fluids reducer, scale inhibiter, cross-linker (BC-
terials (see Table 2) (US. ||° = 200UC), WGALS, pe "
EPA, 20 1 Se' p 14) EPA'S Frac water Water used in hydraulic fracturing Treated frac water, untreated frac water
operations; may be recycled, treated, or
assessment found that untrested
ﬂowback/produced water Hydrocarbons Petroleum-related fluids released Diesel, oil, petroleum, condensate, gas
h through hydraulic fracturing operations well liquid
was the most common Equipment fluids Fluids from on-site equipment invelved Antifreeze, hydraulic fluid, diese
type of fluid spllled and in hydraulic fracturing activities
. Unknown Unknown which fluid type was spilled; Unknown
that such spills repre- not reported
* “Diesel” is included in both “fracturing fluid” and “equipment fluids” categories. “Frac fluid with diesel” was considered
Sented the largeSt VOlume a fracturing fluid, whereas “diesel” was placed under equipment fluids if it was related to on-site equipment.
()f Sp]]led Substances (85 " "kl is included in both “chemicals and products™ and “fracturing fluid” categories. “KCI" was considered a chemical,
whereas "KC| water” was considered a fracturing fluid.
percent) (US EPA, 20 156, ¥ unlike fracturing fluid, frac water may not include individual chemicals and/or chemical products, whereas fracturing
. fluid is expected to contain individual chemicals and/or chemical products.
p. 13). Spills can result

from, among other things, Table 2: Types of Spill Materials

human error, equipment

failure, poor management and planning, and illicit dumping. In the relevant studies and literature,
the terms “spill” and “release” are often used interchangeably. Some spills are contained, and con-
taminants do not in all instances reach the soil, groundwater or surface water. A spill may be as small
as a few gallons and relatively harmless or, depending on the toxicity of the material and its affinity
to mobilize and reach environmental receptors, it may constitute a major event that threatens or
pollutes nearby wetlands, streams or groundwater. In Pennsylvania, regulations require the self-
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reporting of spills and releases, and whether a specific spill meets the mandatory reporting criteria
historically has been open to some interpretation. Under Pennsylvania’s regulations governing un-
conventional wells, an operator or other responsible party must report the following types of events:

o A spill or release of a regulated substance causing or threatening pollution of the waters of
the Commonwealth, or

o A spill or release of 5 gallons or more of a regulated substance over a 24-hour period that is
not completely contained by secondary containment.

See, 25 Pa. Code § 78a.66(b)(1).

Many factors influence the severity of impacts on water quality due to spills and releases, including
the amount and toxicity of the spill, the topography and geology at the spill site, and the distance to
and characteristics of the receiving water.

Unless these factors are known, the impacts of an HVHF spill can be difficult to predict. Site-specific
studies of hydraulic fracturing wastewater releases highlight the role of local geology in the move-
ment of produced water through the environment. For instance, at a site in Kansas, low permeability
soils and rock caused produced water to flow over the land surface to nearby surface waters, reduc-
ing the amount of produced water that infiltrated soil. In contrast, produced water and oil from two
pits in Oklahoma flowed through thin soil and into the underlying, permeable rock. Produced water
was also identified in deeper, less permeable rock. The investigators of the Oklahoma event have
suggested that produced water moved into the deeper, less permeable rock through natural frac-
tures. These studies highlight the role of preferential flow pathways in the movement of produced
water through the environment. See, U.S. EPA, 20164, p. ES-37 (citing, Whittemore (2007) and Otton
etal (2007), respectively).

The risk of spills associated with HVHF is characterized by the dispersal of well pads across the land-
scape, the need for hundreds of truck trips - often on unpaved and/or temporary roads - to move
materials and equipment to and from these remote sites during each phase of the exploration and
extraction process, and the proximity of drilling locations to sensitive water resources, including
headwater streams and wetlands. Within the Delaware River Basin, the region underlain by natural
gas-bearing shale formations drains to portions of the non-tidal river that the Commission has clas-
sified as “Special Protection Waters” due to their exceptionally high quality, diverse aquatic life, and
value as a source of drinking water and for scenic and recreational uses. These characteristics dis-
tinguish this industry from any that has preceded it in the Basin since the onset of the industrial era.

The highly mobile and decentralized nature of unconventional oil and gas operations entails the stor-
age and use of hazardous substances throughout the landscape, often in farm fields, forests and other
relatively remote and widely distributed locations in ways that are not shared by many traditional
commercial enterprises. The dispersed location of well pads and hydraulic fracturing operations re-
quire more vehicular trips that in turn increase the probability of accidents and mishaps. The phased
nature of the activity may result in frequent turnover in personnel and varying levels of oversight.
Unconventional drilling activities involve greater inherent risk of mechanical problems than conven-
tional drilling operations (Chesapeake Energy Corp., 2016, p. 17). The scattered nature of these op-
erations, coupled with the need to transport raw materials and wastes (U.S. EPA, 20164, p. 7-40),

67



raises the potential for spills of related materials to reach and contaminate environmental receptors,
including soil, wetlands, ponds, lakes and streams, and ground water. See, e.g., Patterson et al, 2017;
Lauer et al, 2016; Maloney et al,, 2016; U.S. EPA, 20164, pp. 5-1, 5-44, 5-45; U.S. EPA, 2015¢, pp. 19-
20; PADEP, 2017d; PADEP, 2014c; Considine et al., 2012.

Finally, studies of hydraulic fracturing-related spills in the U.S., including in Pennsylvania, note limi-
tations in relevant, available data, which has led to the suggestion that spill incidents are likely under-
reported and/or not clearly or comprehensively characterized. See, Patterson et al, 2017; U.S. EPA,
2015e, p. 26; Brantley et al, 2014; Rahm and Riha, 2014. In Pennsylvania, self-reporting is required
when HVHF spills or releases meet the criteria applicable to unconventional oil and gas operations
(i.e.,, when a spill exceeds a specified volume and/or threatens to pollute “waters of the Common-
wealth”). According to PADEP staff, spill reporting requirements have evolved as industry practices,
drilling intensity, and the agency’s understanding concerning related risks and impacts developed
over time, and stringent spill reporting requirements have been in place in varying forms since 2001.
In response to criticism that whether a release meets the reporting criteria is open to interpretation,
the agency suggests that the compliance liability associated with failing to report is significant. See
PADEP, 2013a (technical guidance for spill reporting at oil and gas well sites or access roads), p. 3
(“recommended policies to avoid operator liability for failure to properly report spills and releases,”
but “not requirements”); also see, generally, PADEP, 2013b (Comment and Response Document on
technical guidance document 800-5000-01). PADEP staff have also suggested anecdotally that HVHF-
related spills may be over-reported due to the perceived legal implications that attach to inadequate
notification, and also as a subtle way that operators protest reporting guidelines perceived as overly
burdensome.

KEY SPILL STUDIES

The EPA recognized in its 2016 report on the impacts of the hydraulic fracturing water cycle on drink-
ing water resources in the United States that spills during the management of hydraulic fracturing
fluids and chemicals or produced water may result in large volumes or high concentrations of chem-
icals reaching groundwater resources, placing spills among the hydraulic fracturing activities and
factors that EPA has identified as more likely than others to result in contamination of groundwater
resources (U.S. EPA, 20153, p. ES-3). Spilled, leaked or released substances, including chemicals, ad-
ditives, flowback and produced water, associated with the hydraulic fracturing process can flow to a
surface water body or infiltrate the ground, reaching subsurface soils and aquifers (NYSDEC, 20153,
p. 6-15). Multiple incidents of this nature have been well documented by the EPA, the PADEP, the
U.S. Geological Survey, and others. See e.g., Cozzarelli et al, 2017; McLaughlin et al,, 2016; U.S. EPA,
2015e, pp- 19-20, 27; Brantley et al, 2014; and Rahm and Riha, 2014.

According to a 2014 study, a review of the PADEP’s violation database in 2012 showed that shale gas
development-related spills on land and those that impacted surface water together made up the larg-
est number of incidents of environmental concern (Rahm and Riha, 2014). Although surface water
resource impacts have been documented, site-specific studies that could be used to describe factors
affecting the frequency or severity of impacts are limited. The study authors noted:

A more recent analysis again found spills, defined as any unintended release
of fluids or waste at the surface, the most common violation type issued, with
5 to 20 violations issued for every 100 wells drilled between 2008 and
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2013.... Unfortunately, a vast majority of violation entries had insufficient
data to determine spill size, location, cause, or environmental impact. What
was clear was that some operators had better violation records than others,
and that adherence to best management practices occurred at some times,
and not others.

(Rahm and Riha, 2014)(internal citations omitted).

After several years of exhaustive study on the potential environmental and human health impacts of
HVHF-related activities and how to mitigate them, New York State determined that prohibiting HVHF
statewide was the appropriate course, in part due to the risks to water resources associated with
inadvertent releases. The environmental impacts statement upon which New York’s determination
was based found that:

Adverse impacts to water resources might reasonably be anticipated in the
context of unmitigated high-volume hydraulic fracturing due to: . .. 2) pol-
luted storm water runoff; 3) surface chemical or petroleum spills; 4) pit or
surface impoundment failures or leaks; . .. and 6) improper waste disposal.

(NYSDEC, 201543, p. 6-1). Noting the significant number of contaminants associated with HVHF op-
erations, the Finding Statement that completed New York’s environmental quality review process
further commented that “[t]hese additives and contaminants could result in significant adverse pub-
lic health and environmental impacts if spilled or released taking into account potential exposure
pathways.” (NYSDEC, 2015b, p. 12).

Chapter 5 of the Final SGEIS, informed by input from the New York State Department of Health, de-
scribed potential adverse health impacts from exposure to classes of chemicals such as petroleum
distillate products, aromatic hydrocarbons, glycols, alcohols, aldehydes, microbiocides, and other
constituents (NYSDEC, 2015b, p. 12)(referring to NYSDEC, 20154, pp. 5-67-5-72).

The SGEIS Finding Statement noted that:

Spills or releases of these contaminants can occur as a result of tank ruptures,
equipment or surface impoundment failures, overfills, vandalism, accidents
(including vehicle collisions), ground fires, improper operations and other in-
cidents. Spilled, leaked or released fluids could flow overland to a surface wa-
ter body or infiltrate the ground, reaching subsurface soils, aquifers, and
drinking water sources. These types of environmental impacts could lead to
significant and adverse public health outcomes.

(NYSDEC, 2015b, p. 12). The potential impacts associated with HVHF spills examined in the New York
State DEC’s final SGEIS included:

1) [p]otential degradation of NYC’s surface drinking water supply; 2) [p]oten-
tial groundwater contamination from the hydraulic fracturing procedure
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itself; and 3) [a]dverse impacts to the Upper Delaware Scenic and Recrea-
tional River.

(NYSDEC, 2015a, p. 6-1).

According to the U.S. Geological Survey, if HVHF is permitted, there is a strong likelihood that spill
events will occur, including in the headwaters of the Delaware River Basin, and that water resources
will be negatively affected (USGS, 2018, p. 17).

Spills pose a risk during every phase of the hydraulic fracturing process—on or near the well pad
during drilling and completion of a well; during the mixing, injection, recovery and storage of frac-
turing fluids and formation water following well stimulation activities (the most prevalent source of
HVHEF spills, according, for example, to U.S. EPA, 2015e, pp. 1, 2, 13, 15-17); and during the production
stages of shale gas development. In its 2015 study of hydraulic fracturing-related spills, the EPA de-
tailed the storage and handling issues that can lead to spills at well pad sites:

Hydraulic fracturing base fluids, most commonly water, are typically stored
in large volume tanks on the well pad. Chemicals additives can be stored on a
flatbed truck or van enclosure that holds a number of chemical totes. The most
common chemical totes are 200 to 400-gallon polyethylene containers.
Pumps and hoses are used to move the base fluid and chemical additives to a
blender that mixes the fluids. The fluid is then transferred to a manifold for
delivery to the wellhead for injection. As fluids are transferred and moved
around the well pad and through various pieces of equipment, faulty equip-
ment or human error may create opportunities for spills of the various com-
ponents of fracturing fluid.

(U.S.EPA, 2015e, p. 3)(internal citations omitted).

Spills occur during the storage and processing of materials on or near the well pad site and as a result
of blow-offs from the wellhead during drilling or production, transfers of material between pieces of
equipment through flowlines, and transport via vehicle or transmission lines. Drilling mud spills and,
if disposal wells are employed, spills associated with disposal through underground injection control
wells also are of concern (USGS, 2018, pp. 17-18; Patterson et al., 2017).

More than one thousand different chemicals are reportedly used for hydraulic fracturing across the
United States, although often between three and twelve chemicals, dependent on geology and oper-
ator, are stored, blended, and used to develop an individual unconventional well (U.S. EPA, 20164, p.
5-3; U.S. DOE, 2009, p. 61). Information on some of the chemical components, agents and additives
used in hydraulic fracturing frequently is withheld by the well operator or manufacturer as confiden-
tial business information (see more on Chemical Disclosure in Section 2.6.2). Produced water that is
generated during unconventional natural gas production possesses variable toxicity; more im-
portantly, even where the constituents are disclosed, the toxic effects of many of these substances
are unknown and critical information about their effects continues to emerge.
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CHARACTERIZATION OF SUBSTANCES THAT COMPRISE HYDRAULIC FRACTURING SPILLS

While the proportion of chemicals used in the hydraulic fracturing process is relatively small com-
pared to other components (e.g. the fluid base and proppant), the volume of chemicals and other
agents added can be significant due to the quantity of water used to fracture each well. These sub-
stances, combined with constituents present within the formation into which the fluid solution is
injected, become components of the large volumes of complex residual wastes generated in the pro-
cesses of well drilling/completion, hydraulic fracturing and production. The chemicals added to fa-
cilitate well drilling and recovery of the mineral resource include, but are not limited to, biocides,
corrosion inhibitors, friction reducers, scale inhibitors, and degreasers), and the substances and com-
pounds mobilized from the target formation include hypersaline brines and naturally occurring ra-
dioactive materials. See, USGS, 2018, p. 17; U.S. EPA, 20164, pp. 5-8 - 5-19.

Not all of the chemicals and additives used in hydraulic fracturing have been identified, and only a
subset of the identified substances have established toxicity values, according to the EPA (U.S. EPA,
20164, pp- ES-44-45, 9-1). For instance:

Of the 1,606 chemicals identified by the EPA in hydraulic fracturing fluid
and/or produced water, 173 had toxicity values from sources that met the
EPA'’s criteria for inclusion in this report. Toxicity values from these selected
data sources were not available for 1,433 (89%) of the chemicals . ... Given
the large number of chemicals identified in the hydraulic fracturing water cy-
cle, this missing information represents a significant data gap that makes it
difficult to fully understand the severity of potential impacts on drinking wa-
ter resources.

Id., pp. ES-45-46. However, depending on the concentrations and synergistic effects of chemicals
during exposure, the potential human health effects of known substances used and generated by hy-
draulic fracturing include toxicity to multiple human organs, sensitization, irritation, developmental
effects, and tumor promotion (Kassotis et al, 2018). (More on toxicity appears below.)

Following stimulation of an unconventional gas well (i.e. injection of fracturing fluids under high
pressure into the target formation), residual fluids return to the surface. Most of the fluids injected
during hydraulic fracturing remain underground, locked within the target formation. (The issue of
“consumptive water loss”—or the portion of water lost to the hydrosphere—is addressed in Section
2.3.2.1, Water Use). A fraction of the injected solution, however, returns to the surface, along with
recovered minerals, as flowback/produced water.22 Flowback commonly refers to the initial return
of fluids to the surface and consists predominantly of substances injected into the well during the
hydraulic fracturing process. In contrast, produced water refers to the material that emerges after
the initial “flowback” and during the production phase, when the targeted hydrocarbon minerals
begin to be recovered at the wellhead (AGI, 2019). For the purposes of this document, we generally

22 EPA reported that wells in the Marcellus Shale typically yield 10-30% of the injected volume as produced
water in the first 10 years after hydraulic fracturing. (U.S. EPA, 20164, pp. ES-14 (Figure ES-4(a)), ES-34, 7-1).
Thus if 16,000,000 gallons of fluid are injected, between 1.6 million and 4.8 million gallons will be returned
over that period and must be managed.
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consider flowback as a component of produced water, and references to the latter should be con-
strued as encompassing both. (Also see Appendix-2 for a glossary of wastewater terms).

The substances that return to the surface as produced water contain a complex array of chemical
compounds and minerals that include the injected base fluids, compounds formed when those fluids
react with, degrade or transform geological material underground, and formation water that may
consist of salts, metals and radioactive materials (Kondash et al, 2017; U.S. EPA, 20164, p. ES-33).
The produced water typically flows from the wellhead to on-site storage tanks, pits or lagoons before
being transported offsite (via truck, rail or pipeline) for treatment, disposal and/or discharge. In-
creasingly, produced water is being treated on- or off-site and reused for subsequent fracturing op-
erations. The Commission notes that the use of centralized impoundments to store unconventional
well wastewater is no longer allowed in Pennsylvania unless the operator has obtained a residual
waste storage permit.23

In its 2016 study, the EPA reported a range of 420,000 to 1.3 million gallons of produced water being
generated per Marcellus unconventional well in the Susquehanna River Basin (U.S. EPA, 20164, Fig-
ure ES-4a, p. ES-14).24 Rahm et al. (2013) reported that during the initial ramp-up of unconventional
natural gas development in the Marcellus Shale (between 2008 and 2011), approximately 6 million
meters3 (or nearly 1.6 billion gallons) of wastewater had been generated in Pennsylvania. In a review
of data on flowback and produced waters in six of the major unconventional oil and gas formations
in the United States, Kondash et al. report that the volume of produced water generated in the first
five to ten years of production in unconventional oil or gas wells ranges from 0.5 to 3.8 million gallons
(Kondash etal, 2017). The higher range reported by Kondash includes more recent data from several
unconventional formations around the country and thus may reflect the increasing volumes of water
being used to hydraulically fracture oil and gas wells. The volume of water injected and the flowback
and produced water returned to the surface from shale gas wells in Pennsylvania is expected to in-
crease, due in part to the industry trend of extending the lateral portion of unconventional natural
gas wells over longer distances and in part to the eventual need for longer vertical well bores to reach
deeper shale formations, such as the Utica which lies below the Marcellus formation (Kondash et al,
2018).

The USGS stated that the large volume of unconventional well production fluids, “with their complex
chemistries, present water management challenges and pose risks to water resources via surface
spills and accidents.” (USGS, 2018, p. 17)(internal citation omitted).

OCCURRENCES OF SPILLS - NATIONAL PERSPECTIVE

Chapter 5 of the 2016 EPA Report, which was based upon an earlier 2015 EPA hydraulic fracturing
spills report, provides a comprehensive assessment of hydraulic fracturing spill experiences in sev-
eral states. The objective of this review was to characterize hydraulic fracturing-related spills that

23 Under rules finalized by PADEP in 2016, waste storage pits, lagoons and impoundments are more closely
regulated (e.g. pit liners are now required) than when some of the significant HVHF spills summarized in this
section occurred; thus, at least some of the historic spills/releases described or summarized in this section
might have been prevented under current regulations.

24 U.S. EPA (2016a) shows that wells in the Marcellus formation within the Susquehanna River Basin yield less
produced water compared to unconventional wells located in the Barnett Shale in Texas.
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could reach surface or ground water resources using reported spill data obtained from selected state
and industry data sources. Data on spills that occurred between January 2006 and April 2012 were
obtained from nine states with online spill databases or from other sources. Of the spills with suffi-
cientinformation, the EPA identified 457 (approximately 1 percent) as related to hydraulic fracturing
(U.S.EPA, 2015e, pp. 1-2, 19-20; U.S. EPA, 2015g).

Based on the data it examined the EPA found:

¢ Hydraulic fracturing-related spills consisted of numerous low-volume events (up to 1,000
gallons) and relatively few high volume events (greater than 20,000 gallons).

¢ The most common material spilled was flowback and produced water, and the most common
source of spills was storage units.

e More spills were caused by human error than any other cause.

¢ There were 300 spills (66 percent of the 457 spills included in this study) in which spilled
fluids reached at least one environmental receptor. Twenty-four of these spills reached mul-
tiple environmental receptors.

¢ Soil was the most commonly reported environmental receptor, with spilled fluids reaching
soil in over half (64 percent) of all hydraulic fracturing-related spills.

¢ Spilled fluids were reported to have reached surface water in 32 hydraulic fracturing-related
spills (7 percent);

¢ The median volume per spill for these spills was 3,500 gallons, and volumes per spill ranged
from 90 gallons (5th percentile) to 45,000 gallons (95th percentile).

¢ Spilled fluids were reported as not reaching surface or ground water in 186 spills (41 per-
cent).

o Ofthe spills that reportedly reached surface water, the cumulative reported spill volume ex-
ceeded 200,000 gallons.

Subsequent studies of hydraulic fracturing spills/releases around the country reported considerably
more spill events than did the 2015 EPA study, which was narrow in scope and only looked at spills
“occurring on or near the well pad.” See, e.g. Patterson et al, 2017; Lauer et al, 2016; and Maloney et
al, 2016, all referenced separately herein. The EPA acknowledged the limitations of its study, the
effect of which substantially reduced the potential universe of hydraulic fracturing-related spills dur-
ing the study period, this way:

Because the main focus of this study was to characterize hydraulic fracturing-
related spills on the well pad that may reach surface or ground water re-
sources, the following topics were not included: transportation-related spills,
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drilling mud spills, and spills associated with disposal through underground
injection control wells.

(U.S.EPA, 2015¢, p. 1). The EPA spills report goes on to say that “[t]he 457 spills used to characterize
hydraulic fracturing-related spills were likely a subset of the total number of hydraulic fracturing-
related spills that could have been identified from the state and industry data sources.” (U.S. EPA,
2015e, p. 26).

To gain a clearer picture of hydraulic fracturing-related spill risk, Patterson et al. (2017) reviewed
spill data for four states—Colorado, New Mexico, North Dakota and Pennsylvania—where unconven-
tional oil and gas (UOG) extraction is prevalent. Patterson’s findings for these states provide an indi-
cation of possible outcomes in the Delaware River Basin. The investigators found that:

Between 2005 and 2014 there were 6648 spills reported across the four
states based on each state’s reporting requirements and our definition of UOG
wells. ... Our results exceed the number of spills found by EPA (n = 457) for
eight states between 2006 and 2012 because we included spills that occurred
during all stages of unconventional production (from drilling through produc-
tion) while EPA focused on those spills explicitly related to hydraulic fractur-
ing.

The researchers in this study also noted that 75-94 percent of the spills they identified “occurred
within the first three years of when wells were drilled, completed, and had their largest production
volumes.” Finally, the study report documented that across all four states studied, 50 percent of spills
were related to the storage or transportation of fluids.

In North Dakota, which had the greatest number of hydraulic fracturing-related spills reported by
Patterson et al. (2017) (n=4,453), spills of highly saline produced and flowback water have increased
significantly from 2006 to 2014 (Sontag and Gebeloff, 2014). Similarly, Lauer et al. (2016) report
approximately 3,900 “brine spills” from unconventional oil activity in North Dakota between 2007
and 2015 and go on to point out that such spills “are directly associated with recent unconventional
oil extraction” rather than conventional oil and gas production. A study led by the U.S. Geological
Survey (Cozzarelli et al, 2017) reported more than 8,000 spills of fluid associated with unconven-
tional drilling activity in North Dakota between 2008 and 2015. Based on its own analysis of state
regulatory data concerning hydraulic fracturing-related spills in North Dakota between 2006 and
2014, The New York Times reported that more than 18 million gallons of oil, brines and chemicals had
been spilled or leaked (Sontag and Gebeloff, 2014).

In 2015, nearly three million gallons of highly saline produced water leaked from a transmission line
into the Blacktail Creek, a small tributary of the Missouri River. As part of a study led by the U.S.
Geological Survey, geochemical and biological sampling performed downstream during remediation
efforts found numerous persistent effects, including boron and strontium concentrations and radium
activities up to 15 times greater than background levels in sediment, reduced fish survival, and es-
trogenic inhibition (Cozzarelli et al,, 2017). (The effects of this spill are discussed in greater detail in
the section on water resource impacts below). About one year after the incident, a new leak detection
system identified a leak in the same pipeline. Although crews were able to shut down the flow within
15 minutes, more than 7,000 gallons of produced water were released (Dalrymple, 2016).
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In a 2016 study of oil and gas well spills on water quality, Lauer et al. (2016) noted that:

In North Dakota, the high occurrence of OGW [oil and gas wastewater] spills
is potentially threatening the quality of surface and drinking water resources.
Since the beginning of the rise of unconventional oil extraction and hydraulic
fracturing in 2007, there have been approximately 3900 brine spills reported
to the North Dakota Department of Health by well operators. ... OGW is pri-
marily transported by pipes or trucks and stored in enclosed containers on-
site prior to disposal. ... Reported spills often occur during transport to injec-
tion sites via pipelines or during filling or emptying of storage tanks. Unlike
other areas in the U.S. where decades of conventional oil and gas exploration
have generated a legacy of contamination, ... recent OGW spills are directly
associated with recent unconventional oil extraction.

There is no evidence that the number of spills associated with the industry is declining. The explosion
at a well pad owned by XTO Energy near Powhatan Point, Ohio on February 15, 2018, damaged the
wellhead and caused the loss of control of the well for 19 days. The accident resulted in the release
of over 5,000 gallons of HVHF fluid into a tributary of the Ohio River (U.S. EPA, 2018a), an estimated
2 billion cubic feet of natural gas to the atmosphere, and the evacuation of 94 residences (DiSavino
and Palmer, 2018). Reportedly caused by a pressure buildup resulting in failure of the well casing
(Grego, 2019), the Powhatan Point incident is particularly troubling because it followed several years
of progress in the development of industry standards and best practices. In comments opposing
DRBC’s proposed rules, submitted one month after the incident, API pointed to “significant improve-
ments to system integrity, reliability, and integrated safety.” (API, 2018, pp. 1-2).

The need to manage large volumes of chemicals and production fluids in high volume hydraulic frac-
turing—including storage, transfer and handling on the well pad as well as transportation off-site for
treatment, disposal and/or reuse—creates multiple opportunities for spills.25> Based on a study of
approximately 3,900 documented unconventional oil and gas (UOG) brine spills in North Dakota,
Lauer et al. concluded that “[p]ipeline leaks made up 18 percent of the spill events and were respon-
sible for 47 percent of the spilled water by volume,” and the balance were the result of “valve/piping

25 Upon completion of hydraulic stimulation, flowback returns to the surface in large volumes at high flow rates,
requiring extensive management (Mouser, 2019, p. 12). Flowback fluids are depressurized and conveyed
through surface piping to temporary steel storage containers. In a typical example at a site in Pennsylvania
described by Mouser, twenty 21,000-gallon tanks were to be used for this purpose. Assuming 20 percent of
injected fluids in this example are returned to the surface as flowback or produced water, (4 x 106 gallons), an
estimated 500 tanker truck loads of wastewater (8,000 gallons each) would be hauled off the site for treatment
or disposal. (Id.) When flowback diminishes and production begins, Mouser explains, surface piping moves
flowback and produced water from the wellhead through gas-water separators to tanks. Initially, these are
temporary storage containers and later, permanent above-ground storage containers, which range in size from
12,600 to 42,000 gallons. Produced water is collected and managed for the remaining productive life of the well
(20-50 years). (Id.) If condensate and/or oil are co-produced with the natural gas, similar permanent storage
tanks are installed to hold liquid hydrocarbons until off-site transport (I/d., p. 13). Regarding management of
produced water on the well pad, see also, EPA 20164, p. 7-126, citing Gilmore et al., 2013 and GWPC and I0GCC,
2014 (“Failure of connections and lines during the transfer process or the failure of a storage tank can result in
a surface release of fluids”).
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connection leaks (20.5 percent of volume, 24.8 percent of frequency) and tank leaks and overflows
(14.5 percent of volume, 22.4 percent of frequency).”(Lauer et al.,, 2016 (internal citations omitted)).

In their study of the effects of spills on agricultural soil in Colorado, McLaughlin et al. found that sur-
face spills on site or during transportation were the most commonly reported causes of contamina-
tion (McLaughlin et al, 2016). Relying on the Colorado Oil and Gas Conservation Commission
(COGCC) database as the most complete in that state, they found that 838 spills were reported in
2014 alone,?6 resulting in the release of more than 660,000 gallons of flowback and produced water.
Ninety-three (93) of these spills contaminated groundwater while eight (8) contaminated surface
water. Six hundred-four (72 percent) of these spills were not contained on the well pad, suggesting
that either soil and/or water were impacted (McLaughlin et al,, 2016). The number and consequence
of spills reported by McLaughlin et al. are likely under-reported due to limitations in reporting re-
quirements to the COGCC - we address this issue under “Data Gaps and Limitations” below.

OCCURRENCES OF SPILLS IN PENNSYLVANIA

According to the EPA, 19 percent (87 0of 457) of the HF-related spills it identified for the period 2006 -
2012 occurred in Pennsylvania, based upon data retrieved from state and industry sources (U.S. EPA,
2015e, p. 10). Of the 87 reported spills in Pennsylvania,2? 59 were of “unknown” volume. The vol-
umes of the remaining spills were reported as between 5 and 7,350 gallons; and 45 of them (52 per-
cent) were reported to consist of “flowback and produced water” (U.S. EPA, 2015e, Appendix B).

Examples of reported spills in Pennsylvania include the following:

2009 - Four uncontrolled releases reached surface waters and adversely affected local fish popula-
tions (Considine et al, 2012; PADEP, 2014c):

¢ In Dimock, PA, 8,000 gallons of produced water spilled into Stevens Creek due to the failure
of a supply pipe. The contamination caused a fish kill and impacted nearby wetlands.

¢ The failure of a supply line connection resulted in a spill of 10,500 gallons of partially recycled
flowback water to Brush Run Creek, Hopewell Township, Washington County, resulting in
the death of 300 small fish.

o A failed cap on a holding tank resulted in the release of approximately 8,000 gallons of pro-
duced water into Little Laurel Creek in Clearfield County, a waterway that is heavily fished
for recreation.

¢ In Bradford County, an uncontrolled spill of up to 6,300 gallons of fracturing fluid entered an
unnamed tributary upstream from a fishery.

26 Includes spills and releases of flowback and produced water that are 1 barrel (159 L) or larger outside and
5 barrels (795 L) or larger inside well pad berms.

27 Pennsylvania regulations provide that an operator or other responsible party “shall report ... (ii) A spill or
release of a regulated substance causing or threatening pollution of the waters of the Commonwealth.....” (25
Pa. Code § 78a.66(b)1).
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2010 - The discharge of hydraulic fracturing-related wastewater from well pad containment re-
sulted in large volumes of contaminants into the air and/or onto the ground and surface waters:

A blowout at the Punxsutawney Hunt Club in Clearfield County, PA projected 35,000 gallons
of natural gas and drilling wastewater into the air and onto the ground over the course of 16
hours (Considine et al, 2012; Maykuth, 2010).

A leaking fluid containment basin and a discharging storage tank at a well pad site in Penn
Township, Lycoming County, resulted in the release of between 22,000 and 57,000 gallons of
produced water which impacted unnamed tributary to Sugar Run. Consequent sampling of
the water body revealed elevated levels of chlorides, barium, strontium, and total dissolved
solids (PADEP, 2016b).

2011 - The following incidents occurred as a result of equipment failure and/or operator error:

In Bradford County, PA on April 19, 2011, thousands of gallons of HVHF fluid flowed onto the
pad, overwhelmed containment measures and discharged into the Towanda Creek, a tribu-
tary of the Susquehanna River (Gilliland, 2011; Legere, 2011).

Equipment failure on a well pad in Tioga County on January 17, 2011, resulted in a discharge
of 21,000 gallons of production fluid within Pennsylvania State Forest lands (Detrow, 2012;
MDN, 2012).

An estimated 6,300 gallons of production fluid was discharged in Susquehanna County on
January 10, 2011, due to a valve which was left opened (Considine et al, 2012).

On October 31, 2011, an operator’s failure to contain and control hydraulic fracturing fluid
resulted in the release of approximately 16,800 gallons of diluted wastes onto the ground and
into Dunkle Run in Hopewell Township, Washington County (PADEP, 2014c).

On March 15, 2011, a storage tank valve on a well pad in Tioga County was left opened, re-
sulting in the release of 5,300 gallons of produced water into a stream carrying the state’s
“HQ” (high-quality) designation. The operator was cited for negligence and failure to report
in a timely manner. The event was considered major given the volume of the spill and the
impact on the environment (Considine et al,, 2012).

Multiple spills and leaks at a well pad, drill pit, and impoundment site during a two-year pe-
riod contaminated two springs in Washington County, Pennsylvania. See, Kiskadden v. Pa.
Dep’t of Envtl. Prot.,, EHB 2011-149-R (June 12, 2015), pp- 3-4,; 149 A.3d 380, 395 (Pa. Cmmw.
Ct. 2016).

2012 - According to PADEP, a structure designed as a freshwater impoundment pond at Phoenix Pad
S in Duncan Township, Tioga County, was instead used to store produced water from hydraulic frac-
turing operations. The pond developed multiple leaks (it was later discovered that hundreds of holes
had developed in the basin’s liner), resulting in a “significant amount of waste released by its leaking
six-million-gallon impoundment.” (PADEP, 2014a). The discharge adversely affected soils, tributaries
to Rock Run, groundwater seeps and vegetation (Williamsport Sun-Gazette, 2014; PADEP, 2017d).
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2013 - Two significant events involving the discharge of natural gas and/or production fluid in-
clude:

¢ A malfunction with equipment on a well pad in Washington Township, Wyoming County re-
sulted in the uncontrolled release of an estimated 227,000 gallons of production fluid over
approximately eighteen hours. Although the discharge was contained on-site and no related
air or water quality impacts were reported, the incident resulted in the evacuation of several
nearby residences (Cusick, 2013a; Cusick, 2013b; Legere, 2013; PADEP, 2014b).

e On April 30, at the Mazzara well in Washington Township, Wyoming County, about 9,240 gal-
lons of production water spilled outside the company’s containment area, eventually spread-
ing to fields used for livestock grazing and into the basement of a neighboring home (Hess,
2014; PennLive, 2014).

2014 - On February 11, 2014, three gas wells exploded at a well pad site in Dunkard Township,
Green County, Pa. The explosion and ensuing fire, which burned uncontrolled for several days, killed
one worker and injured another, resulted in the release of an estimated 10 to 25 million cubic feet of
gas per day over nearly two weeks as well as the discharge of production fluids for up to eight (8)
days (PADEP, 2015c; Colaneri, 2014a).

2017 - More than 63,000 gallons of natural gas drilling waste spilled into an unnamed tributary of
the Loyalsock Creek from a well site in Lycoming County. The spilled fluid was filtered and treated
“flowback” wastewater from an unconventional natural gas well following hydraulic fracturing (Fra-
zier, 2017a).

Other researchers have studied hydraulic fracturing spills in Pennsylvania. Brantley et al. (2014) con-
ducted an extensive review of available spills data from Pennsylvania between 2005 and 2013, uti-
lizing a variety of sources, including PADEP’s online database, personal field observations, PADEP
office reports, and multiple media sources. The researchers highlighted the limitations on availability
of data with respect to the occurrences, severity, and impacts of spills (a topic discussed in greater
detail below). In some cases, information about spills provided by the PADEP and the media “were
often difficult to reconcile at least in part because DEP records are generally terse with respect to the
extent of impact.” (Brantley et al., 2014). The study report goes on to note that:

If state regulator data are used to assess impact, the conclusion that emerges
for PA is that significant environmental water resource problems are occur-
ring at alow rate per well: ...~ 30 large spills were reported during the period
when N6000 unconventional gas wells were drilled and N4000 completed.. ..
In addition, the water supply contamination cases per year for both conven-
tional and unconventional energy companies decreased since 2010. On the
other hand, although the number of large spills per year associated with un-
conventional wells was small, it increased through 2012. In addition, almost
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20% of shale-gas wells in PA have received Notices of Violations, document-
ing that the frequency of small incidents is high.

(Brantley et al.,, 2014). As reported by Patterson et al. (2017) in their study of four states, Pennsylva-
nia had the second highest number of reported spills at 1,293 during the period of review (2005-
2014).

The PADEP provided DRBC with eleven years of reported spill data (2008-2018) (PADEP, 2019D).
The data show an inverse relationship between the number of unconventional wells drilled and the
number of oil and gas spills reported over the period. Specifically, while the number of new wells
drilled decreased substantially over the period, the number of spills, generally, and those which in-
volved flowback, brine and drilling fluid, specifically, increased dramatically (see Figure 13). How-
ever, PADEP officials informed DRBC that the upward trend in reported spills could reflect changes
in reporting requirements and a greater compliance/enforcement presence in the field (see Appen-
dix-4). This would suggest that reported spill incidents may have been underreported in the past.
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Figure 13: PADEP Data for 2008-2018 0il and Gas Spills at Well Sites and
Off Well Pads

RISk OF SPILLS ASSOCIATED WITH THE STORAGE AND USE OF CHEMICALS AND ADDITIVES

Some commenters suggested that the amount of chemicals injected into a well during the hydraulic
fracturing process - and thus the risks to water resources from spills - is small. Although the chemical
content of fracturing fluid may be small relative to the total volume of base fluid (water), the aggre-
gated volume and concentration of additive chemical compounds and other agents used in uncon-
ventional oil and gas development are substantial. As EPA noted, “While the overall concentration of
additives in hydraulic fracturing fluids is generally small (typically 2 percent or less of the total vol-
ume of the injected fluid), the total volume of additives delivered to the well site can be large.” (U.S.
EPA, 20164, p. ES-22). The proportion of chemicals, additives, and/or ingredients within the injected
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solution during a single hydraulic fracturing event varies depending on the site- and operator-spe-
cific factors (U.S. EPA, 20164, p. 5-3), such as characteristics of the targeted formation (e.g, rock type,
temperature, and pressure), the economics and availability of desired additives, and well operator or
service company preferences and experience (U.S. EPA, 20164, p. 5-8; GWPC and ALL Consulting,
2009; FracFocus, 2019. In its review of the FracFocus database, the EPA noted concerning the con-
centration of additive substances other than water and proppant that “Among the entire data set,
the sum of the maximum hydraulic fracturing fluid concentration for all additive ingredients reported
in a disclosure was less than 1 percent by mass in approximately 80% of the disclosures, and the
median maximum hydraulic fracturing fluid concentration was 0.43% by mass.” (U.S. EPA, 20153, p.
2).

In addition to the concentration of chemicals mixed into the injected solution during each fracturing
event, recent studies have shown a progressive increase in the total volume of fluid used to hydrau-
lically fracture unconventional natural gas wells, which in turn leads to a corresponding increase in
the quantity of chemical additives injected and the volume of wastewater generated (Kondash and
Vengosh, 2015). Wells may be fractured multiple times in order to re-stimulate and enhance mineral
recovery. Kondash et al. (2018) concluded that:

Between 2011 and 2016, water use for hydraulic fracturing and wastewater
production in major shale gas and oil production regions generally has in-
creased; although the figures for Pennsylvania are lower, the study found that
water use per well increased up to 770%, while flowback and produced water
volumes generated within the first year of production increased up to 1440%.
The steady increase of the water footprint of hydraulic fracturing over time
implies that future unconventional oil and gas operations will require larger
volumes of water for hydraulic fracturing, which will result in larger pro-
duced oil and gas wastewater volumes.

Using data from the FracFocus Chemical Disclosure Registry28 the American Petroleum Institute also
found an increasing water use trend for each “HVHF treatment” in Pennsylvania, ranging from an
average of 7.46 million gallons in 2013 to more than twice that volume, 16.04 million gallons, in 2017.
The average volume of water used per well in the deeper Utica formation was nearly 20 million gal-
lons in 2017 (All Consulting, 2018). The significance of increased water volumes per well directly
relates to a corresponding increase in the volume of water and waste constituents that return to the
surface and must be captured and properly managed, ultimately leading to the potential for a greater
amount of produced water and chemicals that can be leaked or spilled.

Before the chemical mixing stage of the HVHF process and prior to mixture with a base fluid, chemi-
cals are stored in concentrated forms on the well pad site. Based on the increasing volumes of fluid
being used to hydraulically fracture wells in Pennsylvania, the quantity of chemicals and additive
ingredients used to hydraulically fracture each well also likely have increased. USEPA reported an

28 FracFocus.org is a publicly accessible website (www.fracfocus.org) through which oil and gas production
well operators disclose information about the ingredients used in hydraulic fracturing fluids at individual wells.
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estimated range of between 3,000 and 30,000 gallons of chemicals being used for each hydraulically
fractured well between 2011 and 2013 (U.S. EPA, 20164, pp. 5-27, 28), with up to twice that amount
being stored on-site (U.S. EPA, 20164, p. 10-12). Because water use volumes per well have increased
dramatically (see Sec. 2.3.2.1 for further discussion on Water Use), the volume of chemicals and ad-
ditive agents used to stimulate a single well may be up to ten times greater than that previously re-
ported by the EPA.29 If multiple wells are fractured per site, which is typically the case, thousands to
hundreds of thousands of gallons of chemicals may be stored in vessels and containers at once or in
stages and moved around the site via pipes, hoses, and tubes during the hydraulic fracturing of these
wells (U.S. EPA, 20164, pp. ES-22; 10-12). As noted above, these storage containers are a primary
source of spills during the chemical mixing stage (although spills and releases also are attributed to
wells/wellheads, pipes/hoses/lines, equipment and impoundments). Because on-site storage vessels
often hold concentrated chemicals, spills from these containers, even in small volumes, may have
serious impacts if they reach a drinking water source. Diluted chemicals may also spill during the
chemical mixing process.

These additives may include a wide variety of biocides, corrosion inhibitors, friction reducers, and
scale inhibitors. In some cases, chemicals, additives and agents used in hydraulic fracturing opera-
tions are considered confidential business information, and their identities and properties, by law,
need not be disclosed to the public. Some commenters asserted that exemptions from disclosure pre-
sent an added risk if these substances are spilled or released. See Section 2.6.2 concerning Chemical
Disclosure Requirements.

The EPA identified 1,084 chemicals that were reported to have been used in hydraulic fracturing
fluids between 2005 and 2013 (U.S. EPA, 20164, p. ES-20). The toxicity, mobility and other properties
of these chemicals varied widely. Some of these chemicals are likely to spread quickly through the
environment with a spilled liquid while others tend to move more slowly because they bind to soil
particles. Chemicals that move slowly through the environment may act as longer-term sources of
contamination if spilled.

Again, the severity of potential impacts on water quality from chemicals released during spills de-
pends on the identity and amount of substances that reach ground or surface water resources, the
hazards associated with the chemicals, and the characteristics of the receiving water resource. Re-
garding the significance of chemical properties in influencing the potential impact of spills, EPA noted
the following:

Properties of the chemicals spilled also affect the frequency of impacts. We
identified or estimated chemical and physical properties for almost half of the
chemicals used in hydraulic fracturing fluids between 2006 and 2013 (455 of
the 1,084 chemicals). These were individual organic chemicals, not inorganic
chemicals, polymers, or mixtures. Volatility, solubility, and hydrophobi-
city/hydrophilicity are three properties, among others, affecting whether a

29 EPA’s estimated range of chemicals was based on a reported median 1.5 million gallons (5.7 million liters) of
water being used per well from 2011 through early 2013 (U.S. EPA, 20164, p. 4-1). As detailed in Sec. 2.3.2.1,
Water Use, average water use per well in Pennsylvania for unconventional Marcellus/Utica wells, combined,
was 16.04 million gallons in 2017 (All Consulting, 2018, Exhibit 21).
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spill reaches a drinking water resource (hydrophobic chemicals tend to repel
or fail to mix with water, while hydrophilic chemicals tend to mix with water).
The vast majority of organic chemicals in hydraulic fracturing fluid do not
readily volatilize or evaporate, meaning these chemicals tend to remain in wa-
ter if spilled. These chemicals also vary widely in their solubility and hydro-
phobicity/hydrophilicity, defying a general characterization. Nevertheless, of
the 20 chemicals most frequently used according to our analysis of FracFocus,
most are highly soluble and hydrophilic, meaning they will be mobile if spilled
(Chapter 5). For example, methanol, isopropanol, and ethylene glycol are all
likely to travel quickly through the environment. Thus, these chemicals may
more frequently reach drinking water because of two unrelated, yet com-
pounding factors: relatively high frequency of use in hydraulic fracturing op-
erations and relatively high mobility in the environment.

(U.S. EPA, 20164, p. 10-10).

According to the USGS, among the greatest risks of HVHF to the Basin are spills of fluids, both on a
well pad and offsite, that could potentially contaminate surface and groundwaters and cause sub-
stantial harm to drinking water supplies and ecosystems (USGS, 2018, p. 20).

Risks TO WATER QUALITY AND USES FROM SURFACE SPILLS ASSOCIATED WITH HIGH VOLUME
HYDRAULIC FRACTURING

More compelling than the number of spills, described above, is the potential impact of those spills on
waterways. Across the Nation, investigators have documented contamination of water resources re-
sulting from surface spills and accidents associated with HVHF.

In their study of UOG spills in Colorado, North Dakota, New Mexico, and Pennsylvania, Maloney et al.
related the proximity of reported spills to streams to the vulnerability of waterways. Reported spills
on well pads in the four states were on average 580 meters (1903 feet) from a stream; however,
distances between sites and streams were considerably shorter in Pennsylvania (268 meters/879
feet), and 5.3 percent of Pennsylvania spills were within required stream setbacks (30.5 meters/100
feet) (Maloney et al, 2016). In their report, Maloney et al. highlighted that Pennsylvania’s waterways
were particularly susceptible for another reason:

We found that spills in Pennsylvania occurred in watersheds with a much
higher value to surface water than the other states, a result of higher popula-
tion density and reliance on surface waters as drinking water in this area.

According to Maloney et al., 85 percent of spills in Pennsylvania occurred in watersheds which inves-
tigators classified as higher value, suggesting Pennsylvania is at greater risk for contamination of
drinking water resources as a result of HVHF-related spills, given the location of hydraulic fracturing
sites relative to freshwater resources. In instances when spills do not reach surface streams, they
may result in pollution of groundwater resources. As of September 2020, 356 instances in which
surface releases of HVHF-related substances have contaminated residential groundwater have been
documented in PA (PADEP, 2019d; also see, Drollette et al.,, 2019). For a discussion of impacts of
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HVHF on drinking water supplies, see Section 2.3.3.1, Drinking Water Resources, of this Comment
and Response Document.

Regarding the risk to water resources associated with spills and leaks of hydraulic fracturing and
production fluids, Vengosh et al. (2014) noted that “Spills or leaks of hydraulic fracturing and flow-
back fluids can pollute soil, surface water, and shallow groundwater with organics, salts, metals, and
other constituents.” In reporting on cases of suspected groundwater contamination from hydraulic
fracturing, Vengosh et al. (2014) relate:

A survey of surface spills from storage and production facilities at active well
sites in Weld County, Colorado ... showed elevated levels of benzene, toluene,
ethylbenzene, and xylene (BTEX) components in affected groundwater.

In a study of domestic drinking water wells near oil and gas fields surrounding Pavillion, Wyoming,
organic contaminants were detected, indicating migration from unlined pits that had been used to
dispose of diesel-fuel-based drilling mud and production fluids (DiGiulio and Jackson, 2016). In their
study of water impacts associated with spills of hydraulic fracturing wastes in North Dakota, Lauer
et al. (2016) state that:

Previous studies have shown contamination of local surface water resources
from unconventional oil and gas development due to the release of OGW [(oil
and gas wastewater)] to the environment in the form of (1) effluents to local
streams and rivers following inadequate treatment by water treatment facil-
ities, (2) dust suppressants and deicing agents, and (3) leaks and spills. The
release of OGW to the environment has been linked to salt, trace metal, and
NORM contamination of local surface water, shallow groundwater, and
stream sediments.

(Internal citations omitted). In a study led by the U.S. Geological Survey of the three million gallons
Blacktail Creek spill in North Dakota, Cozzarelli et al. (2017) reported:

e Samples collected during two time periods, February and June 2015, indi-
cated the presence of wastewater markers and biological impacts in the
river, which persisted for at least six months after the spill was discov-
ered.

e These impacts were quantified through analyses of radioactive element
(radium (Ra-226) and strontium) concentrations and isotopic composi-
tions, trace inorganic and organic compounds, and endocrine-disrupting
effects and bioassays with model organisms. Endocrine disrupting chem-
ical (EDC) activity bioassays showed increased estrogenicity downstream
suggesting the potential for reproductive effects.

e (Concentrations of many wastewater-derived contaminants in stream wa-
ter were several times greater than corresponding background concen-
trations.

83



e Sediment radium activity was significantly above the EPA action level for
Ra-226 in surface soils.

Additional evidence of the effects of water resource contamination from accidents and surface spills
indicative of the potential for contamination within the Delaware River Basin is provided below.

Maloney et al. (2016) noted the following examples of aquatic impacts from hydraulic fracturing
spills:

In Kentucky, an accidental release of hydraulic fracturing fluid into a stream
increased gill lesions and other indicators of stress in fish, and in Pennsylva-
nia, juvenile mussels below a brine treatment plant had lower survival rates
than mussels located above the plant. Streambed microbial diversity was
lower below an oil and gas waste injection plant in West Virginia, and water
downstream from this site had higher endocrine-disrupting activities than
reference water.

(Internal citations omitted). A study by the U.S. Geological Survey (McMahon et al, 2017) reports
that drinking water in the Eagle Ford, Fayetteville, and Haynesville Shale hydrocarbon production
areas contained low concentrations of benzene, but at relatively high frequencies in the study areas.
The highest benzene concentration detected in the water samples was 40 times lower than the fed-
eral drinking-water standard.

Grantetal. sampled 27 remotely-located streams in Pennsylvania’s Marcellus Shale basin during June
and July of 2012 and 2013. Their “results suggest fracking has the potential to alter aquatic biodi-
versity and methyl mercury concentrations at the base of food webs.” (Grant et al, 2016). The re-
searchers also note that “[f]lowback water reaching streams can directly impact stream physio-
chemistry, as well as ... limiting suitability for more sensitive taxa.” (Grant et al., 2016).

According to the United States Geological Survey, there is a strong likelihood that spills of wastewater
associated with HVHF will reach and contaminate the water resources of the Delaware River Basin if
this activity is permitted (USGS, 2018, p. 17). As discussed in Sec. 2.3.3.1, the impacts associated with
releases of untreated HVHF wastewater (from spills and subsurface migration, for example) would
likely be greater than the observed impacts from wastewater treatment plant discharges of oil and
gas wastewater where that has occurred.

RADIOACTIVITY

A key characteristic of the waste stream generated during the HVHF process is radioactivity, which
potentially represents a substantial risk to water resources, aquatic ecosystems and biota, and public
health, if spilled or released. Extremely salty brines that are remnants of ancient seawater are often
associated with organic-rich shales. The salts in shale waters reached extreme concentrations over
millions of years, and their chemical interactions with the surrounding rock can mobilize radionu-
clides. Aregional comparison of produced water salinities indicates that Appalachian Basin salinities
are relatively high compared to other oil- and gas-producing formations in the United States (Rowan
etal, 2011).
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Vidic et al. (2013) report that “The flowback and produced water from the Marcellus Shale is the
second saltiest and most radiogenic of all sedimentary basins in the United States where large volume
hydraulic fracturing is used.” In their study of radium content in oil and gas-derived produced waters,
Rowan et al. (2011) explain:

Produced water salinities from reservoirs in rocks ... in the Appalachian Basin
commonly exceed 100,000 mg/L, and far exceed the salinities of many other
oil- and gas-producing regions in the United States, including basins in Cali-
fornia, the Great Plains, and Colorado Plateau. In many basins, radium activity
is correlated with salinity, and ... salinity may be used as an indicator of ra-
dium activity. The data compiled for Pennsylvania indicate a relationship sim-
ilar to that described in other basins; total radium and Ra-226 activities are
linearly correlated with TDS [total dissolved solids].

On the point of the relationship between salinity and radioactivity, researchers have documented
that as injected fluids during hydraulic fracturing react with salts in the target shale formations (e.g.
sodium, calcium, chloride and barium), they tend to extract more of the radium from the shale and
allow it to flow to the surface (Landis et al, 2018; Renock et al,, 2016). More simply, shale formations
with relatively higher salinities, such as the Marcellus, may produce wastewaters with higher radio-
nuclide concentrations.

Radioactive elements locked deep within the Earth or exposed at the surface due to a range of natural
activity can be found in soils and in surface water, generally in trace amounts. These elements are
referred to as “naturally occurring radioactive material” (NORM). When NORM has been modified by
past or present human activities, such as through mobilization or concentration as a consequence of
hydraulic fracturing, it is referred to as “Technically Enhanced NORM” (TENORM). EPA distinguishes
NORM from TENORM as follows:

(NORM) is defined as: Materials which may contain any of the primordial ra-
dionuclides or radioactive elements as they occur in nature, such as radium,
uranium, thorium, potassium, and their radioactive decay products, that are
undisturbed as a result of human activities. . . . (TENORM) is . . . [n]aturally
occurring radioactive materials that have been concentrated or exposed to
the accessible environment as a result of human activities such as manufac-
turing, mineral extraction, or water processing

(U.S. EPA, 2008, p. ES-1).

As noted in the referenced example below, release of TENORM into the atmosphere or environment
where it can accumulate and reside for thousands of years presents a range of handling, treatment,
disposal, and exposure issues. If released or spilled through HVHF activities, the concentration and
persistence of these radioactive substances presents a threat of toxic exposure and/or ingestion by
humans and other living organisms.

Radium-226 and Radium-228, among other radioactive isotopes, are the principal radioactive agents
found in the flowback and produced water that return to the surface during hydraulic fracturing. As
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a radioactive element, radium may represent a potential health hazard if released into the environ-
ment. USGS scientists reported that:

The half-lives of the two principal isotopes of radium, Ra-226 and Ra-228, are
1,600 and 5.75 years, respectively, and approximately 10 half-lives are re-
quired for a radioactive element to decay to negligible quantities. Chemically,
radium behaves in a manner similar to calcium and is capable of bioaccumu-
lation in plants and animals. There is a significant body of research aimed at
quantification of radium uptake in crops and livestock that make up the hu-
man food chain.

(Rowan et al, 2011 (internal citations omitted)). According to the PADEP’s 2016 Technologically
Enhanced Naturally Occurring Radioactive Materials (TENORM) Study Report, sampling results of
produced water from unconventional wells sampled in Pennsylvania revealed:

¢ The average concentration of Radium-226 was 8,344 pCi/L (unfiltered) and 8,219 pCi/L (fil-
tered). The range of results was 1,520 to 26,600 pCi/L.

¢ The average concentration of Radium-228 was 986 pCi/L (unfiltered) and 985 pCi/L (fil-
tered). The range of results was 366 to 1,900 pCi/L.

For a perspective on the above concentrations, the natural background radioactivity value for Ra-
dium-226 in U.S. soil is 1.1 pCi/L (PADEP, 2016b, p. 2-16), while the EPA maximum contaminant level
(MCL) for combined Radium-266/-228 in drinking water is 5 pCi/L. See, 65 Fed. Reg. 76707 (Dec. 7,
2000).

In reporting on the observed levels of radioactivity from produced water and the threat from spills,
Pennsylvania’s TENORM study found that:

There is little potential for radiological exposure to workers and members of
the public from handling and temporary storage of produced water on natural
gas well sites.

However, there is a potential for radiological environmental impacts from
spills of produced water from unconventional natural gas well sites and from
spills that could occur from the transportation and delivery of this fluid.

(Perma-Fix, 2016, p. 9-2)(emphasis omitted).

A 2016 EPA Technical Development Document for the Effluent Limitations Guidelines and Standards
for the Oil and Gas Extraction Point Source Category also characterized oil and gas produced water
from the Marcellus Shale Formation. The radioactive constituents and concentrations identified were
as follows:

¢ The median concentration of gross alpha was 8,700 pCi/L, with an observed range of 4.7 to
24,000 pCi/L. For comparison, the DRBC water quality criterion for gross alpha is 3 pCi/L.
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¢ The median concentration of gross beta was 1,600 pCi/L, with an observed range of 0.66 to
1,700 pCi/L. For comparison, the DRBC water quality criterion for gross beta is 1,000 pCi/L.

Radium emits alpha particles, which are most dangerous when inhaled or ingested. Radium and ra-
don emit alpha and gamma rays upon their decay, which kill and mutate cells. Long-term exposure
to radium and its direct by-product, radon, internally or externally, can negatively impact human
health, leading to certain types of cancer and other disorders (e.g. anemia, cataracts, and fractured
teeth). Radium, via oral exposure, is known to cause bone, head, and nasal passage tumors in hu-
mans. Consuming radium in drinking water can cause lymphoma, bone and lung cancer, and leuke-
mias. Human exposure to radioactivity in recreational water is also a valid concern. Accidental inges-
tion, inhalation, and in some cases dermal contact with radium isotopes in contaminated water, can
have both carcinogenic and DNA-altering effects (Brugge and Buchner, 2012; ATSDR, 1990).

While not resulting from accidental spills and releases, discharges of both conventional and uncon-
ventional oil and gas production wastewaters, even following treatment, have proven problematic.
Some of the constituents, including radioactive elements, accumulate in stream sediments and can
persist for extremely long periods of time. One study found that, despite voluntary curtailment of oil
and gas extraction wastewater discharges in Pennsylvania commencing in 2011, analysis of three
discharge locations revealed significantly high levels of radioactivity compared to upstream loca-
tions. In fact, the level of radiation found in stream sediments at the disposal sites was about 650
times higher than radiation in upstream sediments. In some cases, it even exceeded the radioactivity
level that requires disposal only at federally designated radioactive waste disposal sites (Lauer et al,
2018).

Recently, elevated concentrations of strontium, an element associated with hydraulic fracturing pro-
duced water, have been found in the shells of freshwater mussels downstream from wastewater ef-
fluent discharges near the Allegheny River in Warren, PA (Geeza et al, 2018). Shells from freshwater
mussels collected upstream of oil and gas wastewater discharges and in the Juniata and Delaware
Rivers (where there was no reported history of oil and gas discharge) showed little variability and
no trends in strontium content over time (Geeza et al,, 2018). The Geeza et al. findings concluded, in
part, that contaminants associated with oil and gas wastes likely bioaccumulated in areas where
treated effluent was discharged to surface water.

For additional discussion of radioactivity in produced water, see Section 2.3.3.4, Pollution from
Wastewater Handling and Disposal. For additional discussion of water quality impacts associated
with the discharge of both conventional and unconventional wastewater from treatment plants in
Pennsylvania, see Section 2.3.3.2, Surface Waters and Aquatic Life, and specifically, response R-59.
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SPILL ToXICITY AND POTENTIAL HUMAN HEALTH EFFECTS

Human health impacts from HVHF production may result if exposure occurs due to the release of
hydraulic fracturing-related chemicals, agents, and wastewater due to spills during drilling, well
completion/stimulation, and production activities, or improper handling, storage, transport, or dis-
posal. Water resource contamination from hydraulic fracturing-related spills also presents potential
challenges for drinking water treatment since an array of chemicals and other agents present in these
wastewaters can accumulate in source waters of public water supplies and require advanced and
costly treatment or jeopardize treatment efficacy altogether. For a more detailed discussion of the
impacts of HVHF on drinking water, see the response to comments related specifically to drinking
water at Section 2.3.3.1 of this document. For additional information on the components of HVHF
wastewater, see Section 2.3.3.4 Pollution from Wastewater Handling and Disposal.

The potential for human exposure to harmful chemicals as result of spills is a cause for concern. The
EPA identified 1,606 chemicals associated with the hydraulic fracturing water cycle, including 1,084
chemicals used in hydraulic fracturing fluids, and 599 chemicals detected in produced water (U.S.
EPA, 20164, p. ES-42). The majority of these have not undergone significant toxicological evaluation,
a cause for concern in and of itself. Uncertainties in the chemical and toxicological data have con-
strained attempts to comprehensively assess the potential impacts of hydraulic fracturing on drink-
ing water resources. A 2015 report of the oil and gas industry within the State of California high-
lighted these limitations:

The effluent [i.e. produced water from stimulated wells] has not been tested
to determine if there is a measurable concentration of hydraulic fracturing
chemical constituents. If these chemicals were present, the potential impacts
to groundwater, human health, wildlife, and vegetation would be extremely
difficult to predict, because there are so many possible chemicals, and the en-
vironmental profiles of many of them are unmeasured.

(CCST, 2015a, p.7)

Nevertheless, in U.S. EPA (2016a), the agency stated that it was able to identify chronic oral toxicity
values from the selected data sources for 98 of the 1,084 chemicals that were reported to have been
used in hydraulic fracturing fluids between 2005 and 2013. Potential human health hazards associ-
ated with chronic oral exposure to these chemicals include cancer, immune system effects, changes
in body weight, changes in blood chemistry, cardiotoxicity, neurotoxicity, liver and kidney toxicity,
and reproductive and developmental toxicity. Of the chemicals most frequently reported to FracFo-
cus 1.0, nine had toxicity values from the selected data sources. Critical effects for these chemicals
include kidney/renal toxicity, hepatotoxicity, developmental toxicity (extra cervical ribs), reproduc-
tive toxicity, and decreased terminal body weight (U.S. EPA, 20164, p. ES-43). While acknowledging
the uncertainty of measured concentrations of chemicals used in hydraulic fracturing and their po-
tential effect on human health and the environment, CCST reported that:

Hydroflouric and hydrochloric acids (HF and HCI) are the acids used most of-
ten in matrix acidizing and acid fracturing in well development and stimula-
tion and all acid-related activities in oil and gas wells. Both are powerful sol-
vents that are used to dissolve rock formations and can damage mucous
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membrane and tissue through chemical contact, either in liquid or vapor
form, leading to skin burns and ulcers, lung damage, and if absorbed through
skin, can lead to death.

(CCST, 2015b, p. 690) (internal citation omitted).

Endocrine-disrupting activities are also associated with HVHF wastewater (Kassotis et al, 2018). Co-
contaminant effects, such as interactions between hydrocarbons with biocides and/or brine, should
be considered when evaluating the risk of HVHF additives and wastewater spills in order to fully
understand their potential for transport, degradation and environmental impacts in soil that may
have implications for water quality (McLaughlin et al, 2016). Despite industry “best practices” and
“zero discharge” designs and despite control regulations and state compliance efforts, small and large
volume spills are likely to occur within the Delaware River Basin if the activity were to be permitted.
See, Mouser, 2020 pp. 7-8 (citing ALL Consulting, 2018) and USGS, 2018, pp. 17, 19; also see Patterson
etal, 2017 and Maloney et al, 2016 (describing particular spill risks and data needs to assist policy-
makers in addressing continued ongoing risk).

DATA GAPS/LIMITATIONS

As discussed above, the record of hydraulic fracturing-related spills both nationally and within Penn-
sylvania leaves little doubt that such incidents would also occur in the Delaware River Basin if HVHF
were permitted here. Despite the best efforts of researchers to accurately quantify the occurrence
and risks associated with such spills, the available data are often insufficient to assess the frequency,
magnitude, and short-term and long-term environmental impacts from HVHF spills. Data gaps are a
significant limitation that prevents a more thorough understanding of the true impacts of these
events. The lack of available data was acknowledged as a major limitation in the EPA’s 2016 study on
hydraulic fracturing impacts on drinking water, in which the agency noted:

Data gaps and uncertainties limited EPA’s ability to fully assess the potential
impacts on drinking water resources both locally and nationally. Generally,
comprehensive information on the location of activities in the hydraulic frac-
turing water cycle is lacking, either because it is not collected, not publicly
available, or prohibitively difficult to aggregate. In places where we know ac-
tivities in the hydraulic fracturing water cycle have occurred, data that could
be used to characterize hydraulic fracturing-related chemicals in the environ-
ment before, during, and after hydraulic fracturing were scarce. Because of
these data gaps and uncertainties, as well as others described in the assess-
ment, it was not possible to fully characterize the severity of impacts, nor was
it possible to calculate or estimate the national frequency of impacts on drink-
ing water resources from activities in the hydraulic fracturing water cycle.

(U.S. EPA, 2016f). One study of hydraulic fracturing-related water resource impacts in Pennsylvania
found that, while the rapid emergence of shale-gas development in the Commonwealth “may have
led to relatively few environmental incidents of significant impact compared to wells drilled ... the
impacts remain difficult to assess due to the lack of transparent and accessible data.” (Brantley et al,
2014) The study’s conclusion elaborates:
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... firm conclusions are hampered by i) the lack of information about location
and timing of incidents; ii) the tendency to not release water quality data re-
lated to specific incidents due to liability or confidentiality agreements; iii)
the sparseness of sample and sensor data for the analytes of interest; iv) the
presence of pre-existing water impairments that makes it difficult to deter-
mine potential impacts from shale-gas activity; and v) the fact that sensors
can malfunction or drift. Although some waterways throughout the state are
now monitored, drilling and hydraulic fracturing of the Marcellus has pro-
ceeded so rapidly that the sampling and monitoring density is not sufficient
to document impacts over either the long term or short term, especially in
headwater streams near many well pads.

(Brantley et al, 2014). Other related studies have noted similar data limitations (including with re-
spect to Pennsylvania’s oil and gas regulatory program), which must be recognized as a significant
factor limiting a thorough and unbiased assessment of the relative safety of hydraulic fracturing (U..S.
EPA, 2016a; Konschnik and Dayalu, 2016; NYSDOH, 2014; Abualfaraj et al, 2018).

Further complicating the availability of data regarding the number and severity of hydraulic fractur-
ing-related spills, both nationally and in Pennsylvania, is the manner with which that information is
reported, catalogued, and made available to the public. Reporting requirements among the states
vary considerably with respect to how and what type of spills must be reported as well as other de-
tails such as volume, location, timing, cause of the spill and whether environmental resources (e.g.
surface or ground water) have been impacted (Patterson et al, 2017). In examining spill data in their
study of four states, Patterson et al. also noted about Pennsylvania’s oil and natural gas program da-
tabase that:

Pennsylvania’s 2001 rules required companies to report by telephone to the
Department of Environmental Protection any ‘reportable release of brine’ or
the discharge of any substance which would endanger downstream users of
water, result in or create a danger of pollution of Pennsylvania waters, or
damage property. The report had to include the location and cause of the in-
cident. 'Reportable release of brine’ was defined as ‘spilling, leaking, emitting,
discharging, escaping or disposing’ of at least 5 gallons in 24 hours of brine
containing more than 10,000 mg/L total dissolved solids (TDS), or of at least
15 gallons of brine with a lower TDS concentration. In October 2016, Penn-
sylvania’s new rules went into effect; these will require written spill reports.
Pennsylvania does not have a separate spill data set, therefore spill data for
our analysis were pulled from the Department of Environmental Protection’s
notice of violations (NOV) data-base for UOG (SI, Section B). This necessarily
limited the spill data to those where an inspector issued an NOV, possibly
leading to an underestimation of the number [of] spills in our analysis.

In their study of spills in Colorado, McLaughlin et al. noted that “...contaminations [sic] caused by
spilled fluids in Colorado are solely registered on the basis of detection of select inorganic parameters
as well as benzene, toluene, ethylbenzene, and xylenes (BTEX) and total petroleum hydrocarbons
(TPH). Other organic chemicals injected during HF are not analyzed. Consequently, spills of fresh,
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uninjected HF fluids or pure chemical products may remain undetected and unreported.” (Mc Laugh-
lin etal, 2016).

Notwithstanding the acknowledged limitations on available information about spills, Patterson et al.
found 6,648 spills between 2005 and 2014 in the four states studied compared to 457 reported by
the EPA in their review of data from eleven states between 2006 and 2012 (Patterson et al, 2017;
U.S.EPA, 2015c, p. 1, 24).

SIGNIFICANT RISkS TO WATER RESOURCES FROM HVHF SPILLS - SUMMARY

In considering the public comments on its proposed regulations, the Commission has evaluated a
decade of scientific and technical data and literature concerning HVHF and related activities. Docu-
mented risks from the scientific literature highlight the following:

e the complex chemistry of the fluids injected in large quantities into and returned from natural
gas extraction wells in shale formations;

e the carcinogenic and estrogen-disrupting properties of chemicals known to be used in HVHF
and to be present in HVHF wastewater;

o the presence of high radioactivity in the produced water recovered from HVHF wells;

o the significant impact that a single spill may have on the health of macroinvertebrates and
fish in affected streams;

e the industry’s practice of maintaining secrecy about the chemicals used to fracture HVHF
wells;

e the geographically dispersed and phased nature of HVHF, which, unlike fixed industrial pro-
cesses requires the transport of hazardous materials throughout sensitive headwater areas
considered to have high water resource values;

o the potential for multiple pathways of exposure to hazardous chemicals due to chemical or
produced water spills at or en route to (or from) well pads, potentially affecting soils as well
as ground and surface waters in the vicinity of each;

e the simultaneous trends identified in recent literature of a decline in the number of wells
drilled and an increase in the number of reported spills;

o the virtual certainty that spills covering the full range of volumes and impacts will occur
within the Delaware River Basin if HVHF were allowed here.

¢ Noting the significant number of contaminants associated with HVHF activities, the 2015
Findings Statement issued at the conclusion of New York State’s environmental quality re-
view process stated that “[t]hese additives and contaminants could result in significant ad-
verse public health and environmental impacts if spilled or released taking into account po-
tential exposure pathways.”
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e Additional research published after the publication of EPA’s final report on the impacts of
HVHF on drinking water resources in December 2016, reinforced earlier findings about the
risks to water resources posed by hydraulic fracturing-related spills.

In view of the above, the Commission has determined that if HVHF were permitted and commercially
recoverable gas were present in the Delaware River Basin, HVHF would be performed at dozens or
hundreds of well pad sites in the Basin, primarily: in rural areas dependent upon groundwater re-
sources, in sensitive headwater areas considered to have high water resource values, and in areas
draining to DRBC Special Protection Waters. Spill events covering the full range of volumes and im-
pacts would inevitably occur, involving harmful pollutants, including salts, metals, radioactive mate-
rials, organic compounds, endocrine-disrupting and toxic chemicals, and chemicals for which toxicity
has not been determined. These events would be dispersed over thousands of acres of sensitive wa-
ter resource features, in a region characterized by extensive geologic faults and fractures.

A decade of experience in other regions has shown that regulation is not capable of preventing ad-
verse effects or injury to water resources from HVHF-related spills and releases of chemicals and
hydraulic fracturing wastewater. Accordingly, the Commission has determined that controlling fu-
ture pollution by prohibiting high volume hydraulic fracturing in the Basin is required to effectuate
the Commission’s Comprehensive Plan, avoid injury to the waters of the Basin as contemplated by
the Comprehensive Plan and protect the public health and preserve the waters of the Basin for uses
in accordance with the Comprehensive Plan.

2.3.2.3 Pollution from Fluid Migration

STATEMENT OF CONCERN (SC-33)

Many commenters addressed the potential for fluids (including gases)3? to contaminate water re-
sources through communication between gas-bearing formations and water resources including
freshwater aquifers through natural faults and fractures, through abandoned wells or poorly con-
structed gas wells, or a combination of both. Commenters on both sides of the question offered sup-
port for their views—either that such migration of contaminants is a valid concern or that concerns
about migration are unsubstantiated. Representative comments included the following:

COMMENTS ASSERTING THAT CONCERNS ABOUT MIGRATION ARE UNSUBSTANTIATED

1. The risk of fluid migration through natural pathways is low. API submitted a comment to the
DRBC in part critiquing EPA’s 2016 Final Assessment report (referenced in this Comment and
Response Document as “EPA, 2016a”) on the proposed regulations. In its critique, API recited
the conclusions of two peer-reviewed journal articles—those referenced in this Comment
and Response Document as “Flewelling and Sharma, 2014” and “Jackson et al, 2013a”—on
which EPA relied for statements to the effect that migration through natural pathways is un-
likely. The cited conclusions follow:

30 A fluid is a substance that flows when exposed to an external pressure. Fluids include both liquids and gases.
See, e.g., National Aeronautics and Space Administration (NASA), Phases of Matter (undated).
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[D]ue to the very low permeabilities of shale formations. .. hydraulic fractur-
ing operations are unlikely to generate sufficient pressure to drive fluids into
shallow drinking water zones. Some natural conditions could also create an
upward hydraulic gradient in the absence of any effects from hydraulic frac-
turing. However, these natural mechanisms have been found to cause very
low flow rates over very long distances, yielding extremely small vertical
fluxes in sedimentary basins. These translate to some estimated travel times
of 100,000 to 100,000,000 years across a 328 ft (100 m) thick layer with
about 0.01 nD (1 x 10-23 m2) permeability.

(EPA, 20164, p. 6-52 (citing Flewelling and Sharma, 2014).

In deep, low-permeability shale and tight gas settings and where induced frac-
tures are contained within the production zone, flow through the production
formation has generally been considered an unlikely pathway for migration
into drinking water resources.

(EPA, 20164, p. 6-51 (citing, Jackson et al., 2013d)).

2. Anortheastern Pennsylvania landowner and natural gas advocate commented that hydraulic
fracturing does not cause gas migration.

COMMENTS ASSERTING THAT CONCERNS ABOUT MIGRATION ARE SUBSTANTIATED

3. Commenter Delaware Riverkeeper Network (DRN) (citing Myers, 2012) stated that at least
three different substances released by hydraulic fracturing—natural gas (shallow biogenic
and deep thermogenic gas), formation brine, and hydraulic fracturing fluid—can reach shal-
low groundwater or the surface in the DRB and that these contaminants can follow pathways
through natural faults and fractures, through abandoned wells or poorly constructed gas
wells, or a combination of both.

DRN (citing Myers, 2012) commented further that formation brine moves under natural
forces from deep rock formations to shallow groundwater through natural faults and frac-
tures and that these same pathways are available for potentially toxic hydraulic fracturing
fluids and produced water (wastewater) to migrate upward to shallow groundwater under
significant pressure due to HVHF.

4. AMC (citing Myers, 2012) commented that the process of injecting fluids into and fracturing
the shale causes the potential pollution problem, asserting that contaminated fluids from the
hydraulic fracturing process can move from the deep shale to shallower water resources
through various pathways including fractures and natural vertical flow, in thousands of years
or in less than ten years, thus polluting groundwater.

5. Communication between the shale formation and aquifer layers is claimed to have been the
result of hydraulic fracturing activity in Bainbridge, Ohio and Grandview, TX. Commenter
DCS noted that the extreme pressures used in hydraulic fracturing create the potential for
well casing failures and new connections between underground layers, aquifers and even the
surface.

93



6. Referencing multiple published sources by professional geologists in academia, private prac-
tice and public service, a commenter on behalf of DCS and other NGOs asserted that there is
no way to control migration of fluids caused by hydraulic fracturing and that scientific evi-
dence of such migration is overwhelming.

7. DRN (citing Myers, 2012) asserted that studies have proven that hydraulic fracturing fluid
has reached drinking water wells and that transport has occurred between the gas well and
shallow groundwater, adding that the flow of deep brine to the surface and between shale
layers is well documented in scientific literature.

RESPONSE (R-33)

The Delaware River Basin Compact confers on the Commission the power to “assume jurisdiction to
control future pollution . .. in the waters of the Basin whenever it determines after investigation and
a public hearing upon due notice that the effectuation of the comprehensive plan so requires.” (Com-
pact § 5.2).

The Comprehensive Plan provides in relevant part:

The quality of Basin waters, . .. shall be maintained in a safe and satisfactory
condition for the following uses: (1)...public water supplies after reasonable
treatment, except where natural salinity precludes such uses; (2) wildlife, fish
and other aquatic life; (3) recreation; . .. (6) such other uses as may be pro-
vided by the Comprehensive Plan.”

(Water Code, § 3.10.2 B.); and, with respect to the waterbodies classified by the Commission as Spe-
cial Protection Waters, states in relevant part:

It is the policy of the Commission that there be no measurable change in ex-
isting water quality except towards natural conditions in waters considered
by the Commission to have exceptionally high scenic, recreational, ecological,
and/or water supply values.

(Id, §3.10.3 A.2).

The potential for HVHF to adversely impact the quality of water resources and drinking water sup-
plies in the Basin due to the migration of fluids (including gases) is a complex topic and the subject
of ongoing investigation and research. Numerous scientific papers and reports document occur-
rences and evidence of the presence of gas and/or suspected hydraulic fracturing fluids or produced
water in groundwater in different settings and circumstances and evaluate possible pathways for the
migration of such fluids. Numerous other studies find no or little evidence of migration of gas or
other fluids. The quality of published science is strengthened by the peer review process. Some peer
scientists disputing the findings of some studies have formally published their comments, and au-
thors have formally responded.

Comprehensive and authoritative reports that synthesize much of this information are the 2016 EPA
final assessment report (U.S. EPA, 2016a) and the New York State DEC Final Supplemental Generic
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Environmental Impact Statement (NYSDEC, 2015). The latter two studies conclude that hydraulic
fracturing activities can adversely impact and have impacted drinking water resources through fluid
migration.

In addition, a public health review of hydraulic fracturing conducted by the New York State Depart-
ment of Health concluded that:

... there are significant uncertainties about the kinds of adverse health out-
comes that may be associated with HVHF, the likelihood of the occurrence of
adverse health outcomes, and the effectiveness of some of the mitigation
measures in reducing or preventing environmental impacts which could ad-
versely affect public health.

(NYSDOH, 2014). The EPA and New York State reports are described in greater detail in Section
2.3.1.,, Basis and Background Documents.

The subsurface migration of gas and/or other fluids requires a pathway, induced or natural, with
high enough permeability and hydraulic gradient to drive fluid movement at relevant rates. Pathways
can be related to (1) inadequate or degraded well casing or cement, or (2) induced fractures and/or
other features within subsurface formations (U.S. EPA, 20164, p. 6-3). EPA identifies four classes of
potential subsurface migration pathways for HVHF gas, other fluids, and formation water that may
contribute to fluid migration or communication between zones as a consequence of HVHF:

e Migration out of the production zone through pore space in the rock;
e Migration due to fracture overgrowth out of the production zone;
e Migration via fractures intersecting offset wells or other artificial structures; and

e Migration via fractures intersecting other geologic features, such as permeable faults or pre-
existing natural fractures.

See, U.S. EPA, 20164, p. 6-4. PADEP 0il and Gas Bureau staff advised the Commission that they have
not observed any instances of migration from the target formation through natural pathways as a
result of HVHF in Pennsylvania.

The scientific research to date on whether as a result of HVHF gas and other fluids are likely to mi-
grate through natural pathways between a gas production zone and shallow freshwater resources
within a time horizon on the order of decades (and not millenia) is summarized below. The questions
of whether HVHF may mobilize fluids within non-target (“intermediate”) zones or induce fluid mi-
gration through artificial pathways such as the wellbore are separate questions that are discussed
later in this section.

Some published reports assessing environmental impacts of hydraulic fracturing have concluded
that aquifer contamination by the upwelling of fluids from production zones through natural frac-
tures is not supported by data from the field and is highly unlikely (Soeder and Kent, 2018; TAMEST,
2017, p. 122). A wide range of hypothetical modelling analyses of fluid migration suggests that
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migration of gas or other fluids is unlikely in the absence of an existing, relatively permeable fault or
other structural feature through which migration might occur. Disagreements among scientists who
use models to help answer the question are sometimes aired directly in the peer-reviewed literature.
These discussions help to clarify important nuances of the science and can provide focus for manage-
ment decisions.

An example is the discussion of a paper by Myers (Myers, 2012), funded by the Park Foundation and
Catskill Mountainkeeper, which concluded that migration from a gas production zone to drinking
water aquifers through fault zones could occur through conductive faults or fracture zones within as
little as a few years (as noted in numbered comment 5 above, submitted by the Adirondack Mountain
Club). The Myers analysis and findings were formally disputed by several scientists (see, Saiers and
Barth, 2012; Cohen et al, 2013; Carter et al, 2013; Engelder et al, 2014). A paper developed in re-
sponse to this discussion by members of the consulting firm Gradient was funded by Haliburton En-
ergy Services, Inc. (Flewelling and Sharma, 2014). The paper presented information and analysis to
demonstrate constraints on upward migration of fluids from black shales in typical sedimentary ba-
sin settings, such as those of the Marcellus, the Barnett (TX), the Bakken (ND/MT), the Niobrara
(CO/WY), and the Eagle Ford (TX) black shales. The authors concluded that fluid migration is greatly
constrained by very low vertical permeabilities, limited fracturing within the target formation, and
low flow rates that are often greater than 106 years. They ultimately concluded that this mode of
migration is not possible. A modeling analysis by Gassiat et al,, which aimed to address shortcomings
of the Myers analysis, concluded to the contrary, that under specific conditions, contaminant migra-
tion to an aquifer would occur in less than 1,000 years, and that hydraulic fracturing should not be
conducted near potentially conductive faults (Gassiat et al, 2013). The Gassiat study was funded by
the Natural Sciences and Engineering Research Council of Canada and the Quebec Research Fund. In
a published comment funded by Haliburton Energy Services, Inc., Flewlling and Sharma criticized the
Gassiat study as unrealistic (Flewelling and Sharma, 2015). Other researchers have found that, as
the assumed vertical separation between the targeted formation and aquifers decreases, or as the
vertical permeability increases due to the presence of joints, faults, or other higher permeability
zones, the likelihood of upward migration of fluids increases (Birdsell, 2019; Birdsell et al, 2015;
Warner et al, 2012b).

Results of an important modelling study conducted by the Lawrence Berkeley National Laboratory
(“LBNL”) and funded by the EPA were published in 2015 (Reagan et al, 2015). Part of the Congres-
sional directive (P.L. 111-88) for EPA to “... carry out a study of the relationship between hydraulic
fracturing and drinking water...,” this study aimed to resolve at least part of the migration question
by providing improved modelling to elucidate possible transport mechanisms. The objective of the
LBNL study was described this way:

... by identifying the processes that enhance or mitigate flow and transport
out of TG [tight-sand and gas shale] reservoirs, and by examining a range of
geological parameters and production techniques, the envelope of potential
system behavior (and of possible hazards) can be better defined. This may
then inform well design, fracturing operations, production strategies, moni-
toring studies, and the scope of future modelling work.

(Reagan et al, 2015, p. 2544).
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The Reagan study describes potential short-term migration (occurring over weeks to months) of gas
and water between a shale or tight gas formation and a shallower groundwater unit, assuming a pre-
existing permeable pathway between the two formations. The study results identified the main fac-
tors affecting transport of gas to aquifers as: (1) production regime (whether the production well is
producing or is shut-in); (2) the permeability of the connecting feature; and, less so, (3) the vertical
separation between the production formation and the aquifer.

Investigators have used a variety of approaches to determine or infer the presence or absence of
geologic structures with relatively high permeability that could potentially provide natural pathways
for subsurface migration of HVHF gas or fluids to shallow groundwater. Results of these studies are
mixed. In some cases, migration of fluids is identified and attributed to hydraulic fracturing activity,
but the pathway of migration is not identified.

DRBC asked the USGS to “characterize the likelihood and potential severity of contamination of drink-
ing water resources resulting from the migration of contaminants from target formations via natural
pathways, as influenced by high volume hydraulic fracturing” within the Delaware River Basin. The
USGS highlighted the risk that hydraulic fracturing might result in fluid migration into the margins of
adjacent formations with higher permeability than the Marcellus/Utica, but found the risk of move-
ment from these regions to the surface to be a low-probability scenario based on the literature and
understanding to date. (USGS, 2018, pp. 14, 19). Regarding natural pathways from target formations
to shallow aquifers, the USGS stated:

Based on our knowledge, experience, and review of the relevant literature and
our own research, the USGS believes that it is unlikely that there are excep-
tional subsurface natural pathways present in the DRB that would offer an
undue or unusual risk of accelerated release of natural gas, fracking fluids, or
formation waters to the environment or to shallow aquifers following hydrau-
lic fracking of the Marcellus Shale or Utica Shale Formations. However, the
risks from activities associated with the fracking and the subsequent resource
development are not inconsequential and monitoring and oversight of such
activities are essential.

(USGS, 2018, p. 19).

The Commission agrees that the research to date suggests gas, hydraulic fracturing fluids, and for-
mation brine are unlikely to flow through natural pathways from the target (production) zone and
adjacent areas to shallow aquifers. However, DRBC'’s review of the peer-reviewed research on mi-
gration from the target formation also indicates that certain conditions are typically assumed (see,
e.g., Flewelling and Sharma, 2014; Zoback and Arent, 2014; Jackson et al, 2013a; NETL, 2013, p. 61).
These conditions include: (1) a “typical” geologic setting in which the low-permeability natural gas
production formation is deeply buried (2-3 km or more), flat-lying or gently dipping, and is relatively
undisturbed, as are many major gas plays in the United States; and (2) where an HVHF gas well is
constructed properly, the mechanical integrity of the well is maintained, and zonal isolation within
the target geological formation is preserved. Under these conditions, there is a large vertical separa-
tion between the production formation and freshwater aquifers; the production formation and inter-
vening formations have extremely low natural permeability; and well construction and maintenance
are successful in achieving and maintaining effective zonal isolation. The two studies cited by API for
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the proposition that migration is unlikely refer to conditions such as these. (Additional field studies
that demonstrated the effectiveness of vertical separation in preventing fluid migration were con-
ducted in Green County, PA (Hammack et al,, 2014), and Susquehanna County, PA (Barth-Natfilan et
al, 2018), and are discussed in greater detail in Section 2.3.3.3, Groundwater.) The Commission
agrees with API's comment (numbered comment 1 above) that the risk of gas or fluid migration
through natural pathways is low when the conditions described above are present. In other circum-
stances, however, the probability of migration may be substantially higher, especially in cases in
which well integrity is compromised (Jackson et al, 2013b; U.S. EPA, 2016a, p.10-13). The geologic
setting in northeastern Pennsylvania may be more prone to fluid migration and impacts to water
resources than are shale-gas settings in central and western Pennsylvania and elsewhere (USGS,
2018, p. 13; Woda et al, 2018; Soeder, 2017).

If the likelihood of migration via natural pathways from the target formation to shallow aquifers and
streams is limited under assumed conditions, the evidence is strong that HVHF can result in the mi-
gration of fluids—whether from the target formation or intermediate zones—through artificial path-
ways or a combination of natural and artificial pathways into shallow water-bearing zones. As ex-
plained below, fluid is more likely to migrate through poorly constructed or abandoned gas wells
than solely through natural faults and fractures (Zoback and Arent, 2014; Jackson et al,, 2013a), and
gas is more likely than liquids to migrate in this manner. PADEP adopted regulations in 2016 to
address communication with offset wells (including abandoned wells). This has no doubt reduced
risk in areas where abandoned wells are prevalent, a condition not believed to exist in the Delaware
River Basin. The Commonwealth also significantly upgraded its casing and cementing/well construc-
tion and operation regulations in 2011 to address issues associated with poorly constructed wells
(see Appendix-4), but incidents of fluid migration continue to occur. Migration pathways in some
areas may be the result of inadequate well integrity in combination with geologic factors, including
those of intermediate, non-target (but often gas bearing) formations, as explained below.

The Commission rejects the assertion (see numbered comment 2 above) that high volume hydraulic
fracturing does not cause gas migration. Regulatory documents and the literature are replete with
examples to the contrary, including documented cases such as those in Bainbridge, OH (22 private
domestic wells and one public water supply well affected) (ODNR, 2008, p. 6); Dimock, PA (18 private
domestic wells affected) (PADEP, 2009; PADEP, 2010); other areas in Susquehanna and Bradford
Counties, PA (9 private domestic wells affected) (U.S. EPA, 2015d, p. 109); and many other locations
in Pennsylvania (PADEP, 2019d), including instances in which PADEP issued a Consent Assessment
of Civil Penalty or Consent Order and Agreement. The latter include instances in: Lycoming County
(PADEP, 2020a); Bradford and Sullivan Counties (PADEP, 2018c); Nicholson Township, Wyoming
County (PADEP, 2017a), Forks Township and Elkland Township, Sullivan County (PADEP, 2016a);
West Burlington Township, Bradford County (PADEP, 2017b); Leroy Township, Bradford County
(PADEP, 2015b); Lenox Township, Susquehanna County (PADEP, 2016f); and elsewhere, as docu-
mented by the EPA (U.S. EPA, 20164, pp. 6-23 - 6-25).

The Commission has confirmed that the Bainbridge, OH incident (cited in numbered comment 6
above) was caused by communication between the production formation and the aquifer. The com-
munication pathway was within the gas well borehole and resulted from a defective cement job dur-
ing well construction, according to the Ohio Department of Natural Resources (ODNR, 2008, p. 46).
Other than a news article provided by commenter DCS (Gorman, 2008), little information is available
regarding the 2007 incident in Grandview, TX. Although the specific migration pathways in incidents

98



such as these are often poorly understood, the respective investigating authorities concluded that
hydraulic fracturing activities caused the migration and resulting ground water contamination.

Key issues that emerge from this discussion regarding natural migration pathways are (1) vertical
separation distance between the production zone and the deepest drinking water aquifer; and (2)
the likelihood of the presence of zones or features of higher vertical permeability, such as joints,
faults, or fractures, that could provide a preferential pathway for migration. The focus of the discus-
sion as it relates to numbered comment 5 above, therefore, is the geologic setting of the Delaware
River Basin.

Research focused on northeastern Pennsylvania and nearby parts of New York has demonstrated
that local geology can help explain why fluid migration to aquifers occasionally occurs. The geologic
setting in northeastern Pennsylvania and in the New York part of the Delaware River Basin is not
“typical” as described above and may be more prone to potential migration and impacts to water
supplies than shale-gas areas in central and western Pennsylvania and elsewhere. Several studies
and reports provide evidence supporting this hypothesis. In northeastern Pennsylvania and adjoin-
ing areas of New York within the Basin, the Paleozoic Formations were subjected to tectonic forces
and deformation that generated a marked change in their structural configuration. The formations
have been extensively folded, faulted, and eroded through geologic time. As a result, the Marcellus
Shale dips upward steeply and crops out at the earth’s surface in places near the Delaware River. A
consequence of this structural change and the associated low-grade metamorphism is the presence
of rock cleavage, a greater tendency for fracturing and higher permeability, and therefore greater
risk for fluid transport to adjacent formations and through intersected bedding planes, fractures, ge-
ologic faults, or other features such as solution cavities in overlying strata (USGS, 2018, p. 13-14;
USGS, 2012, p. 9-10). There may be a higher likelihood in the DRB of natural pathways in shallower
formations, which would increase the likelihood that inadequate HVHF well integrity will lead to con-
tamination of aquifers.

A 2018 study led by Penn State showed that local geologic conditions similar to those in some parts
of the Delaware River Basin may explain gas migration into private drinking water wells and a stream
near hydraulically fractured natural gas production wells in Lycoming County, Pennsylvania (in the
West Branch Susquehanna sub-basin). These results indicate that migration may be more likely in
areas where the Marcellus Shale is situated at a relatively shallow depth, dips significantly, and is
more fractured than in other areas, as in portions of the Delaware River Basin (Woda et al, 2018).

A 2017 study led by the Lamont-Dougherty Earth Observatory at Columbia University examined the
association of groundwater constituents with topography and proximity to unconventional gas wells
in northeastern Pennsylvania (Yan, et al, 2017). Results indicated that calcium, chloride and sulfate
(Ca, Cl, and SO4) levels are higher in groundwater near unconventional gas wells, especially in valley
settings. The study provides additional evidence that unconventional gas development may be im-
pacting groundwater.

A study conducted by the USGS in 2017 (and published in 2019) examined chemical, isotopic, and
groundwater-age tracer data in upland groundwater in northeastern Pennsylvania (McMahon et al,
2019). The study explored relations between chemical constituents and proximity to unconventional
gas wells and mapped faults and fold axes that might act as pathways for migration of fluids. In con-
trast with the Lamont-Dougherty study (Yan et al, 2017), the USGS research found no correlation
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between chloride and distance to the nearest unconventional gas well. The USGS researchers stated
that this difference in results might be attributable to the smaller number of wells sampled (50) in
the USGS study, in comparison with the more that 1,700 wells sampled in the Lamont-Dougherty
study. The USGS data suggested that thermogenic methane detected in one well located 0.37 km (0.23
mi) from an unconventional gas well is from a relatively shallow source (Catskill/Lock Haven For-
mations) that “appears to have been mobilized by shale-gas production activities.” Data for another
well located less than 1 km from an unconventional gas well suggested that thermogenic methane in
groundwater at that location is associated with natural migration processes, and perhaps marks a
hotspot associated with a geologic structure known as the Wilmot anticlinal axis. Notwithstanding
the lack of correlation between chloride and proximity to HVHF wells, these results suggest that rel-
atively permeable connections may exist between gas reservoirs and upland groundwater in the re-
gion.

Studies of methane in groundwater in the Marcellus region, including some by the USGS, suggest the
possible presence of permeable geologic features that facilitate gas migration. A 2013 USGS study of
methane in groundwater of south-central New York State revealed evidence of a possible migration
pathway from underlying formations. Methane in valley wells was predominantly thermogenic in
origin, likely as a result of close vertical proximity to underlying methane-bearing saline groundwa-
ter and brine, and possibly as a result of enhanced bedrock fracture permeability beneath valleys that
provides an avenue for upward gas migration (Heisig and Scott, 2013). Another approach to identi-
fying permeable geologic features is geospatial analysis of methane concentrations in groundwater
from private wells in relation to mapped geologic features. Methane concentrations measured in
shallow private water wells in Bradford County, PA were found to increase with proximity to faults
and also to conventional gas wells, though not to unconventional wells. This result demonstrates that
if a well intersects faults at a depth where it is uncased or uncemented, it may provide a pathway for
migration of gas from methane-bearing formations. Data mining was used to map hotspots where
methane concentrations significantly correlate with distance to faults and gas wells. Near the
hotspots, 3 out of 132 shale-gas wells (approximately 2 percent) and 4 out of 15 conventional wells
(27 percent) intersect faults at depths where they are reported to be uncased or uncemented (Li et
al, 2016b).

Other studies have examined chemical components of Appalachian basin brines (“ABB”) in ground-
water to determine the presence or absence of natural pathways of brine migration that could po-
tentially also conduct HVHF gas or fluids to shallow groundwater. Several researchers have pre-
sented geochemical evidence of natural migration of Marcellus Formation brine to shallow aquifers
in northeastern Pennsylvania within or near the Delaware River Basin (Wen et al, 2018; Llewellyn,
2014; Warner et al, 2012b). They theorize that this migration could possibly be a result of natural
pathways that developed in response to tectonic activity that produced vertical joints across for-
mations, alone or in combination with the effect of glaciation, which increased fracture density and
permeability. When glaciers retreated from northeast Pennsylvania, the removal of the weight of the
glaciers allowed the land mass to rise, or rebound, causing stresses in the subsurface and producing
more fracturing (Warner et al, 2012b). However, the effects of glacial retreat most likely impact only
the shallow rocks and not deeper gas shales (Charpentier et al., 1982). The 2012 study led by Penn
State University presents geochemical evidence from northeastern Pennsylvania showing that natu-
ral pathways unrelated to drilling activities exist in some locations between deep underlying for-
mations and shallow drinking water aquifers. Integration of inorganic chemical data and isotopic

100



ratios in shallow groundwater samples and northern ABB samples suggests that mixing of shallow
groundwater and deep formation brine causes groundwater salinization in some locations. The
strong geochemical fingerprint in the salinized groundwater sampled from the Alluvium, Catskill, and
Lock Haven aquifers suggests possible migration of Marcellus brine through naturally occurring
pathways. The presence of salinized groundwater further suggests the presence of conductive path-
ways and specific geostructural and/or hydrodynamic regimes in northeastern Pennsylvania that
may increase the risk of shallow groundwater contamination, particularly by stray gases, because of
natural hydraulic connections to deeper formations (Warner et al, 2012b). The observed evidence
and unique structural characteristics of the region suggest the possibility that the Marcellus Shale
could be more vulnerable to fluid migration from HVHF activity in the Delaware River Basin than in
other areas of Pennsylvania. This interpretation of geochemical evidence is controversial and has
been the subject of a formal dispute among Penn State University researchers in the literature
(Engelder, 2012; Warner et al.,, 2012a).

Another study in Susquehanna County, Pennsylvania, published in 2014, utilized a geospatial analy-
sis of geologic features, groundwater quality data, and ABB data to assess pre-gas-drilling groundwa-
ter salinization sources. The study concluded that ABB has migrated naturally and preferentially to
shallow aquifers along an inferred normal fault and certain topographic lineaments. The natural
presence of ABB-impacted shallow groundwater shows the existence of vertical migration pathways
that may result in gas-drilling impacts (Llewellyn, 2014).

Some studies of methane in groundwater in the Marcellus region reached contrary conclusions about
methane migration. A 2013 study of methane sources in groundwater by employees of GSI Environ-
mental, Incorporated and Cabot Oil and Gas Corporation concluded that methane concentrations in
Susquehanna County water wells can be explained without the migration of Marcellus Shale gas
through fractures (Molofsky et al, 2013).

Without citing any specific studies or results, numbered comments 7 and 8 above allude to studies
that “have proven” the occurrence of fluid transport between gas wells and shallow groundwater and
the existence of “overwhelming scientific evidence” of such transport. DRBC has carefully reviewed
the literature and agrees that some studies present compelling evidence that hydraulic fracturing
fluids have migrated to drinking water sources. Although the findings of these studies remain con-
troversial, they provide strong evidence that DRBC cannot responsibly ignore. The study by Llewel-
lyn et al. (2015) is a particularly strong example. Funded by Leco Corporation, Restek Corporation,
the National Science Foundation, and Penn State University, the authors (one of whom also provided
litigation support and environmental consulting services for impacted households) investigated the
source of contamination of several private residential wells in Bradford County, PA, near gas wells
that had been cited for allowing natural gas to enter aquifers. The wells had defective well construc-
tion that had been remediated with cement squeezes and plugs under a PADEP consent order and
agreement. The study approach used multiple lines of evidence, including: (1) time series analyses
of natural gas and organic and inorganic compound concentrations; (2) comparisons of natural gas
isotopic compositions between gas well annular gas and groundwater; (3) assessments of gas well
construction; (4) chronology of events; (5) hydrogeologic characterization; and (6) geospatial rela-
tionships. The study used a coupled gas chromatography/mass spectrometry analytical method that
identified similar unresolved complex mixtures of organic compounds in the affected aquifer and in
flowback from other Marcellus Shale gas wells. Using results from these six lines of evidence, the
researchers concluded that stray gas and drilling or hydraulic fracturing fluids may have flowed
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vertically along gas well boreholes and then approximately 1-3 kilometers (0.62 - 1.9 miles) along
shallow and intermediate depth fractures to the aquifer supplying water to the impacted domestic
water supply wells. Wastewater from a reported pit leak at the nearest gas well pad may have been
a source of the hydraulic fracturing fluids. The analytical method used in the study might have con-
clusively fingerprinted the specific contaminant source, but samples from the drilling, pit and HVHF
fluid at the five suspect well pads were not available to the researchers.

In a report commenting on EPA’s 2015 draft assessment, the environmental and risk sciences con-
sultant Gradient on behalf of its client Haliburton Energy Services, Inc. criticized the Llewellyn study
(Llewellyn et al. (2015) for what Gradient described as fundamental flaws, including failure to char-
acterize undifferentiated hydrocarbons (also referred to as unresolved complex mixtures, or UCMs)
in the drilling or hydraulic fracturing fluids that were used to construct and stimulate the gas wells
(Gradient, 2015, p. 20). In other words, the industry consultant criticized the study for not including
sampling that the industry refused to allow. The Gradient report presented no alternative hypothesis
to explain why, following HVHF activity in the vicinity, the previously potable water supplies became
contaminated by gas, a foaming agent, and chemical signatures similar to that of flowback from hy-
draulic fracturing in the Marcellus Shale in other areas. The Llewellyn study provides persuasive
evidence of fluid migration from HVHF activity to groundwater supplies. The study reinforces that
incidents of contamination are typically tied to well integrity impairments and not out-of-zone frac-
ture growth to the base of fresh groundwater.

Numbered comment 6 asserts that there is no way to control fluid migration caused by hydraulic
fracturing. The industry has developed techniques for modelling fracture propagation, calculating
stimulated fracture height and width, and planning and limiting the extent of hydraulically-induced
fractures to within a target zone (Veatch et al, 2017). Industry standards and best practices have
been developed to help ensure that wells and fracture networks are designed and constructed to
achieve and maintain zonal isolation (see API, 2019). However, in areas where target formations are
thin, out-of-zone3! fracture growth may be more likely. Industry experience indicates that out-of-
zone fracturing may be common in the Bakken Shale in the northern U.S. and Canada (U.S. EPA,
20164, p. 6-55), but there is no evidence that out-of-zone fracture propagation to shallow groundwa-
ter has occurred from deep (>1000m or >3000 ft) shale gas reservoirs (Jackson et al, 2013a). As
described previously, migration of fluids in certain geologic settings and where wells are properly
designed and constructed is unlikely; however fluid migration may be more likely in less favorable
geologic settings, in situations where well integrity is compromised, or both. It is possible to control
fluid migration, but zonal isolation is not always achieved and maintained.

Regarding the natural flow of deep brine and gas to the shallow groundwater and the surface (noted
in numbered comments 3 and 7 above), several studies present geochemical evidence of such natural
migration of formation brines and gas and present different hypotheses for migration pathways. The
differences among these hypotheses result in uncertainty about the existence of preferential path-
ways that might create greater risks for fluid migration from HVHF activities. One study in Susque-
hanna County, PA, conducted and funded by an industry consultant and Cabot Oil and Gas Corpora-
tion, concluded that elevated concentrations of various inorganic constituents in groundwater were

31 Qut-of-zone fracturing refers to fractures extending out of the intended production zone into another for-
mation, or into an unintended zone within the same formation.
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the result of long residence times and aquifer-rock interactions associated with deeper groundwater
flow within aquifer strata, and that zones of greater fracture density are pathways for the migration
of naturally occurring gas and saline water from saline groundwater zones within aquifer strata (Mol-
ofsky et al, 2013). A subsequent study by Syracuse University and industry employees, funded by
Chesapeake Energy Corporation, utilized a large data set for the entire Appalachian basin and
reached a similar conclusion that groundwater discharging along slopes and in valleys travels along
longer flow paths and commonly intersects saline zones at the base of the aquifer (Siegel et al, 2016).
These studies concluded that the presence of methane could be explained without the migration of
Marcellus Shale gas through fractures.

In contrast with these results, a study in south-central New York State by USGS concluded that en-
hanced bedrock fracture permeability, including faults extending through the entire sedimentary se-
quence beneath valleys, could provide a pathway for upward gas migration (Heisig and Scott, 2013).
Other studies conducted in northeastern Pennsylvania (Warner et al, 2012b; Llewellyn, 2014) and
southern New York (Kreuzer et al,, 2018) present geochemical evidence for natural migration of for-
mation brines to shallow aquifers through natural faults or other conductive pathways that exist in
some locations between deep shale formations and shallow aquifers. Results suggest that areas
where this preferential migration occurs could be at greater risk for contamination resulting from
hydraulic fracturing activity because of a pre-existing network of pathways that has enhanced hy-
draulic connectivity between deeper geological formations and shallow aquifers. Other evidence of
fluid migration is presented in Section 2.3.3.3, Groundwater.

In conclusion, the DRBC finds on the basis of the peer-reviewed literature to date, that the probability
of fluid migration is low in “typical” unglaciated, tectonically tranquil shale-gas settings where the
target formation is deep, flat-lying, and characterized by low permeability, and in which gas wells are
constructed and maintained properly. However, the weight of the evidence in the view of the DRBC
also shows that the probability of fluid migration as a result of HVHF may be substantially higher in
other settings, including in northeastern Pennsylvania, where numerous documented incidents of
impacts to water resources have occurred in connection with natural gas extraction, either where
wells are not constructed and maintained properly and/ or where geologic characteristics that are
present in this region contribute to elevated risk of fluid migration through permeable features in
relatively shallow formations.

STATEMENT OF CONCERN (SC-34)

Some commenters remarked on the potential for migration pathways to be created as a result of
seismicity induced by hydraulic fracturing. Statements on both sides of this issue are paraphrased
or quoted as follows:

1. Fracking activity itself can cause earthquakes, as has been seen across the United States and
in Canada, and “as close to the Delaware River Basin as Lawrence County, Pennsylvania.”

2. There are many pathways for contamination to reach shallow groundwater from either the
well bore or the targeted shale. The pathways include fractures and faults, faulty wellbores,
and seismic activity. Earthquakes associated with increased fracking would likely cause ad-
ditional gas to be released.
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3. Hydraulic fracturing is safe, does not contaminate drinking water, cause earthquakes, or oth-
erwise endanger the environment.

RESPONSE (R-34)

According to William Ellsworth of the United States Geological Survey’s Earthquake Science Center,
arange of human activities are capable of inducing earthquakes, including impoundment of water in
reservoirs, surface and underground mining, withdrawal of fluids from the subsurface, and injection
of fluids into underground formations (Ellsworth, 2013). The primary cause of the increase in in-
duced earthquakes, according to the USGS is not hydraulic fracturing but the injection of waste fluids
from oil and gas production into underground disposal wells (Rubinstein and Mahani, 2015). Some
earthquakes have been induced by hydraulic fracturing in various regions in North America, China,
and the United Kingdom (Eyre et al, 2019), but not in northeastern Pennsylvania. In British Colum-
bia, more than 200 seismic events, including events greater than 2.0 M,32 were caused by fluid injec-
tion during hydraulic fracturing in proximity to pre-existing faults in the Horn River Basin (BCOGC,
2012). As hydraulic fracturing activity in the region expanded, both the number and magnitude of
induced seismicity events increased. A study led by the U.S. Geological Survey showed that in Okla-
homa, more than 200 hydraulic fracturing wells were correlated with more than 700 earthquakes
with M = 2.0, primarily in the SCOOP/STACK plays (an oil-producing geographic area in Oklahoma)
(Skoumal et al, 2018b). The observations of seismicity induced by hydraulic fracturing in the Appa-
lachian Basin are concentrated in a narrow north-south corridor in eastern Ohio and central West
Virginia (Brudzinski and Kozlowska, 2019). HF-induced seismicity has also occurred near this cor-
ridor in Lawrence County, PA (northwest of Pittsburgh) (Frazier, 2017b). One of the HF-induced
events, a M 3.7 earthquake in Ohio, was widely felt in the rural epicenter area, and the USGS received
over 100 reports from people who felt it (Brudzinski and Kozlowska, 2019). The higher prevalence
of HF-induced seismicity in this Appalachian Basin corridor is due to targeting of the Utica-Point
Pleasant formation, which is in closer vertical proximity to basement rocks in this corridor than is
the Marecellus formation in northeastern Pennsylvania (Brudzinski and Kozlowska, 2019). Under-
ground injection of wastewater and hydraulic fracturing activity in strata lying less than one kilome-
ter above basement rock is hypothesized by the U.S. Geological Survey to be more likely to result in
induced seismicity (Skoumal et al,, 2018a). This hypothesis may explain why induced seismicity has
not occurred as a result of HVHF activity in northeast Pennsylvania where the Marcellus Shale is sit-
uated more than a kilometer above basement rock.

The potential for fault activation and flow path creation under conditions similar to those of the Mar-
cellus Shale play was studied by Lawrence Berkeley National Laboratory using numerical simula-
tions. Results of the study indicated that:

32 “M” denotes the moment magnitude scale of earthquake magnitude.
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the possibility of hydraulically induced fractures at great depth (thousands of
meters) causing activation of faults and creation of a new flow path that can
reach shallow groundwater resources (or even the surface) is remote.

(Rutqvist et al,, 2013). Given the results of studies described above, and the absence of HF-induced
seismicity in northeast Pennsylvania despite a high intensity of HVHF activity, the likelihood of in-
duced seismicity in the Delaware River Basin as a result of development of Marcellus Shale gas, and
the subsequent migration of gas or fluids through pathways generated by HV-induced seismicity, ap-
pears to be low. In the Delaware River Basin, the vertical separation between the Utica-Point Pleasant
shale and basement rock may not be known in some areas (Berg et al,, 1993), and so the likelihood
of induced seismicity in the Delaware River Basin as a result of development of Utica-Point Pleasant
shale gas may be less certain.

STATEMENT OF CONCERN (SC-35)

Numerous comments were submitted about the potential for HVHF impacts to water resources re-
sulting from gas well integrity issues. Commenters noted many reasons why they consider the var-
ious well-integrity concerns to be either substantiated or unsubstantiated. Statements on both sides
of the question are paraphrased or quoted as follows:

COMMENTS ASSERTING THAT CONCERNS ABOUT WELL INTEGRITY ARE UNSUBSTANTIATED

1. APl asserts that since 1924, it has led in the establishment, maintenance, and dissemination
of hundreds of standards to ensure the safe and sustainable development of oil and natural
gas in the U.S. and across the world.

2. API further states that each API standard is reviewed at least every five years to maintain its
integrity; that API’s standards represent industry safety practices based on the best availa-
ble science and research; and that the latter is one reason API’s standards are widely cited,
and often incorporated, in federal and state regulations.

3. API asserts that as its standards are implemented and their effects measured, they add to
the body of knowledge of industry best practices and lessons learned, and deliver significant
improvements to system integrity, reliability, and integrated safety.

4. Citing its own standards, API notes, “The industry has developed techniques for improving
well drilling, cementing, and casing to protect freshwater sources, restrict fluids to the in-
tended zone, and enable efficient hydrocarbon production. The primary means of ensuring
that underground sources of drinking water are protected is by carefully casing the well with
a steel pipe and cementing it into place to create a tight seal.” (API, Undated).

5. Anortheastern Pennsylvania landowner and natural gas advocate asserted that risks due to
declining well integrity do not increase over time, as pressures [within the cased well] de-
crease over time.

6. According to MSC, “With an environmental compliance rate of nearly 97% , operating under
some of the most stringent and rigorous environmental standards in the nation,
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Pennsylvania's unconventional shale gas industry has a demonstrated track record of oper-
ating in a manner that protects our shared environment.” (MSC, 2018, p. 3 (Itr.)(citation
omitted)).

In its critique of the 2016 EPA assessment report, Halliburton Energy Services, Inc. com-
mented that impacts associated with failure of well casing or cement generally involve me-
thane, not hydraulic fracturing fluids, reflecting the fact that methane is more mobile in the
subsurface and hydraulic fracturing fluids are not likely to migrate upward to reach drinking
water aquifers even when wellbore integrity is compromised.

API offered in its comments a prediction that 3.63 release events would occur in the Dela-
ware River Basin each year, assuming the development of 40 wells annually as projected by
ALL Consulting, LLC. API states that its prediction is based on statistics for release incidents
(including spills, leaks, well integrity and erosion control events) in Susquehanna County,
Pennsylvania during 2013-2017, which were reported at 9.09 percent of wells drilled during
that period. API further opines that the probability that even one of such events would result
in contaminants reaching waters of the Commonwealth was less than 0.5 percent (ALL Con-
sulting, 2018).

In its critique of the 2016 EPA assessment report, Halliburton Energy Services, Inc. com-
mented that “there is no evidence of the migration of fracturing fluids into drinking water
resources via any subsurface pathway.” (Gradient, 2015, p. 2).

COMMENTS ASSERTING THAT WELL INTEGRITY CONCERNS ARE SUBSTANTIATED

10.

11.

12.

13.

14.

15.

16.

There is concern over water contamination stemming from well integrity failures due to ag-
ing cement/grout and the pressures of hydraulic fracturing itself. The underground migra-
tion of methane and a plethora of hydraulic fracturing chemicals associated with faulty well
construction may have impacts on drinking water.

Well casings, cementing, and cement plugs are not regulated to protect aquifers and will lead
to pollution, either in the short term or as they degrade.

Cement shrinkage, debonding, and failure can result from a variety of causes.

Current state-of-the-art cement materials used in well completion, plugging and abandon-
ment operations do not have a documented long-term history of durability.

It is not a matter of "if" these hydraulic fracturing wells will fail, but "when."

The implications of short-term cement failure on long-term aquifer water quality protection
are extremely significant.

Problems with the integrity of well cement are well known in oil and gas fields. Fractured
shales of the Appalachian Basin may present problems when cementing wells. The 2006 re-
port by Newhall states: “These problems include cement dehydration due to excessive fluid
loss or formation “breakdown,” in which whole cement slurry is lost to a created hydraulic
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fracture. When this situation is encountered, it can be difficult to achieve proper cement tops
and cement bond quality can be poor.” (Newhall, 2006)

17. The number of hydraulic unconventional well encasements that have failed is over six per-
cent. Meanwhile, a Cornell study forecasts an even higher percentage: four in ten unconven-
tional wells will fail in Northeast Pennsylvania.

18. The life of the cement and steel casings is less than the life of an aquifer - we are digging the
grave for our freshwater for future generations with a failure rate of 5-10 percent.

19. Thelarge number of incidents of pollution, methane gas migration, blowouts and other prob-
lems throughout Pennsylvania is well documented by PADEP.

RESPONSE (R-35)

The industry, regulators, and the scientific community have gone to great lengths to ensure gas well
integrity and zonal isolation. However, despite these many efforts, including significant improve-
ments over the past decade, the Commission deems the commenters’ concerns about well integrity
and zonal isolation to be well-founded. The Commission’s assessment is based on an integrated view
of the technical challenges of properly developing an unconventional gas well, the technical factors
that can contribute to integrity failure, and the limits of institutional measures intended to help pre-
vent integrity failure. A common theme across these factors is the underlying uncertainty that exists
about short- and long-term well integrity. In DRBC’s assessment, the aggregate risks of failure of well
integrity over the entire life cycle of a well are substantial and pose threats of migration of gas and
other fluids into shallow groundwater and surface water.

Developing a properly constructed unconventional gas well is a complex process, and achieving and
maintaining zonal isolation has long been a central challenge. The Commission agrees with numbered
comment 16 above that problems with the integrity of well cement are commonly recognized. Alt-
hough the cited 2006 Newhall study preceded the adoption of well construction regulations by
PADEP in 2011 (see Appendix-4), industry literature evidences abundant awareness of the persisting
problem, which is also discussed in detail by the 2016 EPA assessment report (U.S. EPA, 2016a, Chap-
ter 6). Some key examples from industry sources are presented below.

A 2017 textbook on hydraulic fracturing written by leaders in the petroleum industry concisely states
the importance of the issue: “The key to protecting freshwater aquifers is wellbore integrity.” (Veatch
etal, 2017).

Industry has acknowledged that uncontrolled migration of hydrocarbons to the surface has been a
challenge since the earliest gas wells were drilled; at one point in time (2003) 43 percent of wells in
the Gulf of Mexico had reported leakage (Brufatto et al, 2003). Even with technological and chemical
improvements in cement and cement placement technology, industry sources and peer-reviewed lit-
erature indicate that losses of wellbore integrity occur regularly, if infrequently.

The definition of “well integrity” is important in this discussion, as different definitions are some-
times used, making comparisons among well-integrity studies difficult. According to the Groundwa-
ter Protection Council,
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Well integrity, from the perspective of water protection, means the structur-
ally sound construction of a well, including competent pressure seals and op-
erational controls that effectively prevent uncontrolled fluid releases or mi-
gration of annular fluids into protected groundwater throughout the life cycle
of a well.

(GWPC, 2017, p. 43)(emphasis added). The last seven words of this definition are critical, as some
studies do not consider the entire life cycle of the well. Among the latter is the 2013 study by King
and King, which examines the frequency of integrity failures during well operation, but not during
well construction, stimulation, plugging, or abandonment (King and King, 2013). Another important
distinction is that the failure of a particular well component (sometimes referred to as “compromised
well integrity”) does not necessarily indicate that there is a failure of well integrity; wells are de-
signed with multiple barriers to flow, and any remaining barrier that intercepts a potential flow path
and prevents formation of a leak path is effective (at the moment it becomes the remaining barrier)
in preventing pollution. However, reliance on a single barrier leaves less room for error in maintain-
ing well integrity. Another important distinction in these types of studies is the range of leak paths
under consideration. King and King state that “for a well to pollute, a leak path must form and extend
from the inner hydrocarbon flow path to the outside environment.” (King and King, 2013). This re-
quirement excludes a potential flow path from a non-target gas-bearing formation through the outer
annuli and into freshwater aquifers. Such a potential flow path is a primary concern because most
occurrences of gas leakage involve gas from relatively shallow, non-target formations that discharge
to the annulus of production wells (Dusseault and Jackson, 2014).

In response to numbered comment 17 above regarding the rate of well integrity failure, the reported
rates of well-component failures and well-integrity failures vary depending on the types of failures,
time periods surveyed, and geographic areas covered. A 2014 study led by Cornell University of over
75,000 Pennsylvania state inspection records for over 41,000 conventional and unconventional oil
and gas wells indicated compromised cement and/or casing integrity in 0.7-9percent of the active oil
and gas wells drilled since 2000, with a higher frequency for unconventional wells drilled since 2009
than for conventional wells. As noted by the commenter, the study also makes predictions of cumu-
lative (long-term) hazards from compromised integrity exceeding 40 percent (Ingraffea et al,, 2014).
Compromised well integrity, as explained previously, does not necessarily indicate failure of well in-
tegrity. If the failure results in gas leakage through the annulus outside the surface casing, the gas is
available to invade shallow formations, including freshwater aquifers.

A 0.5 percent rate of failure of well integrity was estimated by EPA for a representative sample of
approximately 28,500 hydraulic fracturing jobs conducted nationally between September 30, 2009,
and September 30, 2010 (U.S. EPA, 2016e, p.31). The 95 percent confidence interval for this estimate
is 0.1-2 percent. In instances of failure of well integrity, all barriers to fluid leakage were compro-
mised, but no determination was made as to whether fluid migration to water resources occurred.
This failure rate applies only to the stimulation part of the gas well life cycle, and it does not include
failures occurring during well construction, operation, plugging, or abandonment. As such, DRBC
expects that the failure rate inclusive of failures occurring over the entire gas well life cycle is prob-
ably higher than 0.5 percent. Other estimated rates of well integrity failure (using different method-
ologies and over different time periods) for hydraulically fractured wells in Pennsylvania were 0.06
percent, 0.12-1.1 percent, and 0.25 percent (Considine et al, 2012; Brantley et al, 2014; Vidic et al,
2013, respectively). The 0.06 percent figure is from a controversial report whose academician
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authors had close ties to industry and had not disclosed the conflict of interest in the report. As a
direct result of an investigation of the controversy surrounding the report, the substantiation of the
report’s conclusions, and the undisclosed conflict of interest, the president of the University of Buf-
falo closed the Shale Resources and Society Institute that had been founded by one of the report au-
thors (Tripathi, 2012). Excluding this value, the range of estimated rates of well integrity failure for
hydraulically fractured wells in Pennsylvania is 0.12-1.1 percent.

The Commission recognizes that the environmental risks stemming from HVHF well-integrity issues
most frequently involve gas leakage and not liquid leakage, as noted in numbered comment 7 above.
When well-integrity failures occur, gas is the most common substance lost (King, 2013). Rapid gas
transport in fractures explains how methane can travel vastly different distances and directions lat-
erally away from a leaking well, which leads to variable levels of methane contamination in nearby
groundwater wells (Moortgat et al,, 2018). Liquid migration within or around the wellbore is improb-
able during production because the density of the formation liquids is too high for it to be lifted by
the natural formation pressure, and because the pressure in the target shale-gas reservoir is depleted
with time (Dusseault and Jackson, 2014). Although there have been instances of fluid releases in in-
cidents involving casing rupture (such as blowouts that occurred in Killdeer, North Dakota in 2010
(U.S. EPA, 2015c) and near Powhatan Point, Ohio in 2018 (DiSavino and Palmer, 2018; USEPA,
2018a)), such incidents are uncommon. The detailed documentation of the Killdeer incident and the
study of contaminated wells in Bradford County, Pennsylvania (Llewellyn et al, 2015) both demon-
strate hydraulic subsurface migration of fracturing fluid and impacts to water resources, controvert-
ing the assertion by Halliburton Energy Services, Inc. in numbered comment 9 above that there is “no
evidence” of the migration of fracturing fluids into drinking water resources via any subsurface path-
way. The Killdeer and Bradford County incidents are described in more detail in this response and in
the previous response on migration.

In response to comments on problems associated with deteriorating well-integrity as wells age
(numbered comments 10, 14, 15, and 18 above), the Commission recognizes that this is known to be
a problem. The long history of conventional gas well production has shown that gas wells can de-
velop gas leaks along the casing years after production has ceased and the well has been plugged and
abandoned, as reported by the U.S. Geological Survey (McMahon et al, 2018); and a Canadian study
(Dusseault et al, 2000). The deteriorating integrity of the cement sheath providing long-term isola-
tion is a significant, continuing industry problem (Kellingray, 2007). Several studies have docu-
mented processes that can result in, and have resulted in, the deterioration of well integrity as wells
age. Geochemical reactions between the rock, cement and steel, or the cement, steel, and produced
water can corrode the casing as the well matures (Jackson et al, 2014).

The percentage of wells with potential gas migration indicated by sustained casing pressure (“SCP”)
has been shown to increase as wells age (Watson and Bachu, 2009), indicating that risks of gas mi-
gration could increase as wells age. The process of leak development as wells age is initiated primar-
ily by cement shrinkage, which leads to circumferential fractures in the cement that are propagated
upward by the slow accumulation of gas under pressure behind the casing. This process is explained
in detail by Dusseault, et al. (2000). We note thatin 2011, Pennsylvania upgraded its well construc-
tion regulations (see Appendix-4) to require routine monitoring of well integrity by operators and
reporting and remediation of problems. However, the research by Ingraffea (2014) described earlier
showed that, among unconventional wells of the same age, the risk of impairment for wells drilled

109



between 2009 and 2012 was not significantly different than that of wells drilled between 2000 and
2008.

With regard to numbered comment 13 above that cements used in well construction do not have a
documented history of long-term durability, the Commission relies on results of published research
and expert commentary on the subject. A study on this issue led by the National Energy Technology
Laboratory (NETL) concluded that

... long-term monitoring of zonal isolation performance is a paramount need
within the industry to better understand the performance of cement over
time; however, current tools and techniques are inadequate either due to cost
or lack of appropriate options.

(Kutchko, et al, 2012). Specifically noted was the need for better technology to demonstrate and
monitor isolation over the life of the borehole. Although the study was focused on deep offshore
wells, onshore wells are subject to the same causes of zonal isolation failure as offshore wells (AP],
2016). A 2019 study in British Columbia measured methane flux using flux chambers in the vicinity
of 17 gas well pads and detected methane flux at 15 of the pads in discontinuous, unpredictable pat-
terns. The study concluded that fugitive gas may go undetected without appropriate monitoring tech-
niques (Forde et al, 2019a).

With respect to numbered comment 12 above, concerning the variety of causes of well-integrity fail-
ure, the Commission agrees and notes that part of the problem is that achieving zonal isolation is
complicated. According to Annex D of API Standard 65-Part 2 on Isolating Potential Flow Zones Dur-
ing Well Construction, the design, engineering, and operational framework for successfully isolating
a potential flow zone involves multiple steps involving many factors, parameters, and operational
considerations (see Table 3). These steps include actions such as planning, decisions, assessments,
evaluations, calculations, interpretations, modeling, or simulations on all of the following:

Missteps in any of the actions associated with these 65 factors, parameters, and operational consid-
erations could lead to inadequate well integrity, and all of these actions demand sound engineering
judgment. In other words, there are many opportunities for component inadequacy or failure to oc-
cur. Many types of failures can occur during the step of cement slurry placement alone. George E.
King, a distinguished petroleum engineer and author of a textbook on hydraulic fracturing, cites nine
references with the following statement on cementing problems:

Problems in cementing are mostly from poor placement steps, lack of central-
ization in the casing string and from gas migration through the cement as it
sets.

(King, 2012). Some reported examples of cementing problems: If the viscosity and density of the
cement and drilling mud are too dissimilar, the cement will not displace the mud properly, but will
instead push into the mud in pockets or fingers, trapping fluid and creating channels for flow. Pump-
ing the cement slowly can minimize fingering, but pumping too slowly can result in static settling,

110



Factors, parameters, and operational considerations in-

. . . . . Number of factors, parameters, or oper-
volved in the design, engineering, and operational . . ; .

. . . ational considerations involved

framework for isolating a potential flow zone
Factors relating to Flow Potential Risk Assessment 3
Critical Drilling Fluid Parameters 3
Critical Well Design Parameters 10
Critical Operational Parameters 11
Critical Drilling fluid Removal Parameters 9
Critical Cement Slurry Parameters 15
Factors relating to Job Execution 8
Special Operational Considerations 6
Total number of factors, parameters, and operational 65
considerations

Source: API, 2010, Annex D

Table 3: Flow zone isolation factors

where the cement mixture separates into solid and liquid components. Another reason why the pace
of cement pumping must not be too slow is that elevated downhole temperatures can cause the ce-
ment to set more quickly than planned, reducing the time available for placing the cement slowly to
avoid fingering. Fluid loss from the cement into the formation can result in thickening times that are
too short (Soeder, 2017, p.45). Solid/fluid separation in angled or horizontal wells can occur through
dynamic settling. Changes in downhole stress can result in instability of the cement, causing fluid to
separate. The excess, low density fluid is especially problematic in horizontal wells where it can col-
lect along the upper side of the annulus and form a low-density channel for gas or fluid migration
(Greaves and Hibbert, 1990).

As industry techniques and recommended practices have improved, the list noted above has grown,
and it presumably will continue to grow as progress continues. In the relatively young industry of
hydraulic fracturing of unconventional wells, it is uncertain what new problems and associated im-
pacts will be identified, extending this list and further complicating the process of cementing a well.
The stakes are high for completing a cement job correctly. As noted in an article by Gunnar DeBruijn
(standards and knowledge development manager for Schlumberger, well integrity) and others in the
industry journal “Oilfield Review”:

Engineers and wellsite personnel have only one chance to achieve a successful
primary cement job for each casing string. Remedial cementing to solve prob-
lems associated with a faulty cement sheath has a less than stellar success rate
and may even reduce a well's productivity.

(DeBruijn et al, 2016, p. 19).

The research agrees with numbered comment 10 above that the hydraulic fracturing process can
contribute to well-integrity problems. As Daniel Souder, former researcher at the National Energy
Technology Laboratory, has explained, after the cementing process is complete, the well may
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experience cyclic stresses during multiple stages of the HVHF process that can open gaps within the
well annulus:

This [HVHF] process sends pressure pulses down from the surface, and it may
stress well casings and cement from the high pressures introduced during the
operation. If every annulus between every string of casing is filled with ce-
ment, as shown in some well construction diagrams from industry, the high
pressures could be transmitted through the steel and cement to the rock sur-
rounding the well. While cement is strong under compression, it is weak un-
der tension, and when the hydraulic fracturing pressure is released, the relax-
ation and rebound of the steel and cement can create a microannulus at the
interface of the cement and rock, or cement and steel. A microannulus can
persist for long vertical distances in a well, providing a pathway for gas and
other fluids to migrate upward.

(Soeder, 2017, p.72). In addition to being subjected to pressure changes as sequential fracturing
stages are started and stopped, the cement sheath is also subjected to variations in pressure within
individual fracturing stages. Sixteen or more sub-stages are conducted during each stage to sequen-
tially inject acid, slickwater fluid, slurries with different proppants, and flushing fluid (ALL Consult-
ing, 2012, p. 13; GWPC and ALL Consulting, 2009, p. 59; Mouser, 2019). Surface pressure and bot-
tomhole pressure variations also occur during individual sub-stages (Barth et al, 2012).

The problem of cement-sheath endurance has received international attention, and studies to evalu-
ate failure mechanisms and cement fatigue-endurance limits have been conducted in countries in-
cluding USA, China, Saudi Arabia, and Norway. While the studies employ different approaches aiming
to help improve engineering strategies for improving well integrity, they consistently highlight the
depth of the problem. One USA research team observed:

The cement sheath fails after a certain number of cycles when reaching its
fatigue-endurance limit.

(Shadravan et al, 2015). In this laboratory study, cement samples were stressed under temperature
and pressure-differential cycles designed to replicate in-situ conditions. The samples failed after as
few as 11 cycles. The researchers noted that results do not imply the occurrence of failure scenarios
in real wells. A Chinese team conducting similar testing found that, “After 14 cycles, the cement
sheath generates radial cracks.” (Zhou et al, 2019). A Norwegian team observed that:

... obtaining a good cement job along the planned length of the casing string
can be difficult to achieve.

... Even if a proper annular cement sheath has proven to be acceptable by
means of a pressure test and cement bond logs, the integrity of the bulk ce-
ment and bonding to casing and formation may be threatened as a result of
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cement deteriorating and changing downhole conditions over the well life cy-
cle.

(Andrade and Sangesland, 2016). A Saudi Arabia study found that the wellbore permeability of an-
nular cement increases as cement age increases (Ramadan, 2019).

Hydraulic fracturing occurs repeatedly in stages (often 15-20 stages per well, per stimulation event),
meaning that the vertical casing strings are subjected to the stimulation pressure stresses described
above many times over the lifetime of the well. As demonstrated in a 2014 study by CSI Technologies
and Texas A&M University, different cement blends with similar performance properties have differ-
ent laboratory-determined fatigue-endurance limits, and as a result, some cement blends are more
prone to bond failure than others (McDaniel et al, 2014a). The Commission acknowledges that the
oil and gas industry is working diligently to improve cementing technology for better performance.
Some examples of research topics include: improving the fundamental basis for assessing of ce-
ment/matrix strength (Li et al, 2016a); using advanced numerical approaches to simulate cement
flow (Grasinger et al, 2015); and using laboratory-scale simulations of cement performance to better
replicate wellbore pressure (Li et al, 2018). However, the ultimate benefits of these and other re-
search efforts are yet to be understood. Results of scientific research on long-term well integrity
following the application of improved methods that benefit from recent research are not available at
present.

Well-integrity may also be compromised by accidents such as explosions, blowouts, and other equip-
ment failures. These events may result in mechanical failure and fluid migration or release. A specific
type of accident that can be caused by errors in HVHF well design is interwellbore communication,
sometimes referred to as “frac hits.” The Energy Resources Conservation Board (now called the Al-
berta Energy Regulator, or AER) published its Directive 083, which describes interwellbore commu-
nication as follows:

Interwellbore communication occurs when a communication pathway has
been established between a subject well and an offset well. A communication
pathway may cause a well control event at an offset well, which may result in
subsurface impacts or a release of fluids to the surface, placing the public and
the environment at risk.

(ERCB, 2013). The offset well may be a well in production, an idle well, or an abandoned well. The
total number of existing oil and gas wells in all these categories in Pennsylvania has been estimated
to exceed 330,000 (Dilmore et al, 2015). Although there are presently few oil or gas wells in the
Delaware River Basin, if HVHF were to be permitted, the number of potential offset wells would be
expected to increase, which would in turn increase the risk of interwellbore communication over
time as new wells are constructed near older wells. In 2016, the PADEP adopted regulations to ad-
dress communication with offset wells.

Numbered comment 5 above, asserting that risks due to declining well integrity do not increase over
time because pressures decrease over time, conflicts with reliable research contradicting this claim.
Although natural gas pressures generally decrease over time to about 20-30 percent of the original
pressure (Dusseault and Jackson, 2014), as long as there is enough pressure to reach areas in the well
that could be susceptible to integrity issues, there are risks to water resources from the migration of
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methane and other gases. As noted above, this problem is commonly known in the industry as "Sus-
tained Casing Pressure,” or “SCP”. An industry definition of SCP is the following:

excessive casing pressures in wells that persistently rebuilds after bleed-
down. SCP is caused by gas migration from a high-pressured subsurface for-
mation through the leaking cement sheath in one of the well's casing annuli.
It may also be caused by defective and leaking tubing connections, downhole
accessories or wellhead seals.

(Pegasus Vertex, Inc., 2019). SCP is acknowledged as a common problem in U.S. shale reservoirs
(McDaniel et al, 2014b), and faulty well boreholes are a primary pathway of concern for gas migra-
tion from gas-bearing formations into shallow freshwater aquifers (Lackey and Rajaram, 2018).

Natural gas production using HVHF together with horizontal drilling to stimulate unconventional
wells is a relatively young industry, and as a result, little data exists on aging well-construction ma-
terials that have been subjected to hydraulic fracturing and on water resources that may have been
or may in the future be impacted. In the Commission’s assessment, the evidence to date suggests that
risks stemming from lack of mechanical integrity may be higher for HVHF unconventional wells than
for conventional wells. According to a study by the Energy Institute at the University of Texas at
Austin, led by Chip Groat, former Director of the U.S. Geological Survey:

Blowouts due to high gas pressure or mechanical failures happen in both con-
ventional and shale gas development. Shale gas wells have the incremental
risk of potential failures caused by the high pressures of fracturing fluid dur-
ing hydraulic fracturing operations.

(Groat and Grimshaw, 2012). Several important institutional processes contribute to the proper and
safe development of a gas well and the success or failure of well integrity and zonal isolation. These
processes include: (1) the establishment of industry techniques and standards; (2) government reg-
ulation of the industry; (3) systematic independent review and improvement of government regula-
tory programs; (4) industry adherence to guidance and compliance with regulations; and (5) moni-
toring of outcomes. Each of these processes plays an important role in ensuring well integrity and
zonal isolation. Inadequacies or gaps in any of these processes could result in problems relating to
well integrity, migration of gas and/or fluids, and impacted water resources. Uncertainties in each
of these processes are cumulative, and the resulting risks posed by failures of HVHF well integrity to
shallow aquifers and surface water resources are a major DRBC concern.

INDUSTRY STANDARDS AND RECOMMENDED PRACTICES

With regard to API and other industry comments on industry standards (numbered comments 1-4
above), DRBC recognizes that the oil and gas industry has developed standards, recommended prac-
tices, and techniques that have improved over time. API has developed over 600 standards covering
all segments of the oil and natural gas industry. API's published Hydraulic Fracturing Guidelines lists
112 Standards, Specifications, Bulletins, Publications, Technical Reports, and Recommended Prac-
tices that support hydraulic fracturing (API, 2019). The robust industry processes for developing
and reviewing standards are recognized as demonstrations of industry trade association efforts to
recommend practices to develop unconventional gas resources as safely as possible. However, there
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are important gaps in industry guidance on especially challenging technical procedures, such as ce-
ment testing. The issue was evident at least 45 years ago when Continental Oil engineers lamented:

Despite its potential, the cement bond log is probably one of the most abused,
misused, and misunderstood logs used in the oil field today. Miscalibration,
inadequate information, and a severe lack of standardization are enough to
push petroleum engineers into a morass of bewilderment.

(Fertl et al, 1974). Although there is general API technical information on cement sheath evaluation
(API, 2008), the standard for cement testing and evaluation is still missing, according to the following
2015 statement by a Research Consultant source at Chevron Energy Technology with 37 years of
experience in the industry:

The industry has been working to relate cement mechanical properties to suc-
cess/failure with annular isolation in the actual well for approximately 20
years; however, there are still no American Petroleum Institute standardized
cement-testing and evaluation protocols for cement mechanical properties,
and there is much room for improvement.

(Carpenter, 2015). Although specific, standardized testing and evaluation protocols have not been
established, API in 2008 issued a Technical Report (which conveys technical information butis not a
standard) on cement sheath evaluation. The technical report indicates that the industry acknowl-
edges the need to improve the current state of cementing methods and practice. The following ex-
cerpt is from page 1 of the API Technical Report on Cement Sheath Evaluation:

One must understand and never lose sight of the purpose of cement-sheath
evaluation. It is ultimately to assess the cement's integrity and ability to
achieve its objectives throughout the lifetime of the well. It is not to interpret
whether the logs indicate a “good” or “bad” cement bond. Such misguided
practice tends to be more prone to error. It can cause financial loss and has,
in part, given cement evaluation a bad name. Tools employed in logging oper-
ations have various physical limitations that will be described later; for this
reason, one must never interpret logs in isolation, without the well and ce-
menting data. Without a clear perspective and strategy for cement-sheath
evaluation, one cannot defend against the age-old and often sensible assault.

If all we obtain from the logs is comfort when they look
good, or discomfort when they look bad, but no confident
remedial option, why do we waste time and money running
the logs?

Therefore, performing a cementing job correctly in terms of design and exe-
cution is far more important. However, proper evaluation is indispensable,
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and the evaluation process is a powerful tool if used appropriately to improve
future jobs.”

(API, 2008 (emphasis in original)). The preceding paragraph alludes to an apparent age-old problem
of misguided practice in cement sheath evaluation, echoing the lamentations of industry engineers
across decades. The intent of the 2008 Technical Report appears to be to educate operators and
thereby correct the problem, but the need to include the italicized statement in this guidance docu-
ment does not inspire confidence in the state of cementing methods and practice. It highlights an-
other reason why so much uncertainty persists about well integrity and zonal isolation: apparently,
cement evaluation is difficult and has been considered a waste of time and money. According to a
report by Daniel Soeder of the National Energy Technology Laboratory,

The best way to reduce uncertainty in the interpretation [of cement-testing
results] is by running multiple tools that use different methods [using differ-
ent measurement devices and methods] to measure the cement integrity. Few
companies do this, however, because it is a significant added expense.

(Soeder, 2017, p.45). In addition to gaps in sound methods and practice, there is a potentially im-
portant element of uncertainty in the applicability of the available guidance. As some industry pub-
lications on guidance are careful to point out, some practices may not be applicable in all regions
and/or circumstances (ANSI and API, 2015, p. 1), and there always remains a need for applying sound
engineering judgment regarding when and where the API guidance is followed (API, 2010, Special
Notes, p.iii). The existence of guidance does not mean it is correct nor does it prevent human failings,
including failure to follow the guidance. Accidents, mishaps, or mistakes in developing unconven-
tional gas resources can result from poor well construction and operational practices (Considine et
al, 2012). They can also result from inexperience, impatience, overconfidence, lack of knowledge,
cost-cutting, distractions, or an uncaring attitude (Soeder, 2017, p.67).

An examination of an example of industry guidance brings to light an important limitation of the
guidance and some inherent uncertainty that comes with that limitation. Consider the 2015 ANSI/API
Recommended Practice 100-2, entitled “Managing Environmental Aspects Associated with Explora-
tion and Production Operations Including Hydraulic Fracturing” (ANSI and API, 2015). On page 1 of
the document is the following statement regarding the conditions of applicability of the recom-
mended practices:

This document provides technical guidance only, and practices included
herein may not be applicable in all regions and/or circumstances.

In other words, there may be regions or circumstances where the recommended practices described
in the document may not be appropriate for managing environmental aspects associated with explo-
ration and production operations including hydraulic fracturing. These regions or circumstances are
not identified in the guidance, nor is there a specified procedure for determining whether the guid-
ance applies in a given region or circumstance. The applicability of the industry guidance, therefore,
is subject to uncertainty. In short, industry guidance on HVHF is substantial, but gaps and confusion
persist regarding industry guidance on cement testing and managing environmental aspects.
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REGULATIONS

Drinking water resources are protected by a collection of federal, state, tribal, and local laws, regula-
tions, and polices focused on both water quality and water quantity. However, states generally have
primary responsibility for protecting drinking water resources from the impacts of hydraulic frac-
turing activities. In response to numbered comment 11 above to the effect that well casings, cement-
ing, and cement plugs are not regulated to protect aquifers, the Commission disagrees. State oil and
gas regulations are in place to help ensure that proper materials are used, proper procedures are
followed, sound engineering judgement is employed, and that desired outcomes result. For example,
the PADEP’s regulations provide that:

[t]he operator shall case and cement a well to ... (2) Prevent the migration of
gas or other fluids into sources of fresh groundwater. (3) Prevent pollution
or diminution of fresh groundwater.

(25 Pa. Code § 78a.81(a)). Despite this and other regulations, impacts to groundwater resources from
stray gas have occurred as a result of improper well construction, resulting in the contamination of
private wells that render them unusable. An example that is well-documented by Penn State Uni-
versity and the U.S. Geological Survey is the gas well leak that started in 2011 in Lycoming County,
PA, contaminated 12 private wells, and caused methane to discharge to nearby streams that have
protected water uses of Cold Water Fisheries and Migratory Fishes (Grieve et al, 2018; Woda et al,
2018; Heilweil et al, 2015). In 2015 the PADEP issued an order for the operator to take corrective
actions. Corrective actions were taken by the operator, but they were unsuccessful in stopping the
gas leak. In 2016 the PADEP requested additional corrective actions, which were attempted but were
also unsuccessful. Following two years of inaction by the operator to correct the problem, in January
2020 the PADEP issued another order requiring corrective actions. (PADEP, 2020a) The operator
responded to the order by denying responsibility for impacting the water supplies (Legere, 2020).
To the Commission’s knowledge, the leak continues unabated, contaminating groundwater resources
and protected streams.

Some industry standards are incorporated in state regulations, and like industry standards, state reg-
ulation of hydraulic fracturing activity is developing and improving with time. For example, in 2011
Pennsylvania’s regulations were amended substantially by the addition of enhanced casing and ce-
menting standards for new well construction (Carter et al, 2011). States have considerable latitude
in setting regulations, and there is wide variation from state to state in regulations designed to pro-
tect water resources (GWPC, 2017, p. 8-21). Pennsylvania’s regulations have incorporated some of
the latest industry standards, but not all applicable industry standards have been (or realistically can
be) incorporated into regulations. Although the Commission has not conducted a thorough, inde-
pendent review of Pennsylvania’s oil and gas regulations to determine what technical improvements
could be made, it has studied the largely positive findings of technical reviews of Pennsylvania regu-
latory programs by other organizations, as described in the following section and in Section 2.1.2,
State and Federal Rules, above. Even though Pennsylvania’s regulatory program for the most part
meets or exceeds the evaluation criteria used by third-party reviewers, adverse impacts from HVHF
occur. This supports the Commission’s conclusion that the risks to water resources of the Basin from
HVHF-related activities cannot be adequately controlled other than by prohibiting HVHF in the Basin.
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COMPLIANCE

There are different interpretations of the extent of HVHF industry compliance with Pennsylvania
regulations and the acceptability of the extent of compliance. Industry claims to take pride in its
compliance record and has made broad claims about compliance such as these:

We comply with regulations, industry standards, and industry best practices
and continually update technology that instills confidence in zonal isolation
and well integrity for our industry, stakeholders, and society.

(DeBruijn, 2016), and

...acombination of technological advances, existing state and federal regula-
tion, and strict compliance by operators has been sufficient to protect and
preserve drinking water resources.

(MSC, 2018, p. 10 (tech.)). However, the record of industry compliance with regulations (as noted
by MSC in numbered comment 6 above) requires closer examination. The MSC claims an environ-
mental compliance rate of 97 percent. See, MSC, 2018, p. 3 (Itr.)(citing a 2017 MSC evaluation of
PADEP inspection, violation and enforcement data). A 3 percent environmental failure rate, if accu-
rate, would present serious risks. The actual failure rate, however, appears to be higher. The percent-
age of drilled wells in Pennsylvania with polluting events was 52.9 percent in 2008 but improved
over the next three years (Considine et al, 2013). Although the rate of compliance with regulations
appears to be high on a percentage basis, the consequences of infrequent, yet numerous, instances of
non-compliance are a concern. The 2017 PADEP Annual Oil and Gas Report states that unconven-
tional well violations increased from 456 in 2016 to 821 in 2017. The Commission notes that PADEP
changed the way it documents ongoing violations (see Appendix-4) and that this contributed to the
increase. Of the 821 violations in 2017, 67 were administrative-related and 754 were environmental
health and safety-related, a number equal to about 5 percent of the 16,296 inspections of unconven-
tional gas wells that year. Of the 754 environmental and safety-related violations, 56 were for “con-
ducting an activity . .. without a permit or contrary to a permit issued by DEP”; 56 were for “failure
to prevent gas flow in the well annulus . . .”; 49 were for “failure to plug a well upon abandoning it”;
and 42 were for “conducting casing and cementing activities that failed to prevent pollution or dimi-
nution of fresh groundwater.” (PADEP, 2018b).

Comment 8 above, submitted by API regarding release incidents, appears to underestimate the rate
of incidents of unpermitted discharges to waters of the Commonwealth. The comment refers to an
analysis by ALL Consulting of Susquehanna County data for 2013-2017 (ALL Consulting, 2018). The
ALL analysis of incidents involving the release of materials includes only Clean Streams Law section
401 violations33 (six violations); it does not appear to include violations of Section 301 of the Clean
Streams Law, prohibiting the discharge of industrial wastes into waters of the Commonwealth except
as authorized by the statute. The characterization of an incident as resulting from a “401” versus a
“301” violation in the case of incidents relating to natural gas drilling and production is not clearly

33 Section 401 of Pennsylvania’s Clean Streams Law, 35 P.S. § 691.401, broadly prohibits and declares to be “a
nuisance” the discharge to waters of the Commonwealth (including ground waters) of “any substance of any
kind or character resulting in pollution as herein defined.”
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prescribed. Moreover, the ALL analysis does not appear to account for Water Supply Determination
Letters (WSDLs) issued by the PADEP, identifying cases where PADEP determined that a private wa-
ter supply was impacted by oil and gas activities. The PADEP issued 13 WSDLs for wells in Susque-
hanna County during 2013-17 (PADEP, 2019d). Accordingly, the number of incidents resulting in
potential releases to the waters of the Commonwealth would likely be higher than that suggested by
the commenter.

Another PADEP report (PADEP, 2018a) provides a summary of the state's Mechanical Integrity As-
sessment Program, which requires quarterly inspections of well integrity. An analysis of 2014 data
showed that less than 1 percent of operator observations indicated the types of integrity problems,
such as gas outside surface casing, that could allow gas to move beyond the well footprint. The num-
ber of occurrences of gas outside the surface casing was 115 in 23,316 inspection events (0.49 per-
cent). Although this percentage is low, the number of occurrences is substantial. These facts make it
abundantly clear that even with a high rate of compliance with updated regulations, many problems,
each with potentially severe consequences, can still be expected to result.

Expressed as an aside in their 1990 Society of Petroleum Engineers paper on why wells leak and what
should be done about it, Maurice Dusseault of the University of Waterloo and his co-authors weigh in
with their own lament:

we do not believe that the problem can be totally eliminated because of the
vagaries of nature and human factors, despite our best efforts.

(Dusseault et al,, 2000). A study that examined data on well barrier and integrity failure around the
world, with specific analyses of the unconventional Marcellus Shale wells in PA, concluded:

It is likely that well barrier failure will occur in a small number of wells and
this could in some instances lead to some form of environmental contamina-
tion.

(Davies et al, 2014).

WELL INTEGRITY OUTCOMES

Pennsylvania oil and gas regulations require weekly inspections of well sites until the well site is
stabilized and the earthmoving permit has been terminated, and quarterly inspections are required
thereafter; however monitoring of groundwater and surface water conditions is not a requirement,
unless in response to a contaminant release incident.3* Monitoring well integrity outcomes includes
performing studies that examine and analyze well-integrity information (described earlier), conduct-
ing planned observation of environmental conditions in areas where hydraulic fracturing is taking
place (described in Section 2.3.3.3, Groundwater Impacts), and the documentation of incidents in
which unintended environmental impacts or potential impacts occur. The Commission agrees with
numbered comment 19 above that numerous release incidents have occurred in Pennsylvania and
elsewhere as a result of HVHF activity, many of which involved the loss of well integrity. Some

34 Teleconference with PADEP Office of Oil and Gas Management personnel, March 14, 2019.
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examples of unplanned incidents involving well-integrity failure are noted below and in Section
2.3.2.2, Pollution from Spills.

In some instances, mechanical integrity failures during well design or construction or that develop
over a well's lifetime have contributed to the movement of gas and/or hydraulic fracturing fluids
resulting in impacts to groundwater resources. Over the many decades of oil and gas development
in Pennsylvania, failures of well integrity have contributed to hundreds of documented cases of water
supply impacts (and in some cases, gas explosions resulting in injuries and fatalities) (PADEP,
2018a). Some cases were severe and resulted in large releases of contaminants or impacts to private
and public water supplies. Examples of documented cases of HVHF well-integrity failures occurred
in Bainbridge Township, Ohio in 2007 (ODNR, 2008, p. 6; Bair et al,, 2010), near Killdeer, North Da-
kota in 2010 (U.S. EPA, 2015c), in Dimock, PA in 2009 (PADEP, 2009; PADEP, 2010), in Lycoming
County, PA (Phillips, 2015; Phillips, 2017), and in the numerous cases of gas migration noted previ-
ously. As of September 22, 2020, the PADEP had identified and published 356 cases statewide in
which a private water supply was impacted by oil and gas activities. This compilation included im-
pacts by both conventional and unconventional drilling activities and impacts unrelated to well-in-
tegrity failure (PADEP, 2019d). Details of these and other cases of impacts to water supplies are
presented in Section 2.3.3.1, Drinking Water Resources.

An example of a major interwellbore communication incident (which apparently prompted the En-
ergy Resources Conservation Board of Alberta, Canada to issue its Directive 083, noted above) oc-
curred in Garrington, Alberta on January 13, 2012. A horizontal well was being stimulated and a com-
munication pathway was created between the stimulated horizontal well and a vertical well produc-
ing from the same formation 432 feet away, resulting in fluids migrating from the stimulated well to
the nearby producing well and the uncontrolled release of hydraulic fracturing fluid and formation
fluids to the surface through the vertical well. An estimated 75 cubic meters (about 20,000 gallons)
of fluids were released. The cause of the incident was the flawed design of the horizontal well stim-
ulation. According to the ERCB:

The root cause of this incident was the fact that the planned fracture stimula-
tion size was too large for the separation distance between the two wells.

(ERCB, 2012). A contributing factor in this incident was that the vertical well operator was not noti-
fied of the planned stimulation of the neighboring horizontal well and continued producing during
the stimulation. Ten days after the incident, the ERCB released a bulletin (and later, Directive 083)
requiring operators, among other things, to conduct fracture propagation modelling and to notify
offset well owners. As the number of HVHF wells developed in an area increases and distances be-
tween well laterals decrease, the risk of interwellbore communication increases. The Commission
notes thatin 2016 the PADEP adopted regulations to address communication with offset wells.

Accidents on HVHF well pads are an infrequent category of well-integrity failure, but they represent
a legitimate risk of substantial environmental impact, and reports on accidents serve as important
examples of well integrity outcome. An example is the equipment failure on a Chesapeake Energy
well pad in Bradford County, Pennsylvania on April 19, 2011, which reportedly allowed thousands of
gallons of HVHF fluid to flow onto the pad, overwhelm containment measures, and discharge into a
tributary to the Susquehanna River (Gilliland, 2011). Another example is the reported explosion at
an XTO-owned well pad near Powhatan Point, Ohio on February 15, 2018. The explosion damaged
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the wellhead and caused the loss of control of the well for 19 days. The accident resulted in the un-
controlled release of over 5,000 gallons of HVHF fluid into a tributary of the Ohio River and, by EPA’s
estimation, the release of 2 billion cubic feet of natural gas to the atmosphere (USEPA, 2018a; DiS-
avino and Palmer, 2018; Grant, 2018). The cause of the incident was reportedly a pressure buildup
that resulted in the failure of a well casing (Grego, 2019). This 2018 incident is particularly troubling,
as itoccurred after several years of industry progress in the development of standards and best prac-
tices, which API described (one month after the XTO incident) as resulting in “significant improve-
ments to system integrity, reliability, and integrated safety.” (API, 2018, pp. 1-2).

The experiences in Pennsylvania and elsewhere, as documented in studies furnished in comments
submitted to the DRBC and in additional studies referenced in this response, demonstrate that the
migration of gas and other fluids as a result of compromised or degraded well integrity can contam-
inate water resources and drinking water supplies. The many documented incidents of well integrity
problems and impacts demonstrate that even with improved regulations and industry best practices,
itis likely that the migration of gases and HVHF fluids will result in contamination of water resources
in the Delaware River Basin if this activity is permitted. An accurate prediction of the frequency and
severity of long-term impacts to water resources as a result of faulty well construction will not be
possible until conclusive results are obtained from long-term monitoring of well-construction mate-
rials and impacted water resources, and until results of migration pathway studies of incidents and
long-term groundwater flow conditions become available.

In conclusion, the Commission appreciates the complexities involved in high volume hydraulic frac-
turing and developing unconventional gas wells, and the industry’s efforts to develop and promote
effective standards and recommended practices for the protection of water resources. The Commis-
sion recognizes the many factors and challenges that come into play in achieving the goals of well
integrity and zonal isolation over the life cycle of an unconventional gas well. It also recognizes that
the technology of hydraulic fracturing is relatively young and continues to evolve. But the Commis-
sion is equally cognizant of the many factors and challenges that come into play in knowing whether
well integrity and zonal isolation have been achieved and whether impacts to water resources have
occurred. The science behind our understanding of HVHF impacts to water resources is relatively
young and continuing to evolve. A consequence of the continuing evolution of the technology and
the science is a high level of uncertainty regarding impacts, including long-term impacts stemming
from the aging of materials. Daniel Soeder, a former researcher at the DOE National Energy Technol-
ogy Laboratory and former STRONGER review team member, describes the importance of the uncer-
tainty issue this way:

Questions certainly can be raised about the long-term performance of shale
gas wells, including issues related to possible deterioration of cement or steel
well casing. . . . Gaining a better understanding of the factors that affect the
integrity of gas wells over long time periods is a critical uncertainty that must
be addressed for the future development of gas resources.

(Soeder, 2017, p.120). Industry’s efforts to establish and implement standards, and the efforts of
state and federal regulators to craft rules and ensure compliance are not always successful, and while
the probability of failure is low, the consequences of failure and the impacts to water resources, as
the short history of HVHF has shown, can be severe.
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RISKS TO WATER RESOURCES FROM FLUID MIGRATION - SUMMARY

After carefully considering the numerous comments the Commission received on potential risks to
water resources of the Basin from pollution caused by gas and other fluid migration associated with
high volume hydraulic fracturing, and after evaluating a decade of scientific and technical data and
literature on this topic, the Commission has found:

e Risks to water resources from high volume hydraulic fracturing and related activities include
releases of methane, chemicals, and highly contaminated fluids, and the migration of these
substances to groundwater and surface waters.

o Numerous scientific papers and reports document occurrences and evidence of the presence
of gas and/or suspected hydraulic fracturing fluids or produced water in groundwater in dif-
ferent settings and circumstances. Although several other studies report little or no evidence
of migration of gas or fluids, the weight of the evidence indicates that high volume hydraulic
fracturing and related activities can and have resulted in the migration of these substances
through artificial and/or natural pathways, resulting in adverse impacts to water resources.

e On the basis of the peer-reviewed literature to date, DRBC finds that the probability of fluid
migration is low in “typical” unglaciated, tectonically tranquil shale-gas settings where the
target formation is deep, flat-lying, and characterized by low permeability, and in which gas
wells are constructed and maintained properly. In other circumstances, the probability of
migration may be substantially higher.

o The probability of fluid migration as a result of HVHF may be substantially higher in settings
other than those described in the first sentence of the preceding paragraph as “typical.” The
northeastern Pennsylvania setting, which includes portions of the Basin, is a-typical, in the
sense described above. Numerous documented incidents of impacts to water resources have
occurred in connection with natural gas extraction in northeastern Pennsylvania. The causes
have included, among others, improper well construction and/or maintenance, and/or the
natural geologic characteristics of this region.

e Research has demonstrated that local geology can help explain why fluid migration to aqui-
fers sometimes occurs in areas of HVHF activity. The geologic setting in northeastern Penn-
sylvania and southern New York may be more prone to potential migration and impacts to
water supplies than are more “typical” shale-gas settings such as those of the Marcellus Shale
in central and western Pennsylvania, and those of other shale-gas areas in Texas, Colorado,
Wyoming, North Dakota, and Montana.

e The likelihood of induced seismicity in the DRB as a result of development of Marcellus Shale
gas, and the subsequent migration of gas or fluids through pathways generated by HV-in-
duced seismicity appears to be low. The likelihood of induced seismicity in the DRB as a result
of development of Utica-Point Pleasant shale gas may be less certain.

o The literature makes evident that technical problems during the complex process of cement-

ing gas wells have plagued the industry for decades. The process requires sound engineering
judgment in conducting actions on 65 critical parameters, factors, and operational
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considerations. After the cementing process is complete, the well may experience cyclic
stresses during the HVHF process that can open gaps within the well annulus, resulting in
leaks. No American Petroleum Institute standardized protocols exist for cement-testing and
evaluation of cement mechanical properties.

Reliable studies of the frequency of well integrity failure during well stimulation (a single
phase of a well’s life cycle) in Pennsylvania indicate a range of results from 0.12-1.1 percent.

As aresult of metal corrosion and/or cement shrinkage, gas wells can develop gas leaks along
the casing years after production has ceased and the well has been plugged and abandoned.

Failures of well integrity associated with HVHF would in the Delaware Basin allow the migra-
tion of fluids into groundwater and surface waters the quality of which is to be “preserve[d]
and protect[ed] in a safe and adequate condition for the uses specified in the Comprehensive
Plan.” (WQR § 4.10). For ground water, these uses include “domestic ... and public water
supplies;” and “a source of surface water suitable for recreation, wildlife, fish and other
aquatic life.” (WC § 3.40.3).

Even with a regulatory program highly rated by STRONGER and a high rate of industry com-
pliance with regulations, many pollution events with severe consequences have occurred in
regions outside the Delaware River Basin. If high volume hydraulic fracturing were to pro-
ceed within the Basin, such events would occur in the Basin as well, and by impairing or
foreclosing protected water uses, would substantially impair or conflict with the Commis-
sion’s Comprehensive Plan.

The Commission agrees with and relies on EPA’s understanding and interpretation of the
peer-reviewed scientific research published through 2016, including the EPA’s conclusions
that hydraulic fracturing activities can impact water resources under some circumstances;
and that such impacts can range in frequency and severity, depending on the combination of
hydraulic fracturing water cycle activities and local- or regional-scale factors.

After EPA issued its final report on Impacts from the Hydraulic Fracturing Water Cycle on
Drinking Water Resources in the United States in 2016, additional research was published
reinforcing EPA’s conclusions and providing additional evidence that in the regions in which
it is permitted, HVHF is accompanied by adverse impacts to water resources. The observed
effects on water resources described in the literature to date are effects that within the Dela-
ware River Basin would constitute substantial impairment and conflict with the Commis-
sion’s Comprehensive Plan.

In view of the above, the Commission has determined that if HVHF were permitted and commercially
recoverable gas were present in the Delaware River Basin, HVHF would be performed at dozens or
hundreds of well pad sites in the Basin, primarily: in rural areas dependent upon groundwater re-
sources, in sensitive headwater areas considered to have high water resource values, and in areas
draining to DRBC Special Protection Waters. As has been demonstrated in regions outside the Basin,
losses of well integrity would occur, resulting in subsurface migration of harmful pollutants into
groundwaters the Commission has designated as sources of drinking water. The pollutants would
include gas, salts, metals, radioactive materials, organic compounds, endocrine-disrupting and toxic

123



chemicals, and chemicals for which toxicity has not been determined, impairing such designated use.
These events would be dispersed over thousands of acres of sensitive water resource features, in a
region characterized by extensive geologic faults and fractures.

A decade of experience in other regions has shown that regulation is not capable of preventing ad-
verse effects or injury to water resources from HVHF-related spills, gas and other fluid migration,
and releases of chemicals and hydraulic fracturing wastewater. Accordingly, the Commission has
determined that controlling future pollution by prohibiting high volume hydraulic fracturing in the
Basin is required to effectuate the Commission’s Comprehensive Plan, avoid injury to the waters of
the Basin as contemplated by the Comprehensive Plan and protect the public health and preserve the
waters of the Basin for uses in accordance with the Comprehensive Plan.

2.3.2.4 Pollution from Wastewater Treatment and Disposal

This subsection addresses comments concerning wastewater handling and disposal from HVHF ac-
tivities. If HVHF activities were to be permitted in the Delaware River Basin, wastewater from the
process would need to be stored, handled and transported within the Basin and potentially treated
and disposed of within the Basin, within or outside the state of origin.

Comments that are related solely to the importation of wastewater or to the treatment and discharge
provisions set forth in proposed rule Section 440.5 are not addressed in this document because pro-
posed Section 440.5 has been withdrawn from the Commission’s consideration. In this document,
the terms “produced water”, “flowback water”, and “fracturing fluids” and other terms used to de-
scribe HVHF wastewater are aligned with definitions used by the EPA. See, U.S. EPA, 2016b, pp. xiii-

xv. Also see, Appendix 2 - Glossary of Wastewater Terms in this Comment and Response Document.

STATEMENT OF CONCERN (SC-36)

Many commenters provided data, information and opinion about the handling, treatment and dis-
posal of wastes generated by high volume hydraulic fracturing activities. These wastes primarily in-
clude flowback water and produced water (i.e. fluids used in the hydraulic fracturing process as well
as formation fluids and transformation products that return to the surface following completion of a
well and during and after production) and will be the focus of this specific response. Certain concerns
addressed impacts to water resources from hydraulic fracturing chemicals and additives used in the
well drilling and production phases as well as dissolved material such as salts/brines and radioactive
substances returning to the surface. Some commenters expressed concern about HVHF wastewater
in general and its impact upon the water resources of the Basin. Others argued that hydraulic frac-
turing is safe and/or that DRBC’s proposed regulations were unnecessary or unjustified.

PARAPHRASED COMMENTS FROM THOSE WHO GENERALLY SUPPORT SECTION 440.3 OF THE DRAFT

RULE (AND GENERALLY OPPOSE HYDRAULIC FRACTURING) IN THE DELAWARE RIVER BASIN INCLUDE:
o Hydraulic fracturing wastewaters are complex and variable, fraught with uncertainties about
identity and composition, and inherently distinct from other types of wastewater for which

DRBC now issues dockets. The only meaningful option for controlling such wastes is to pro-
hibit them altogether.
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The HVHF process yields wastewater containing over 1,000 contaminants that can cause sig-
nificant harm to human health, wildlife and the environment, and there is no safe way to han-
dle, treat, and dispose of all this hydraulic fracturing wastewater. The only way to eliminate
the outsized risk of exposing people, wildlife, and the environment to this contamination is
to prohibit its storage, treatment, processing, disposal, and discharge in the Basin.

There are no treatment options that can remove the contaminants in a cost-effective manner;
until such a process is developed, discharge of HVHF water should simply be banned within
the Basin to avoid the unreasonable risk of contamination to drinking water resources as well
as ecological harm to waters in the lower portion of the Basin.

Improper disposal of produced wastewater poses a significant risk to the water resources of
the Basin. This waste stream is unlike other industrial and domestic waste streams. It poses
significant risks to human health and the environment if improperly handled.

If treatment of hydraulic fracturing wastewater is permitted in this region, the DRBC should
establish adequate water quality standards for all chemicals that could be present to ensure
wastewater has been properly treated and harmful chemicals have been neutralized.

The oil and gas industry waste fluids classified as "brines" contain large concentrations of
toxic substances including heavy metals (barium, chromium, cadmium, and lead), volatile
toxic chemicals (including benzene, ethylbenzene, toluene and xylene - often referred to as
BTEX), surfactants (such as 2-butoxyethanol), pesticides, corrosive materials (chlorides, bro-
mides, and ammonium), carcinogenic and radioactive substances including uranium, radium,
radon, and the radioactive decay artifacts of these elements.

The handling of residual contaminants removed by evaporative or membrane processes, and
thus concentrated to form even more contaminated wastes, was not discussed in the draft
regulations, other than to indicate that residual salts or concentrated brine will require "fur-
ther treatment or disposal”. Some of the fracking produced water has been recycled several
times making it a highly potent toxic solution.

Pollutants can spread downstream to negatively impact all the watershed states, the habitats,
fish, wildlife, and recreational values of the river and our vulnerable drinking water supplies.

There is no step-by-step accounting of hydraulic fracturing water flowback.

PARAPHRASED COMMENTS FROM THOSE WHO GENERALLY OPPOSE SECTION 440.3 OF THE DRAFT
RULE (AND GENERALLY SUPPORT HYDRAULIC FRACTURING)

O

Government data and scientific research show that hydraulic fracturing is safe and does not
contaminate drinking water. Given this evidence, DRBC's proposed rule goes too far. DRBC's
proposed rules to ban hydraulic fracturing are neither scientifically based nor realistic.

The federal government creates framework environmental laws that often prescribe regula-
tory minimum thresholds for states to follow. For example, the Clean Water Act (“CWA”) ap-
plies to oil and natural gas operations. The CWA allows for the establishment of the National
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Pollutant Discharge Elimination System (“NPDES”), which, in most states, regulates how oil
and natural gas operators manage wastewater discharges from their sites.

Specific to Pennsylvania, in 2010 DEP established new regulations affecting the discharge of
produced water with elevated total dissolved solids (“TDS”). The regulations established four
revised effluent standards for TDS, chlorides, barium, and strontium - which publicly-owned
treatment works (“POTWSs”) and centralized waste treatment (“CWT”) facilities were re-
quired to meet. In May of 2011, DEP asked operators to stop discharging shale produced wa-
ter to POTWs and CWTs because of water quality concerns downstream of municipal dis-
charge points. PADEP wastewater management plans require that wastewater (fluids) must
be recycled, treated at an authorized wastewater treatment facility, or disposed at an author-
ized waste disposal facility. DEP approval is required before the receiving treatment or dis-
posal facility can accept the wastewater for processing and/or disposal.

Some of the water and wastes resulting from exploration and production of oil and natural
gas may contain low levels of radioactivity through contact with underground formations.
The industry operates under federal, state, and local regulations to manage, store and dispose
of these materials in a safe manner, which protects both workers and the community. Low
levels of naturally occurring radioactive material (NORM) are all around us. They are in the
foods we eat and the houses we live in, and in the air, rocks, and soil in the environment.

In 2016 the US EPA Technical Development Document attempted, but failed, to characterize
the pollutants in unconventional oil and gas waters. Therefore, DRBC should not consider
there to be any pollutants of concern in oil and gas wastewater.

DRBC's proposal to prohibit HVHF operations in the Delaware River Basin is an extreme over-
reaction based upon either a misunderstanding or a misinterpretation of the most current
and accurate information about the level of risk to surface water and groundwater sources
from HVHF operations.

Significant advancements in the technical and energy efficiency of desalination technologies
allow for the effective removal of Total Dissolved Solids (TDS), which will allow for the suc-
cessful treatment of produced water and not pose a harm to public health or safety.

Given the rapid changes and innovations in the oil and natural gas industry and the im-
portance of maintaining non-consumptive water options, DRBC should preserve companies'
flexibility to manage produced water. Prohibiting present and future wastewater manage-
ment options will not advance environmental protection or improve water quality.

Where hydraulic fracturing may cause adverse impacts under certain conditions, the natural
gas industry has addressed those potential impacts for years using a three-prong approach:

- Ever-improving industry practices (backed by industry-recognized standards),
- Robust state regulatory programs, and

- Federal regulations.
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RESPONSE (R-36)

INTRODUCTION

The DRBC acknowledges the comments highlighting the unique and complex nature of the wastes
generated during hydraulic fracturing operations. For the reasons outlined below, we disagree with
commenters who suggest that the proposed regulations are not scientifically based. The Commission
has carefully considered currently available scientific and technical information about the level of
risk to surface water and groundwater and agrees with the conclusions of comprehensive reports on
the subject by EPA and the State of New York as described below.

The Commission recognizes efforts by the oil and gas industry to develop unconventional gas re-
sources as safely as possible. In addition, the research has indicated and the Commission also recog-
nizes that some of the historical impacts from wastewater handling are due to practices for the dis-
posal of conventional wastewater; however, the Commission has concluded that the collection, stor-
age, handling, transport, treatment, discharge, and disposal of wastewater from high volume hydrau-
lic fracturing activities presents significant risks, vulnerabilities and impacts to the water resources
of the Delaware River Basin.

Shale gas development through unconventional drilling (i.e. hydraulic fracturing) is an industrial ac-
tivity that entails some categories of risk generally shared by other industrial, commercial, and agri-
cultural development activities and others that are specific to this activity. As explained in greater
detail below and in other sections of this document, the activities and materials associated with un-
conventional gas development pose particularly severe risks which can result in, and have resulted
in, significant impacts to surface and ground waters and to protected uses that include drinking water
and aquatic life. Furthermore, the long-term impacts of this relatively young phase of the industry
on surface water, groundwater and aquatic life are not fully understood.

BACKGROUND

The process of HVHF results in significant volumes of a unique class of wastewater known as “flow-
back”, “produced water” or “oil and gas wastewater” that must be contained, stored, and reused,
treated, discharged and/or disposed. (HVHF can produce other wastes such as drilling mud or drill
cuttings; however, these classes of wastes are not addressed in this response.)

The U.S. EPA has provided a full characterization of produced water and a comprehensive discussion
of wastewater disposal and reuse (see U.S. EPA, 2016a, Chapters 7 and 8, respectively). For the pur-
poses of this comment response, consistent with U.S. EPA (2016a), the term “produced water” will
be used to refer to fluid flowing from the gas well.

The Commission also agrees with the conclusion of the New York State Department of Environmental
Conservation that:

Proper treatment, management and disposal of wastewater from HVHF pre-
sent a number of potential significant adverse environmental and health im-
pacts for which adequate mitigation has not yet been determined.

(NYSDEC, 2015a, p. RTC-152)
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In responding to comments concerning HVHF wastewater, the Commission staff relied on four addi-
tional studies developed by or at the direction of technical agencies of its signatory parties, including:

1. EPA’s]June 2016 reportentitled: Technical Development Document for the Effluent Limitations
Guidelines and Standards for the Oil and Gas Extraction Point Source Category (U.S. EPA,
2016b). Wastewater specific to shale development in the Marcellus Shale formation is char-
acterized in this EPA report. EPA’s primary purpose for the report was to enable the agency
to develop a final Clean Water Act regulation that would better protect human health and the
environment by maintaining the operational integrity of publicly owned treatment works
(“POTWSs”). The purpose of the EPA regulation was to establish pretreatment standards to
prevent the discharge to POTWs of pollutants in harmful concentrations in wastewater from
onshore unconventional oil and gas (“U0G”) extraction facilities. The EPA report recognizes
that UOG extraction wastewater can be generated in large quantities and has constituents
that are potentially harmful to human health and the environment. Because these constitu-
ents are not typical of POTW influent wastewater, and typical POTW processes are not de-
signed to treat them, some UOG extraction wastewater constituents can be inadequately
treated and discharged from the POTW to the receiving stream; can disrupt the operation of
the POTW (e.g. by inhibiting biological treatment); can accumulate in biosolids (i.e., sewage
sludge), limiting its use; and can facilitate the formation of harmful disinfection byproducts
(“DBPs”) downstream and in public water supply systems that rely on the receiving stream
as source water (see, U.S. EPA, 2016b, p. 1).

2. PADEP’s 2015 TENORM Study (updated May 2016) (prepared by Perma-Fix Environmental
Services), which analyzed the naturally occurring levels of radioactivity associated with both
conventional and unconventional oil and natural gas development in Pennsylvania. While the
report outlines recommendations for further study, it concludes there is little or limited po-
tential for harm to workers or the public from radiation exposure due to the development,
completion, production, transmission, processing, storage, and end use of natural gas
(Perma-Fix, 2016). However, the report does identify potential radiological environmental
impacts from oil and gas fluids if spilled, and a potential long-term issue associated with filter
cake disposal.

3. EPA’s 2018 study entitled: Detailed Study of the Centralized Waste Treatment Point Source
Category for Facilities Managing Oil and Gas Extraction Wastes. EPA’s primary goal in this
study was to determine whether its existing CWT regulations should be updated in response
to changes in the industry that could affect facilities accepting oil and gas extraction wastes.
The report provides details on direct and measurable impacts on surface water quality and
sediment from discharges by existing CWT facilities that treat oil and gas wastewater, and
the potential impacts from these discharges to human health and aquatic life. The results and
conclusions of this study informed DRBC’s understanding of the characteristics of HVHF
wastewaters, as well as the risks and impacts to water resources from discharges of treated
oil and gas wastewater by CWTs and as the result of inadvertent releases (i.e. without treat-
ment of any kind) (U.S. EPA, 2018b).

4. EPA’s 2020 study evaluating management of produced waters from onshore oil and gas ex-

traction activities. EPA issued results of the study in a draft report (U.S. EPA, 2019) and in a
final report (U.S. EPA, 2020a). The stated goals of this study were to: (1) evaluate approaches
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to manage onshore oil and gas extraction wastewaters; and (2) understand any potential
need for additional discharge options and concerns associated with identified options. That
is, EPA wished to determine whether any actions are appropriate to further address oil and
gas extraction wastewater (U.S. EPA, 2020a). EPA conducted outreach to a variety of stake-
holders nationwide, including state agencies, oil and gas industry members, tribes, NGOs,
members of academia, and other entities. Of concern to the Commission is that this report
appears to emphasize the exploration of additional discharge options, including revising ef-
fluent limitations guidelines and standards (“ELGs”) to allow for “broader discharge” of pro-
duced water, rather than to address the documented impacts to surface water quality from
discharges by existing CWTs (as set forth in detail in U.S. EPA, 2018b). Among the themes
communicated to EPA from oil and gas industry members was “concern over the ability to
meet water quality standards in certain areas where surface waters are of high quality.” The
Special Protection Waters of the Delaware River Basin are surface waters of high quality. Oil
and gas industry members further communicated that, “If the costs and regulatory burden
for managing produced water are too high, certain areas may not be developed. In addition,
areas that are currently producing resources may need to be prematurely shut-in if produced
water management costs significantly increase.” (U.S. EPA, 20204, p. 27).

As noted in Section 2.3.2.1, Water Use, of this Comment and Response Document, the average volume
of fluid used per hydraulic fracturing event has increased significantly to accommodate the expand-
ing depth and length of directional drilling. Over time, industry has extended the horizontal lateral
portion of unconventional natural gas wells further through the targeted shale formation and has
deepened wells to reach the Utica Shale formation (Konrath et al,, 2018). As a result, the quantity of
flowback and produced water returned to the surface overall (not simply per well) is expected to
increase in Pennsylvania. Rahm et al. (2013) reported that 6 million meters3 (or nearly 1.6 billion
gallons) of wastewater had been generated in the process of extracting natural gas from shale in
Pennsylvania alone between 2008 and 2011. Kondash et al. (2017) found that, on average, uncon-
ventional oil and gas wells yield a range of between 0.5 and 3.78 million gallons of produced water
during the first ten years of production. EPA found that a range of 420,000 to 1.3 million gallons of
produced water was recovered from each Marcellus shale well in the Susquehanna River Basin be-
tween 2008 and 2013 (U.S. EPA, 20164, p. ES-14 (Figure ES-4a)).

The EPA estimated that 90 percent of produced water from the Marcellus Shale in the Susquehanna
River Basin in Pennsylvania was recycled and reused in the hydraulic fracturing process (U.S. EPA,
20164, p. ES-14 (Figure ES-4a)). A similar estimate was provided by David Yoxtheimer of the Penn
State Marcellus Center for Outreach and Research. Yoxtheimer (2014) reported an 87 percent recy-
cle rate and a 10 percent disposal rate at regulated underground injection wells. In the same presen-
tation, Yoxtheimer stated that of the recycled water, 22 percent was disposed of via centralized treat-
ment and surface water discharge. However, the produced water that is recycled is normally highly
diluted with additional fresh water to make up the necessary volumes. According to the American
Geosciences Institute, “[T]he Marcellus Shale in the northern Appalachians produces very little water
compared to other major oil- and gas-producing regions [(citing Kondash et al, 2017)]. Almostall of
the produced water is reused in hydraulic fracturing operations, but the small amount of water pro-
duced compared to the amount used means that produced water can provide only a small fraction of
the water needed for hydraulic fracturing in this area [(citing Vidic and Yoxtheimer, 2017)].” (Allison
and Mandler, 2018).
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According to EPA, Pennsylvania has 57 CWTs accepting oil and gas wastewater (the report does not
specify whether the waste is from conventional or from unconventional well sources), the highest
number of any state in the United States (U.S. EPA, 2018b, p. 8-4). Although a significant volume of
wastewater may be recycled, the pollutants in unrecycled wastewater and their loads require treat-
mentand disposal. In 2012, 2.3 percent of produced water in Pennsylvania was discharged to surface
waters (Veil, 2015, p. 94 (Table 5-52)).

CHARACTERIZATION OF HYDRAULIC FRACTURING WASTEWATER

Because wastewater from HVHF poses risks to water resources through spills and other inadvertent
releases, faulty casings and cementing, subsurface migration, partially treated discharges and other
means, knowing its composition is important to evaluating risks and impacts. Following stimulation
of an unconventional gas well (i.e. injection of fracturing fluids under high pressure into the target
formation), residual fluids gradually return to the surface, first as flowback and, subsequently, as
produced water. Produced water contains: base fluids (most often water), proppants (most often
sand) and additives used in hydraulic fracturing fluids; saltwater naturally found in the pore spaces
of the targeted rock formation, which can contain varying amounts and types of metals, radioactive
materials, hydrocarbons (e.g., oil and gas), and other chemicals; and chemical products that are
formed when chemicals in hydraulic fracturing fluids undergo chemical reactions, degrade, or trans-
form (U.S. EPA, 20164, p. ES-33-35). Most of the injected fluid remains underground, while roughly
10-30 percent returns to the surface (U.S. EPA, 20164, p. ES-34). Produced water that returns to the
surface flows from the wellhead to on-site storage facilities before being transported offsite via truck,
rail or pipeline for treatment, disposal and/or reuse.

According to U.S. EPA (2018b, p. 1-2), “oil and gas extraction wastes can contain a variety of constit-
uents, including biochemical oxygen demand (“BOD”), bromide, chloride, chemical oxygen demand
(“COD™), specific conductivity, sulfate, total dissolved solids (“TDS”), total suspended solids (“TSS”),
barium, potassium, sodium, strontium, benzene, ethylbenzene, toluene, xylenes, sulfide, gross alpha,
gross beta, radium 226, and radium 228,” as well as chemicals contained in injection fluids. The
chemistry of produced water changes over time, especially during the first days or weeks following
hydraulic fracturing. Generally, concentrations of cations, anions, metals, naturally occurring radio-
active material (“NORM”), and organics in produced water increase over time (U.S. EPA, 201643, p. 7-
12).

EPA has reported the following characteristics of HVHF wastewater:

TOTAL DISSOLVED SoLIDS (TDS): Produced water commonly has high concentrations of TDS.
The concentration of TDS in produced water from the Marcellus Shale formation has been
reported to have a range of 10,000 - 300,000 mg/L. The TDS concentration of seawater is
about 35,000 mg/L. High concentrations of TDS degrade the potability of drinking water,
generally on the basis of taste, and can corrode water conveyance pipes. High levels of TDS
also negatively affect aquatic biota through increases in salinity, loss of osmotic balance in
tissues, and toxicity of individual ions. Increases in salinity cause shifts in biotic communities,
limit biodiversity, exclude less-tolerant species and cause acute or chronic effects at specific
life stage. High TDS levels can also adversely affect agriculture irrigation and livestock water-
ing.
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HALIDES: High concentrations of halides (e.g., bromide, chloride, iodide) are often present in
produced water and in the discharged effluents from CWT facilities treating 0&G wastewater
that lack specific technologies for their removal. Halides in TDS originate from the rock and
brine formations. At high concentrations, halides such as chloride can be directly toxic to
aquatic organisms. Halides also pose potential drinking water concerns due to their reactivity
and potential to form disinfection byproducts (DBPs) that can adversely affect human health.

METALS: Wastewaters from HVHF commonly have high concentrations of metals, including
barium, calcium, iron, magnesium, manganese, and strontium. These metals occur naturally
in the brines located within shale formations. EPA has established chemical-specific national
recommended water quality criteria for some of these metals (e.g., Ba, Mn, Fe) based on a
variety of human health or ecological benchmarks. Produced waters and CWT facility effluent
have been reported to routinely exceed many of these criteria.

RADIOACTIVE SUBSTANCES: Naturally occurring radioactive materials (NORM) primarily
come from uranium-thorium decay sequences (e.g., Ra226, Ra228) and are present in virtu-
ally all environmental media, including rocks and soils. These radionuclides can become mo-
bilized through HVHF, and as such, are technologically enhanced or TENORM. Soluble radio-
nuclides are commonly present in produced water, with the specific makeup of nuclides and
isotopic composition dependent on the geological formation. HVHF and shale gas drilling op-
erations bring TENORM to the surface during production operations because subsurface ge-
ologic formations commonly contain higher amounts of radioactive isotopes than surface
rock or soil, and radioactive isotopes desorb into solution at high salinity. TENORM can be
present in CWT effluent and can, under certain environmental conditions, precipitate out in
receiving waters or be incorporated into downstream sediment. TENORM can also concen-
trate in waste sludge generated by CWT processes, resulting in materials that have radioac-
tivity levels exceeding the ambient levels in the geologic formations. For more discussion
about radioactivity in produced water and potential risks see Section 2.3.2.2, Pollution from
Spills.

OTHER CONSTITUENTS: Other potential pollutants in wastewater from HVHF activities in-
clude chemicals contained in injection fluids, such as surfactants, biocides, wetting agents,
scale inhibitors, and organic compounds. The composition of some hydraulic fracturing
chemicals is disclosed to the public, while the composition of others is considered confiden-
tial business information (CBI). For more information about CBI chemicals, refer to Section
2.6.2 in this document. In a study of hydraulic-fracturing fluids and wastewater from uncon-
ventional oil and natural gas development, Elliott et al. (2017) systematically evaluated 1021
chemicals identified in hydraulic-fracturing fluids (n=925), wastewater (n=132), or both
(n=36) for potential reproductive and developmental toxicity to identify those with potential
for human health impact. The researchers found that toxicity information was lacking for 781
(76%) chemicals. Of the remaining 240 substances, evidence suggested reproductive toxicity
for 103 (43%), developmental toxicity for 95 (40%), and both for 41 (17%).

See, U.S.EPA, 2018b, pp. 9-1 - 9-4. Additional information about additives and chemicals used during
the drilling process and the toxicity of those chemicals is discussed in Section 2.3.2.2, Pollution from
Spills.
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Many chemicals used in HVHF are known to be hazardous. That is, they are carcinogenic, neurotoxic
or endocrine disrupting, or have immune system effects or reproductive and developmental toxicity.
Although a lack of information regarding the toxicity of specific chemicals is not unique to HVHF, the
majority of chemicals associated with hydraulic fracturing have not undergone significant toxicolog-
ical assessment (U.S. EPA, 20164, p. ES-42-45, 9-1).

WASTEWATER REGULATIONS

In U.S. EPA (2019), the EPA’s study goal was to evaluate approaches to manage oil and gas extraction
wastewaters generated at onshore facilities, including but not limited to an assessment of technolo-
gies for facilities that treat and discharge oil and gas extraction wastewaters to surface waters. The
EPA obtained input from a variety of states, tribes and stakeholders concerning produced water man-
agement under the Clean Water Act (“CWA”). While some entities were supportive of expanding dis-
charge opportunities that would increase flexibility, reduce costs, and increase available water sup-
plies, others opposed such expansion due to concerns about environmental or human health impli-
cations. The EPA indicated that it intends to consider the information obtained during the outreach
activities before determining next steps for produced water management under the CWA.

The background for the EPA study indicates that large volumes of wastewater are generated in the
oil and gas industry, and these volumes are expected to increase. At present, the majority of this
wastewater (consisting mostly of produced water) is disposed of by means of underground injection,
through which the wastewater is injected into deep wells and can no longer be accessed or used. As
the limits of injection capacity are evident in some areas, new approaches are becoming necessary.
Some states and stakeholders, particularly in water scarce areas of the country, are evaluating steps
to treat and reuse the wastewater for other purposes. As noted earlier, the natural gas industry in
Pennsylvania disposes of only about 10 percent of its wastewater by underground injection. How-
ever, EPA’s 2020 report could have national implications as the EPA looks for opportunities to extend
the treatment and discharge of HVHF wastewater. Currently, direct discharges of pollutants from
produced water to surface waters are prohibited. Discharges of oil and gas wastewater are subject
to EPA’s oil and gas extraction effluent limitations guidelines and pretreatment standards (“ELGs”)
set forth at 40 C.F.R. Part 435. As revised in 2016 this set of regulations prohibits the discharge of
pollutants from unconventional oil and gas extraction activities directly to POTWs. See, 81 Fed. Reg.
41845 (June 28, 2016). Discharges to surface waters from CWT facilities that accept produced water
are subject to ELGs found at 40 C.F.R. Part 437.

The PADEP in 2010 amended its wastewater treatment requirements under the Clean Streams Law
for new and expanding discharges of TDS (see 25 Pa. Code § 95.10). Discharges that commenced be-
fore August 2010 were generally exempt from the new requirements, although any modification of
such a discharge would require approval. Because of concerns about water quality downstream of
municipal wastewater treatment plants exempt from the new requirements, the PADEP in May of
2011 asked operators to stop sending produced water from shale gas extraction to such facilities
(PADEP, 2011). While the bestinformation available to DRBC indicates that operators are complying
with the PADEP request, no law or regulation fully prohibits the treatment and discharge of oil and
gas wastewater by municipal wastewater treatment plants not designed to manage these wastes.
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Under 25 Pa. Code § 95.10, new and expanding discharges of treated wastewater resulting from hy-
draulic fracturing may be authorized by the PADEP provided that the following requirements are
met:

e Discharges are from facilities classified as CWTs

The discharge contains no more than 500 mg/L of TDS as a monthly average

The discharge contains no more than 250 mg/L of total chlorides as a monthly

The discharge contains no more than 10 mg/L of total barium as a monthly average
The discharge contains more than 10 mg/L of total strontium as a monthly average

WASTEWATER TREATMENT EFFECTIVENESS

Studies of wastewater treatment effectiveness reveal that produced water from high volume hydrau-
lic fracturing contains constituents that can cause adverse impacts to water resources even after
treatment. While certain commenters suggested that the current EPA and state rules are effective in
managing treatment, discharge and/or disposal of wastes, several studies have highlighted poten-
tially significant risks and impacts to water resources under recent or current practices. The effec-
tiveness of centralized wastewater treatment was examined by EPA in 2018 (U.S. EPA, 2018b). EPA
outlined numerous risks and adverse impacts to water resources from CWT effluent and also found
that analytical methods of detection and effluent guidelines are not available for the full range of
constituents in wastewater from HVHF activities (U.S. EPA, 2018b, p. 1-3). Other examples of impacts
to surface waters from HVHF wastewater handling are described in Section 2.3.3.2, Surface Waters
and Aquatic Life of this Comment and Response Document. These include the following, among oth-
ers:

e U.S.EPA (2018b, pp. 9-9 - 9-10) showed that TDS concentrations in waters from a CWT dis-
charge were usually above the secondary drinking water maximum contaminant level
(“SMCL”) of 500 mg/1, which can be harmful to freshwater aquatic life. The toxicity of TDS to
aquatic organisms can vary widely depending on its ionic composition (Mount et al., 1997).

e A focused study that established background water quality in western Pennsylvania streams
and showed that the impacts on one such stream of effluent from a facility that exclusively
treated oil and gas wastewaters showed that the effluent increased downstream concentra-
tions of chloride and bromide to above background levels (Warner et al., 2013a). The study
provides a historical record of surface water impact from the facility and demonstrates that
effluent from CWT facilities treating HVHF wastewater can lead to persistent sediment con-
tamination many miles downstream.

o Geezaetal (2018) evaluated the accumulation of metals in the shell material of bivalves as a
marker to trace historical upstream wastewater discharges. The findings suggest not only
that freshwater mussels can be used as chemical recorders of HVHF wastewater contami-
nants in waterways, but that wastewater contaminants likely bioaccumulated in areas of sur-
face discharge. Observed changes in the ratios of strontium/calcium and in strontium isotope
ratios in shells collected downstream from the discharge corresponded to the time of the
greatest intensity of Marcellus shale gas wastewater disposal, the period from 2009 through
2011.
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Section 2.3.3.1 of this document, which discusses impacts on drinking water resources resulting from
HVHF, cites the following studies, among others, that document impacts from wastewater treatment
plant discharges:

e A 2013 study showed increased levels of barium, strontium, and bromide since 2003 in west-
ern Pennsylvania streams known to receive brine effluents from CWTs (Vidic et al., 2013).

e In 2010, the Pittsburgh Water and Sewerage Authority (“Authority”) observed a significant
increase in total trihalomethanes (“TTHMs"), a class of DBPs, in the Authority’s finished wa-
ter. An investigation by the Authority and the University of Pittsburgh’s Swanson School of
Engineering found that elevated bromide concentrations in the Allegheny River source water
were associated with increased concentrations of TTHMs, especially brominated THMs, in
the drinking water, and that industrial wastewater treatment plants treating Marcellus Shale
wastewater along with other wastewaters were major contributors of bromide in the raw
source water. The study results also indicated that the conventional treatment process used
by the Authority for drinking water, which includes enhanced coagulation and secondary sed-
imentation, was ineffective in removing bromide from the source water. (States et al, 2013).

e A 2015 report by the U.S. EPA determined that the source of nearly all bromide at a public
drinking water system intake on the Allegheny River in western Pennsylvania was treated
wastewater discharged from CWTs treating oil and gas wastewater. (U.S. EPA, 2015f).

e A study by the U.S. Geological Survey also showed that discharges from oil and gas
wastewater treatment plants are sources of DBPs (Hladik et al, 2014). These results are
highly relevant to the Delaware River Basin, as DBP formation also has been identified as a
concern in public water supplies that use the Delaware River as a source (PWD, 2007). Even
with typical treatment, the discharge of HVHF wastewater to surface waters could potentially
impact downstream drinking water supplies with the increased risk of DBP formation.

API and MSC both commented that treatment technologies exist that can remove TDS and other con-
stituents in HVHF wastewater, although neither commenter specifically addressed the need to treat
radioactive materials to protect water resources. See, API, 2018, pp. 11-12; MSC, 2018, pp. 24-26
(tech.). API's consultant ALL outlined available options, including high cost advanced treatment tech-
nologies. See ALL, 2018, pp. 48-57). EPA has outlined multiple treatment technologies that could be
employed, along with costs, capabilities and limitations. These include: chemical precipitation, evap-
oration/condensation, crystallization, reverse osmosis, biological treatment, and ion exchange. See,
U.S. EPA, 2018a, Ch. 6. Additional technologies that may be applicable to CWTs have been used or
researched for treating oil and gas extraction wastewaters in the laboratory or at non-CWT facilities.
These include electrocoagulation, electrodialysis reversal, capacitive deionization, membrane distil-
lation and forward osmosis. Id, p. 6-44. DRBC acknowledges that advanced treatment technologies
exist that could be deployed by CWTs.
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Chevron Appalachia, LLC indicated that it was the first company to be independently certified by the
Center for Responsible Shale Development (“CRSD”)35 and that it maintained that certification
through annual audits (Chevron Appalachia, LLC, 2018). The CRSD developed 15 performance stand-
ards to reflect leading industry practices. Companies can seek certifications in Air & Climate, Water
& Waste, or both, concurrently. While Chevron indicated its support for comments submitted to
DRBC by the MSC, neither the MSC nor API recognized the CRSD or its standards in their comments.

CRSD performance standard 1.2 states:

1. In order to facilitate comprehensive wastewater management programs
that consider environmental, safety, health, and economic factors, Operators
may send shale wastewater to a Centralized Waste Treatment facility (CWT)
for treatment and discharge if the Operator demonstrates the following con-
ditions are satisfied at the CWT:

a. The CWT has, and is in substantial compliance with, a NPDES discharge
permit to treat and directly discharge shale wastewater;

b. The CWT meets or exceeds a CRSD shale wastewater effluent perfor-
mance standard to be based on current best available technology designed to
prevent the discharge of toxic pollutants in toxic amounts;

c. The CWT must use best available technology for all fluids discharged. Best
available technology requires a combination of distillation and biological
treatment, with the addition of reverse osmosis if CRSD determines based on
further analysis that it provides protection necessary to ensure effluent qual-
ity. CRSD may authorize the use of different technologies or combinations of
technologies that provide equivalent or superior treatment;

d. The CWT adheres to acceptance procedures designed to assure that the
wastewater delivered by the Operator is compatible with the other wastes
being treated at the facility, treatable by the treatment system, and consistent

35 CRSD has described itself as a non-profit organization whose vision is to bring together environmental and
gas industry leaders committed to driving continuous innovation and improvement of shale development prac-
tices within the Appalachian Basin. The launch date and status of the organization are at present unclear. Com-
pare, e.g., devex.com, which indicates CRSD was founded in 2011, and an item in Marcellus Drilling News (MDN)
in 2018, reporting that CRSD launched in March of 2013 as the Center for Sustainable Shale Development
(CSSD). “Center for Responsible Shale Development has NOT Folded its Tent,” Marcellus Drilling News, Sept.
11, 2018. https://marcellusdrilling.com/2018/09/center-for-responsible-shale-development-has-folded-its-
tent/#:~:text=In%20April%200f%20this%20year.is%20n0%20longer%20in%20operation. According to the
latter source, CRSD lost its executive director in April of 2018, and its website went dark sometime thereafter.
As recently as January 15, 2020, a conference ostensibly mounted by CRSD took place under the banner of the
Wilton E. Scott Institute for Energy Innovation at Carnegie Mellon University. See, https://www.cmu.edu/en-

ergy/crsd-summit.html.
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with the specific waste stream the facility was permitted to treat and dis-
charge;

e. The CWT does not indirectly discharge wastewater from a CRSD Operator
through a POTW.

(CRSD, 2017, p. 2).

Despite the availability of advanced treatment and best available technology, such as that outlined
by the CRSD, a review of 11 “in-scope” CWT facilities (including 8 in Pennsylvania) published by EPA
in 2018 indicated that none used the best available technology recommended by the CRSD. See, U.S.
EPA, 2018b, p. 4-18 (Table 4-9).

EPA’s 2018 review of CWTs managing oil and gas extraction wastes examined several data sets and
studies to evaluate the effectiveness of current treatment practices. Key among its findings were the
following:

o TDS concentrations in effluent and in receiving waters downstream of these CWT facilities
are higher than upstream concentrations. Upstream concentrations ranged from 104 to 246
mg/L, while downstream concentrations ranged from 250 mg/L to 5,926 mg/L. The large
variability in downstream TDS concentrations occurs because studies report results from
sites located at varying distances from the effluent discharge location; two of the studies had
sites over 300 meters downstream.

e Conductivity increased by an order of magnitude or more at sites downstream from CWT
discharge points compared to upstream sites. Upstream conductivity measurements were
below 200 pS/cm, whereas downstream conductivity ranged from 200 to 8,400 puS/cm. In
another study, observed conductivity concentrations increase from 290 pS/cm to over 1,300
uS/cm downstream of a CWT facility. Conductivity values greater than 1,000 pS/cm can neg-
atively affect fish assemblages and macroinvertebrate growth and survival (U.S. EPA, 2018b,
p. 9-11, citing Kimmel and Argent, 2010; and Johnson et al., 2014). thus, these elevated con-
ductivity measurements resulting from CWT discharge are a potential threat to aquatic life.

e Effluent concentrations of chlorides documented in the literature from CWTs treating
wastewater from high volume hydraulic fracturing activities can exceed EPA’s recommended
criteria for protection of aquatic life by many orders of magnitude, ranging from 229 mg/L to
117,625 mg/L. As expected, patterns of higher concentrations of chlorides downstream of
CWT facilities were reported as compared to upstream samples.

e Bromide is another component of TDS and, like chloride, the concentrations at sites upstream
and downstream of CWT facilities follow a pattern similar to TDS. In regard to CWT facilities,
there are more studies reporting bromide concentrations than TDS and chloride because el-
evated bromide concentrations in source water can increase formation of certain disinfectant
byproducts (DBPs) during drinking water treatment processes.
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e Metals such as barium, lithium, and strontium can all be components of HVHF wastewater,
but few studies of C'WTs focus on the impacts of metals on receiving waters. Table 4 below
provides the range of concentrations reported in relevant literature cited by EPA (USEPA
2018b) for upstream, effluent, and downstream concentrations for those three metals. Con-
centrations of barium and strontium in CWT effluent are high enough to elevate downstream
concentrations above the respective drinking water Maximum Contaminant Levels (MCLs).
In general, Marcellus Shale produced waters tend to contain higher TENORM levels than wa-

Metal Concentrations Upstream, in CWT Effluent,
and Downstream (all units in mg/L)

Metal Upstream Effluent Downstream MCL
Barium 0.05t0 1.3 0.99 t027.3 0.15t0 10.9 2.0
Lithium <0.025 3.36 0.31 to 0.66 No MCL
Strontium 0.05t00.19 42 to 2,981 0.49 to 73 3.0

Table 4: Metal Concentrations in CWT Effluent
Source: USEPA, 2018b (Table 9-2)

ters from other formations. When high-salinity CWT effluent mixes with the low-salinity re-
ceiving water, radionuclides tend to adsorb onto stream sediments. As presented by EPA
(USEPA 2018b, Figure 9-5) the combined Radium (Ra) concentration in effluent averaged
25.1 pCi/L. At 50 m downstream, the mean Ra combined concentration was 11.06 pCi/L,
which exceeds the Ra-combined drinking water MCL of 5 pCi/L. At 400 m downstream from
the effluent discharge, Ra-combined remained elevated compared to upstream values (0.312
to 0.632 pCi/L), but fell below the MCL to 4.3 pCi/L.

o Warner et al. (2013a) measured radium concentrations in sediment upstream, downstream,
and at the discharge location. They found that radium was substantially reduced in the
treated effluent relative to the source produced water (> 90 percent), but 226Ra levels in
stream sediments were measured at 15-240 pCi/g at the point of discharge. These sediment
concentrations are approximately 200 times greater than radioactivity found in upstream
and background sediments (0.6-1.2 pCi/g) and exceed many states’ radioactive rules or reg-
ulations for unrestricted solid waste disposal, which range from 5-30 pCi/g.

e PADEP analyzed radium concentrations in sediments above and below a CWT facility dis-
charge point. Like Warner et al. (2013a), PADEP found elevated Ra-combined levels in the
sediment approximately 50m downstream (1.8-2.1 pCi/g) compared to upstream levels
(0.8-0.9 pCi/g). Sediment concentrations at the CWT discharge location ranged from 73.9-
85.5 pCi/g, over 70 times higher than the upstream concentrations, and above the upper
range (30 pCi/g) for states’ regulations for solid waste disposal.

(U.S.EPA, 2018b, pp. 9-9-9-17). Additional discussion on risks from radioactive TENORM substances
is provided in Section 2.3.2.2, Pollution from Spills.

As noted above, in Pennsylvania about 90 percent of wastewater is recycled or reused and about 10
percent is disposed of using underground injection. For DRBC’s response to comments related to
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underground injection wells, see Section 2.7.3, Earthquakes. For additional discussion of radioactiv-
ity in produced water, see the earlier discussion in this Section. Also see, Section 2.3.2.2, Pollution
from Spills, under the subheading, “Radioactivity.”

STATEMENT OF CONCERN (SC-37)

Commenters have suggested that CWT facilities may, or may not, be effective in treating produced
water and wastewaters from HVHF.

Several comments were received from various sources concerning the effectiveness of CWT treat-
ment. The comments included the following paraphrased statements:

o CWT plants should be designed and permitted specifically to receive and treat oil and gas
produced water.

o Advances in science and technology should be regularly incorporated into produced water
treatment and discharge permitting regimes to continuously work toward more informed,
protective standards.

o CWTs should utilize best available technology, including at a minimum a combination of dis-
tillation and biological treatment (when necessary reverse osmosis).

o CWTs should follow acceptance procedures to ensure that influent is compatible, treatable,
and consistent with the waste stream the facility is permitted to accept and discharge.

o The claim that pollutants in produced water and HVHF wastewater from CWT facilities can
be addressed by “treating” to the EPA's Table of Pollutants of Concern and by requiring that
water quality standards be met for contaminants that have them, is not supported by the
facts. Some contaminants posing significant hazards to human health and flora/fauna (in-
cluding aquatic life) are not included in EPA's Table, are not subjects of water quality stand-
ards or other regulatory limits, have not been characterized sufficiently to allow them to be
used in a risk assessment, or remain unidentified because industrial operators consider them
trade secrets.

RESPONSE (R-37)

Because each natural gas well developed through high volume hydraulic fracturing may generate
over 1 million gallons of wastewater per fracturing event, safe methods of recycling and/or treatment
must be in place to handle that wastewater. Treatment in CWTs with subsequent discharge of efflu-
ent to the waters of the Basin would present significant risks to the receiving waters.

The Commission acknowledges that CWT facilities that receive and treat produced water or other oil
and gas wastewater should be designed and approved specifically for this purpose. The Commission
also acknowledges that technology changes over time, and CWT treatment should reflect best avail-
able technologies.
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0il and gas extraction wastes can contain a variety of constituents, including
biochemical oxygen demand (BOD), bromide, chloride, chemical oxygen de-
mand (COD), specific conductivity, sulfate, total dissolved solids (TDS), total
suspended solids (TSS), barium, potassium, sodium, strontium, benzene,
ethylbenzene, toluene, xylenes, sulfide, gross alpha, gross beta, radium 226,
and radium 228.

The pollutants present in and characteristics of oil and gas extraction wastes
can vary greatly. Factors that can influence the pollutants contained in and
the characteristics of these wastes include the source formation for the oil and
gas, the type of drilling and whether stimulation methods are used, the types
and quantities of additives used during drilling and well development, and the
age of the well.

The range of pollutants present in these wastes typically require the use of a
multi-step treatment train to meet discharge standards.

... Some facilities employ multi-step treatment systems specifically designed
to remove pollutants commonly found in oil and gas extraction wastes. Other
facilities use treatment, such as chemical precipitation, that remove specific
pollutants but provide little or no removal of the many other pollutants com-
monly found in these wastes. As a result, some facilities discharge much
greater quantities of pollutants, such as total dissolved solids and chlorides,
than others.

Costs for technologies to remove TDS can be high, but nonetheless can be cost-
competitive when factors such as transportation to alternate treatment or
disposal methods (such as to injection wells) are considered. In addition, tech-
nologies (such as evaporation) are available that use waste heat from other
industrial sources that, where co-located, can significantly reduce costs of
treatment.

EPA approved analytical methods do not exist for many constituents found in
oil and gas extraction wastes. In addition, some constituents (such as total
dissolved solids) found in oil and gas extraction wastes can interfere with EPA
approved analytical methods and significantly affect the ability to detect and
quantify the level of some analytes.

The current ELGs [(effluent limitation guidelines)] at 40 CFR Part 437 do not
contain limitations for many of the pollutants commonly found in oil and gas

The Commission concurs in the following key statements included in the executive summary of EPA’s
detailed 2018 study on the use of CWTs for oil and gas wastewater treatment:
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extraction wastes. Many of these pollutants are not included on the current
list of priority pollutants.

ok ok %

Removal of barium and co-precipitation of radium may create a solid waste
management issue at CWT facilities treating oil and gas extraction wastes.
More efficient barium removal from the wastewater in the presence of suffi-
cient radium may result in solid waste that exhibits radioactivity at levels that
preclude disposal in most landfills. In addition, it is plausible that radioiso-
topes in wastewater treatment residuals disposed in landfills may subse-
quently be released to the environment through leachate. The level of radio-
activity present in oil and gas extraction wastes is a function of source for-
mation characteristics.

Management of brines and salts produced from technologies such as reverse
osmosis, evaporators, and crystallizers may present a solid waste manage-
mentissue. Disposal of these residuals in landfills has the potential to increase
salinity of landfill leachate. Residuals that have marketable characteristics can
be produced at CWT facilities. Producing saleable residuals or materials that
can be beneficially reused may offset treatment costs. Other management op-
tions for these residuals include injection into disposal wells.

CWT effluents may have elevated levels of TDS, halides, metals, and techno-
logically enhanced naturally occurring radioactive materials (TENORM) rela-
tive to the receiving streams into which they are discharged dependent upon
the treatment technology utilized by the CWT. These elevated concentrations
are detectable in samples collected downstream of CWT facility discharge
points. The distance over which these elevated concentrations are detectable
depends on site-specific factors such as source formation, CWT facility dis-
charge volume, upstream concentrations of constituents, and river flow.

Documented and potential impacts to both aquatic life and human health re-
lated to discharges from CWT facilities treating oil and gas extraction
wastewater exist due to the prevalence of some pollutants. Levels of pollu-
tants downstream from CWT facility discharges have been reported to exceed
applicable thresholds, such as primary and secondary drinking water stand-
ards and acute and chronic water quality criteria for protection of aquatic life.

In a number of cases, CWT effluents have been shown to adversely affect
downstream aquatic life and, in one case, have been shown to affect survival
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of [the northern] riffleshell mussel [(Epioblasma torulosa rangiana)]3¢, a fed-
erally-listed endangered species (e.g., Patnode et al.,, 2015).

Multiple drinking water intakes are situated downstream of CWTs accepting
oil and gas extraction wastewater within distances at which impacts to drink-
ing water from CWTs have previously been identified. Drinking water treat-
ment plants downstream of CWT facilities treating oil and gas extraction
wastewater have noted a shift in the composition of DBPs from mostly chlo-
rinated DBPs to mostly brominated DBPs (McTigue et al., 2014), which are
more toxic than their chlorinated analogues. These shifts could affect human
health from consumption of treated waters.

(U.S. EPA, 2018b, pp. 1-2 - 1-4).

STATEMENT OF CONCERN (SC-38)

Commenters emphasize that if HVHF is permitted in the Delaware Basin, liquid wastes from HVHF,
whether treated at a CWT or not, will be spilled or released accidentally or dumped illegally and will
result in human health impacts.

RESPONSE (R-38)

The Commission agrees that spills, other accidents and illegal releases and discharges of produced
water, fracturing fluids or chemicals may result in human health or water resource impacts. For a
more detailed response to comments regarding spills of produced water, see Section 2.3.2.2, Pollu-
tion from Spills.

STATEMENT OF CONCERN (SC-39)

Treatment plants that handle hydraulic fracturing wastewater routinely exceed effluent limits and
face compliance issues for years.

RESPONSE (R-39)

There were no specific effluent or compliance data provided with this comment and the DRBC cannot
verify the accuracy of the comment. The performance and effectiveness of CWT treatment plants that
treat and discharge hydraulic fracturing wastewater are discussed earlier in this section.

36 At the request of the US Fish and Wildlife Service, the correct common and scientific names for the northern
riffleshell (that were not in the quoted EPA source) are provided for clarity.
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POLLUTION FROM WASTEWATER TREATMENT AND DISPOSAL- SUMMARY

After carefully considering the numerous comments the Commission received on pollution from
wastewater treatment and disposal associated with high volume hydraulic fracturing, and after eval-
uating a decade of scientific and technical data and literature on this topic, the Commission finds:

e Risks to surface waters and aquatic life from HVHF and related activities include releases of
chemicals, highly contaminated produced water, and other fluids, not only as a result of acci-
dents, but also from inadequate wastewater treatment and improper wastewater disposal
and discharge.

o Asof 2013, nearly 1.6 billion gallons of wastewater had been generated in the process of ex-
tracting natural gas from shale in Pennsylvania. In 2014, 87 percent of this wastewater was
recycled and reused in the hydraulic fracturing process. About 10 percent was disposed of at
regulated underground injection wells, and 2.3 percent was discharged to surface waters.
Produced water from HVHF can be expected to increase over time in Pennsylvania.

e Hydraulic fracturing wastewater (mostly produced water) can contain a variety of constitu-
ents, including, among others, biochemical oxygen demand (BOD), bromide, chloride, chemi-
cal oxygen demand (COD), specific conductivity, sulfate, total dissolved solids (TDS), total
suspended solids (TSS), barium, potassium, sodium, strontium, benzene, ethylbenzene, tolu-
ene, xylenes, sulfide, gross alpha, gross beta, radium 226, and radium 228, and chemicals con-
tained in injection fluids and their transformation products.

e U.S. EPA (2018b) describes numerous risks and adverse impacts to water resources from
CWT discharges and also finds that analytical methods of detection and effluent guidelines
are not available for the full range of constituents in wastewater from HVHF activities.

e Despite the availability of advanced treatment and industry best available technology such as
that outlined by the CRSD performance standards, typical industry practice is to treat
wastewater to the minimum standards required. EPA’s 2018 review of 11 “in-scope” CWT
facilities (of which 8 were located in Pennsylvania) found that none used the best available
technology recommended by the CRSD.

e Drinking water treatment plants downstream of CWT facilities treating hydraulic fracturing
wastewater (mostly produced water) have noted a shift in the composition of DBPs from
mostly chlorinated DBPs to predominantly brominated DBPs, which are more toxic than their
chlorinated analogues. These shifts could affect human health from consumption of treated
waters.

e The Commission agrees with and relies on the EPA’s understanding and interpretation of the
peer-reviewed scientific research published through 2016 and the EPA’s conclusion that hy-
draulic fracturing activities can impact drinking water resources.

e After publication of U.S. EPA’s 2016 report on the impacts of HVHF on drinking water re-

sources in the United States, additional research has reinforced EPA’s conclusions and pro-
vided additional compelling evidence that HVHF can cause adverse impacts to water
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resources. The 2018 EPA report on CWT facilities concluded that discharges of treated efflu-
ent from CWTs accepting oil and gas wastewater have caused environmental impacts on wa-
ter quality, drinking water, and aquatic life.

In view of the above, the Commission has determined that a risk of significant impacts on Basin wa-
ters resulting from the treatment and disposal of HVHF wastewater exists. The Commission has fur-
ther determined that this risk could be effectively managed through regulation if it were the only
such risk associated with HVHF. However, in light of the other effects discussed in this document,
the impacts associated with treatment and disposal of HVHF wastewater contribute to the totality of
the risks and impacts that accompany HVHF and related activities. The potential for adverse impacts
to water resources associated with the treatment and disposal of HVHF wastewater, combined with
the totality of the risks, vulnerabilities, impacts, and uncertainties discussed throughout this com-
ment and response document, supports the Commission’s determination that prohibiting high vol-
ume hydraulic fracturing within the Delaware River Basin is required to effectuate the Comprehen-
sive Plan, avoid injury to the waters of the Basin as contemplated by the Comprehensive Plan and
protect the public health and preserve the waters of the Basin for uses in accordance with the Com-
prehensive Plan.

2.3.2.5 Landscape Changes

STATEMENT OF CONCERN (SC-40)

Commenters raised concerns about the placement of natural gas well pads and ancillary infrastruc-
ture, such as roads, water lines, gas gathering lines and compressor stations, and their potential im-
pacts to water resources. Specifically:

o In the absence of planning, the haphazard placement of gas wells and their associated infra-
structure has caused additional water quality impacts.

o Ataminimum, if allowed, any well pads should be sited as far away as possible from the river
corridor boundary to still be able to horizontally drill beneath the river corridor.

o Durham Township (consisting of only 9 square miles) has received the right under Act 13 to
determine where well pads can be placed, such as in the Industrial Zone. However, the Town-
ship's Industrial Zone is adjacent to the Delaware River and Cooks Creek (an Exceptional
Value stream).
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RESPONSE (R-40)

The DRBC acknowledges the concerns raised by commenters surrounding the siting of well pads and
ancillary infrastructure relative to streams and other water resources. DRBC agrees that well pad
placement near streams may enhance the risk of water quality impacts to these streams. Likewise,
construction of well pads in water recharge locations or far from existing roadways may cause a loss
of ecosystem services provided by natural features disturbed during construction. Even with setback
and other restrictions, risks to groundwater and surface water resources would remain.

Because the final regulations prohibit HVHF in the Delaware River Basin, no adverse impacts to water
resources will occur as a result of the siting of wells, well pads and ancillary infrastructure.

STATEMENT OF CONCERN (SC-41)

Due to changes in the fracking process, the number and length of wells is growing substantially
throughout the region, thus increasing both the size of well pads and the consequent environmental
impacts. The trend of impacts today is more than double the figure of just several years ago (destruc-
tion of 8.8 acres per well pad in 2011, with 30 acres of forest impacts due to edge effects).

Commenter notes that land disturbance is an unavoidable and dramatic part of the fracking process,
which transforms a natural landscape into an industrial one. This includes, among other things, well
pads that generally take up 1-3 hectares to accommodate all support equipment, access roads, ap-
purtenant structures, and collection/ transmission pipelines.

RESPONSE (R-41)

The DRBC acknowledges the concerns raised by commenters regarding the land disturbances asso-
ciated with well pads and ancillary infrastructure, including access roads, appurtenant structures
and collection/ transmission pipelines.

A report provided by the American Petroleum Institute stated, “the average surface area impacted as
a result of constructing a multipad with road and utility access, and processing and water manage-
ment areas is approximately 11.5 to 15 acres (ALL Consulting, 2018). USGS has found that approxi-
mately 4.1 hectares (10.3 acres) were disturbed for each Marcellus Shale well pad in Bradford
County, Pennsylvania (Sloneckeretal, 2012, p. 21) (see Table 5), and that approximately 3.1 hectares
(7.7 acres) were disturbed for each Marcellus Shale well pad in Susquehanna County, Pennsylvania
(Slonecker et al, 2013, p. 19).
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Because the final regulations prohibit HVHF in the Delaware River Basin, no adverse impacts to water
resources will occur as a result of the siting of wells, well pads and ancillary infrastructure.

Amount of landscape disturbance for natural gas extraction development and infrastructure based on
disturbance type. MS and non-MS sites refer to Marcellus Shale and non-Marcellus Shale sites, respectively.
Footprint Disturbed Road
Site only disturbed Road Pipeline Hectares hectares  kilometers
Land cover update Count hectares hectares kilometers  kilometers per site per site per site
Bradford County (300,991.7 hectares)
All infrastructure 642 1,300.3 1,506.3 74.82 178.4 2.0 23 0.2
All sites and roads 262 742.4 73.7
MS sites and roads 210 616.7 865.8 66.1 3.0 4.1 0.3
non-MS sites and roads 19 49.2 58.4 5.8 2.5 3:1 0.3
Other infrastructure/
unpermitted sites and
roads 44 116.5 143.0 55 2.6 32 0.2
Dual sites 11 39.9
Pipelines 97 432.7 450.3 77.4 178.4
Impoundments (>0.40 ha) 561 1,203.7 21
Impoundments (<0.40 ha) 121 22.7 0.2

Table 5: Landscape disturbance for natural gas extraction.
Source: Slonecker etal. 2012, Table 1.

STATEMENT OF CONCERN (SC-42)

Commenters noted that advances in horizontal drilling and hydraulic fracturing have led to the drill-
ing of longer wellbores and the construction of more wells per pad, thus reducing the number but
increasing the size of well pads. They asserted:

o In 2014, an average of five wells were developed per pad in the Marcellus;

o The recent apparent industry trend is for 10-20 wells per pad, with plans for up to 40 per
pad.

The commenters said these larger sites mean fewer well pads in total, and note that from a 10-acre
surface area, natural gas can theoretically be extracted from the subsurface of an area nearly the size
of a city (35,000 acres).

RESPONSE (R-42)

The DRBC acknowledges that in areas outside of the Basin lateral wellbores are being drilled to
longer distances. The DRBC also acknowledges that in areas outside of the Basin the number of wells
per pad is increasing, which results in larger well pads (ALL Consulting, 2018, p. 41).

The DRBC acknowledges that in areas outside of the Basin, larger well pads and longer laterals may
make possible the extraction of natural gas from an area that might have required multiple well pads
several years ago. Finally, the DRBC recognizes that as the length of laterals increases, the volume of
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fracturing fluids used to stimulate shale formations through the lateral likewise increases as does the
volume of flowback water which must be captured, stored and managed.

STATEMENT OF CONCERN (SC-43)

Commenters expressed serious concerns about the impact to forests (including fragmentation, water
quality, and wildlife /biota/biodiversity impacts) associated with the construction, development and
operation of HVHF natural gas well sites, which are paraphrased as follows:

o Estimates for each drilling installation assume an ecological edge effect of 330 feet extending
into intact forest from cleared areas, resulting in 30 acres of forest affected. Forest destruc-
tion and fragmentation in turn destroys the ability of the forest ecosystem to capture, clean,
and infiltrate precipitation, sequester carbon, while reducing biodiversity, encouraging inva-
sive species, and destroying vital habitat.

o Approximately 85 percent of the lands underlain by Marcellus Shale in the DRB are forested.
As aresult, the Delaware River watershed would suffer from the extensive forest fragmenta-
tion created by oil and gas operations in the Basin.

o Gas well development transforms the land to an industrial landscape, resulting in destruction
of vegetation (8.8 acres per well pad in 2011 with 30 acres of forest impacts due to edge
effects), soil compaction and destruction of the natural land contours, alterations to water-
shed drainage patterns, and hydrologically connected systems such as wetlands and vernal
pools. Habitats and complex ecosystems are disrupted or lost.

o The loss of forested land increases the cost of providing safe drinking water, especially to
downstream urban areas in the Delaware River Watershed. Every well drilled will require
additional transmission lines that will remove more acres of timber and prohibit the use of
that land for anything but growing grass.

o Scientific literature explains the clear link between forests and water quality, verifying that
reductions in forest cover correlate with negative changes in water chemistry, such as in-
creased levels of nitrogen, phosphorus, sodium, chlorides and sulfates as well as reduced lev-
els of macroinvertebrate diversity.

o A US. Forest Service report acknowledges the documented benefits of forest ecosystem ser-
vices to water purification, the loss of which can degrade water quality.

o New access roads, well pads, and pipelines would harm Pennsylvania's ecologically vital and
unique Pocono plateau forests.

RESPONSE (R-43)

The DRBC acknowledges that parts of the DRB underlain by the Marcellus and Utica Shales have sig-
nificant forest cover. In general, landscapes with high percentages of forest cover correlate strongly
with high quality water resource features (Edwards et al, 2015). The Open Space Institute (0SI)
performed a literature review of forest cover and water quality. Their review found that forest cover
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has clearly established water quality benefits at many scales. OSI found that watersheds with more
land in forest tend to have better water quality. OSI also suggests that water quality begins to dete-
riorate when forest cover falls below 60-90% of the catchment area, depending on context (Morse et
al,, 2018, p. 9).

Using time-sequenced aerial photography, the USGS has conducted detailed mapping studies of the
actual extent of surface disturbance from oil and gas development in the Marcellus Shale in Bradford
County, Pennsylvania (proximate to the DRB) (see, Slonecker et al, 2012). The USGS determined that
both forest and agriculture land cover types were cleared for oil and gas development (Slonecker et
al, 2012, p. 23) (see Table 6). The Nature Conservancy performed an assessment of the impacts to
forest resources from high volume hydraulic fracturing for Tioga County, New York and found that
natural gas development would fragment as well as reduce the county’s remaining forest habitat.
TNC found that the construction of well pads, roads, pipelines and other infrastructure associated
with gas drilling would cause short- and long-term forest loss, conversion, and fragmentation of for-
est habitats. In addition to those direct habitat impacts, TNC concluded, natural gas development
would also negatively impact the size, shape, and connectivity of the remaining habitat. Species that
rely on continuous unfragmented forest habitat for movement, breeding, foraging and dispersal
would be impacted (Lee et al, 2011).

Percent land cover presented in descending order for each county. Change in percent forest is shown in bold. MS and non-MS sites refer to
Marcellus Shale and non-Marcellus Shale sites, respectively.

Updated
Updated with with MS Updated with Updated with Updated
Original all sites and non-Ms sites other with
Land cover land cover infrastructure  Change roads Change and roads Change infrasfructure Change pipelines Change
Bradford County

Forest 56.12 56.01 -0.12 56.06 -0.06 36.12 -0.01 36.11 0.0 36.07 -0.05
Apgriculture 3547 3320 -0.27 3531 -0.16 3546 -0.01 3544 -0.03 35.38 -0.09
Developed 496 495 -0.01 496 0.00 4.96 0.00 4.96 0.00 496 -0.01
Grassland -

herbaceons 0.16 0.16 0.00 0.16 0.00 0.16 0.00 0.16 0.00 0.16 0.00
Water 0.96 0.96 0.00 0.96 0.00 096 0.00 0.96 0.00 0.96 0.00
Bamren 0.11 0.11 0.00 0.11 0.00 0.11 0.00 0.11 0.00 0.11 0.00
Wetlands 0.75 0.75 0.00 0.75 0.00 0.75 0.00 075 0.00 0.75 0.00
Scrub - shrub 1.46 1.45 -0.01 1.43 -0.01 146 0.00 1.46 0.00 1.46 0.00
Gas extraction

distorbance 0.41 0.41 0.33 0.23 0.02 0.02 0.04 0.04 0.15 0.15

Table 6: Types of landscape disturbances from gas extraction
Source: Slonecker et al. 2012, Table 2

New York State’s Final SGEIS for Horizontal Drilling and High volume Hydraulic Fracturing found
that forest parcellation and fragmentation due to HVHF would likely result in the future loss of large
contiguous forested areas (NYSDEC, 20153, p.6-76). Forest complexes provide substantial ecological,
economic, and social benefits (water quality protection, clean air, flood protection, pollination, pest
predation, wildlife habitat and diversity, recreational opportunities, etc.). Large, contiguous forest
patches are especially valuable because they sustain wide-ranging forest species and provide more
habitat for forest interior species. They are also more resistant to the spread of invasive species, suf-
fer less tree damage from wind and ice storms, and provide more ecosystem services - from carbon
storage to water filtration - than small patches.
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The USGS noted that glacial and peri-glacial impacts to landscapes are particularly evident in the
Pennsylvania portion of the DRB. These impacts include the deposition of glacial deposits such as till
(which generally have poor drainage) and the formation of glacial features such as moraines, kames,
and stratified drift (that are sensitive to surface disturbances). Additional impacts of glaciation in-
clude the disruption of pre-glacial drainage systems, resulting in the formation of non-integrated (in-
ternal/deranged) stream networks that commonly result in the formation of swamps, peat bogs, and
large boulder fields (as in Tobyhanna, PA). These physiographic features contain ecosystems that
are sensitive to surface disturbances. More significantly, these landforms are “out of equilibrium”
with the current weathering environment and climate in the region. As such, these features are espe-
cially vulnerable to land disturbances and changes such as those associated with the clearing of trees,
construction of roads, drill pads, compressor stations, storage yards, and pipelines (USGS, 2018, p.5).

Because the final regulations prohibit HVHF in the Delaware River Basin, no adverse impacts to forest
cover and other landscape features, including unique regional habitats, will occur as a result of the
siting of wells, well pads and ancillary infrastructure to service those wells.

STATEMENT OF CONCERN (SC-44)

Commenter suggests there is no need for further regulation of HVHF activities regarding forested
areas, since Wayne County, PA has added nearly 45,000 acres of forest since 1959, which is more
than what would be removed by natural gas development.

RESPONSE (R-44)

The change in forest cover in Wayne County, PA since 1959 does not eliminate the Commission’s
obligation to protect and conserve the Basin’s water resources today and into the future. In addition,
re-forestation in one area or sub-watershed would not necessarily mitigate the loss of forested areas
across sub-watersheds overlying the Marcellus and Utica Shales throughout the Basin if HVHF were
to be permitted.

STATEMENT OF CONCERN (SC-45)

o Commenter asks whether there are regulations governing the restoration of disturbed area
as a result of and following HVHF activities.

o Commenter believes the estimates of total area disturbed by HVHF activities are not accurate,
since they do not account for restoration activities once operations are complete. At the com-
pletion of restoration activities, only about 3.5 to 5 acres per pad site remain altered.

o Restoration efforts reduce the amount of acreage impacted by fracking operations. Altered
acreage following restoration over the 10-year development period ranges from 400 acres
for a 5-well per pad scenario to only 200 acres for a 10+ wells per pad scenario.
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RESPONSE (R-45)

The DRBC acknowledges that a portion of the total land impact from HVHF development activities is
mitigated by the restoration of temporary and short-term disturbances. The footprint of disturbance
at a single well pad may be reduced over time. The total disturbance throughout the Basin may vary
depending on the rate of construction of new well pads and infrastructure. Because the final regula-
tions prohibit HVHF in the Delaware River Basin, no adverse impacts to forest cover and other land-
scape features, including unique regional habitats, will occur as a result of the siting of wells, well
pads and ancillary infrastructure.

STATEMENT OF CONCERN (SC-46)

There are no detailed maps of regulated wetlands in the DRB. Existing National Wetland Inventory
maps show the general location of wetlands recognizable from aerial photographs, but omit many
forested wetlands, which are a common feature of the subwatersheds draining to waters the Com-
mission has designated as Special Protection Waters. These forested wetlands offer special habitat
values over and above other kinds of wetlands in this biome.

Wetlands and associated habitats are characterized by hydrologic conditions and are sensitive to de-
velopment activities that result in changes in water volumes, timing of flows, and discharges of vari-
ous pollutants. Wetlands have been documented to have been degraded by oil and gas development.
Thus, there is substantial potential for destruction and loss of wetlands if fracking were to occur in
the DRB.

Several studies document the limited success of wetland mitigation. Once a natural system such as a
wetland is damaged or destroyed, it is very difficult to restore that resource’s full function or to re-
place those lost ecosystem functions with another. The far better policy is to prevent the damage
rather than try to repair or replace after the intact natural system is diminished.

RESPONSE (R-46)

Itis the policy of the DRBC to support the preservation and protection of wetlands in accordance with
Section 2.350.2 of the Delaware River Basin Water Code. The Commission's rules relating to wet-
lands provide that DRBC will rely on reviews performed by federal and state agencies for projects
involving the alteration of fewer than 25 acres of wetlands, except in instances where the state or
federal agency's final action may not adequately reflect the Commission's policy regarding wetlands.

The removal or degradation of wetlands can adversely impact their valuable ecosystems functions.
DRBC's definition of "wetlands" refers to "those areas which are inundated by surface or ground wa-
ter with a frequency sufficient to support a prevalence of vegetative or aquatic life that requires sat-
urated soil conditions for growth and reproduction or are delineated as wetlands by a signatory
state" (Water Code § 2.350.1). The DRBC recognizes the potential degradation of wetlands as one of
the risks to water resources posed by natural gas development activities. Additional discussion of
impacts to wetlands is provided in Section 2.3.3.4 of this document.
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STATEMENT OF CONCERN (SC-47)

The current average surface area impacted by constructing a multi-well pad with road and utility
access, and processing and water management areas is approximately 11.5 to 15 acres. Cumulative
projected land disturbance impacts over the next 10 years, under two differing scenarios, are as fol-
lows:

o 5-wells per pad: eight (8) pads developed/year for an estimated 120 acres annually (8 pads
x 15 acres each) = 1,200 acres altered (1.87 sqg. miles)

o 10+ wells per pad: eight (8) pads the first year with additional wells added to existing pads;
the number of new pads per year would decrease over subsequent years resulting in only 40
pads = 600 acres altered (0.94 sq. miles)

STATEMENT OF CONCERN (SC-48)

o Commenter asserts that upwards of 1% million acres of new impervious surface cover over-
lying the Marcellus Shale formation can be expected from gas well development. This has di-
rect adverse impacts on water quality and water supplies, the maintenance of biological life
in streams, and causes increased polluted stormwater runoff, sedimentation and flooding to
waterways.

o The Commenter cites an analysis conducted by CNA for the Delaware Riverkeeper Network,
which projected the total land area disturbance in 3 upper DRB counties through the comple-
tion of gas development to be 18-26 square miles. This "fracking footprint," or cumulative
projected harm, equates to 570-840 Walmart Supercenters (including parking lots).

RESPONSE (R-47 AND R-48)

The DRBC did not attempt to perform a full oil and gas development analysis of the Basin areas un-
derlain by the Marcellus and Utica formations. The formation types and their depth, orientation, de-
formation, and thermal maturity in the DRB have not been well studied or mapped. Most of the ex-
isting geologic mapping lacks the data necessary to accurately delineate the deep subsurface struc-
ture in the region and, accordingly, identify likely locations and spacing of well pads, wells, and the
orientation of laterals. In addition, because the DRB has not been widely developed for unconven-
tional oil and gas, applicable data are sparse. In summary, data to develop estimates of the per-well,
per-pad, or associated infrastructure landscape impacts are insufficient to provide an estimate of to-
tal acreage that would be impacted by a full oil and gas development scenario. As discussed in Section
2.6.6, Economic Impacts, we suggest the development assumptions prepared by CNA are seriously
flawed.

LANDSCAPE CHANGES - SUMMARY

In considering the numerous comments the Commission received on the potential for water re-
sources impacts to accompany landscape changes in the Delaware River Basin if high volume
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hydraulic fracturing were permitted in the Basin, the Commission has evaluated a decade of scientific
and technical data and literature and finds:

e Where HVHF is performed, well bores and laterals are being drilled to longer distances, ap-
proaching several miles.

e Also, where HVHF is performed, the number of wells per pad is increasing, which may result
in larger well pads.

e The use of larger HVHF well pads with longer laterals allows producers to extract natural gas
from the same area with fewer well pads than would have been required several years ago.
The volume of fracturing fluids used and flowback water captured, stored and managed in-
creases with lateral length.

e Wetland areas within the Delaware River Basin would likely be adversely impacted by the
ancillary infrastructure (e.g. pipelines, roads, compressor stations) associated with HVHF ac-
tivities.

o Floodplain areas within the Basin would likely be adversely impacted by the ancillary infra-
structure (e.g. pipelines and roads) associated with HVHF activities.

e Portions of the DRB underlain by Marcellus and Utica Shale have significant forest cover.

e The unique physiographic features of the portion of the Delaware River Basin underlain by
the Marcellus and Utica Shales include ecosystems that are sensitive to surface disturbances.

e In general, landscapes with high percentages of forest cover correlate strongly with high
quality water resources (Edwards et al, 2015).

o Forest and agricultural land are the prominent land cover types impacted by HVHF develop-
ment in Pennsylvania.

e HVHF development in the DRB would fragment as well as reduce forest cover.

e Forest complexes provide substantial ecological, economic, and social benefits (water quality
protection, clean air, flood protection, pollination, pest predation, wildlife habitat and diver-
sity, and recreational opportunities).

e The threshold band for the percentage of forest cover a catchment requires for good water
quality is 60-90 percent.

On the basis of its review, the Commission has determined that the risk to water resources associated
with the landscape changes that accompany HVHF could be effectively managed through regulation
if this were the only such risk associated with HVHF. However, in light of the other risks and impacts
discussed in this document, the risks to water resources associated with landscape changes contrib-
ute to the totality of the water resources risks and impacts that accompany HVHF and related activi-
ties. The potential for adverse impacts to water resources associated with landscape changes,
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combined with the totality of the risks, vulnerabilities, impacts, and uncertainties discussed through-
out this comment and response document, supports the Commission’s determination that prohibit-
ing high volume hydraulic fracturing within the Delaware River Basin is required to effectuate the
Comprehensive Plan, avoid injury to the waters of the Basin as contemplated by the Comprehensive
Plan and protect the public health and preserve the waters of the Basin for uses in accordance with
the Comprehensive Plan.

2.3.3 Significant Impacts to Water Resources and their Uses

To effectuate its Comprehensive Plan, DRBC seeks to preserve the waters of the Basin for uses in
accordance with the Comprehensive Plan. This Section responds to comments regarding the impacts
of HVHF activities to water resources and their uses. The risks to water resources posed by HVHF
activities and the potential impacts of these activities on water resources have been extensively dis-
cussed and documented in the literature (Vengosh et al, 2014; Vengosh et al,, 2013; Entrekin et al,
2011), and these topics are the subject of recent and continuing research. Responses to comments
on potential impacts of HVHF and related activities to drinking water resources, other water uses,
surface waters and aquatic life, groundwater, wetlands, and flood plains are presented in respective
sections below.

Assessing adverse impacts from hydraulic fracturing and related activities on water resources is a
complex process. Impacts can result from any part of the hydraulic fracturing water cycle, and effects
can be immediate, near-term, or delayed. Impacts may be transient or long-term, often depending
on the characteristics of the affected water resource. Effects may be close to the HVHF activity or
some distance away. Some types of impacts may be caused by certain HVHF operations but not oth-
ers. The presence of naturally occurring methane or other water-quality constituents, or contami-
nants from sources not related to HVHF activities may mask water-quality impacts from HVHF activ-
ities. The complexities of the impacts also permeate the scientific process of understanding and as-
sessing them. Scientific studies may address some aspects of this complexity while ignoring others.
For example, a study designed to evaluate potential impacts close to HVHF activity may not detect
impacts occurring at a distance. A study designed to evaluate impacts immediately following HVHF
activity may not detect impacts that were delayed. A study designed to determine if regional water
quality has been impacted on a widespread basis by dispersed HVHF activities may not detect the
occurrence of severe but isolated “hot spots” of HVHF impact. Impacts to water resources from hu-
man activities other than HVHF can mask impacts from HVHF and confound our ability to attribute
the cause of impacts. These examples highlight the importance of understanding the limitations of
individual scientific studies when evaluating the weight of the evidence on a particular type of impact.

Most of the scientific studies cited in this document relied on observational data representing a finite
sample of environmental conditions. Many studies, using limited available samples of observations,
have found evidence of impacts of HVHF and HVHF-related activities to water resources. Other stud-
ies, using different, limited samples of observations, have not found evidence of impacts. Although
reconciling apparent contradictory findings can be challenging, the Commission employed a weight
of evidence approach in evaluating the science to achieve this goal.

In DRBC'’s responses that involve the findings of research reports and publications, the author affili-
ations and the identity of funding organizations are noted or clarified in cases in which author
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affiliation or funding organization involvement is unclear, or in which research findings are disputed.
These relationships are especially important when an author’s affiliation and/or funding source is a
stakeholder group with a vested interest in the study outcome. Financial relationships can influence
research outcomes in a variety of ways (Resnick and Elliott, 2013). These notations and clarifications
help in the consideration of the risk of bias in the research.

2.3.3.1 Drinking Water Resources

Many commenters expressed views about impacts specific to drinking water resources resulting
from HVHF activities. They expressed concern that hydraulic fracturing activities would impact
sources of public or private drinking water supplies by contamination, degradation, or diminution.
These comments were expressed in 13 resolutions of Basin municipalities; in a petition by 41 organ-
izations representing sportsmen and women; in letters by more than 13,000 individual members of
the public; and in 13 petitions signed by a total of more than 39,000 individuals. Many other com-
menters suggested that the potential for impacts to drinking water resources is minimal or that the
DRBC'’s proposed regulations are unnecessary for the protection of drinking water resources. These
comments were expressed in submissions from five industry groups; a natural gas advocate; super-
visors of a township; a county department of planning; and 1,288 individuals.

STATEMENT OF CONCERN (SC-49)

REPRESENTATIVE PARAPHRASED EXAMPLES FROM COMMENTERS WHO GENERALLY SUPPORT SECTION
440.3 OF THE DRAFT RULE (AND GENERALLY OPPOSE HYDRAULIC FRACTURING) IN THE DELAWARE
RIVER BASIN:

o The long-term threats to drinking water supplies are not fully known and the risks are too
great. The DRB provides sources of drinking water for 15-17 million people (This estimate is
from commenters. The DRBC estimate is 13.3 million people), including New York City and
Philadelphia, and the proposed DRBC regulatory requirements governing hydraulic fractur-
ing are insufficient to protect these resources.

o The safety of our drinking water must not be put at risk by allowing hydraulic fracturing and
the release of toxic wastewater into the Delaware watershed. This can occur from negligence,
accidents and spills, and even permitted discharges.

o Hydraulic fracturing wastewater is dangerous because it contains over 600 different toxic
chemicals, many of them carcinogenic, which could lead to pollution and contaminated drink-
ing water, especially for downstream communities. The risks of hydraulic fracturing to the
drinkable water supply have been shown to be high.

o EPA confirmed specific instances of water contamination caused by drilling and hydraulic
fracturing-related activities and identified the various pathways by which this contamination
has occurred. These pathways include spills, the discharge of hydraulic fracturing waste into
rivers and streams, and underground migration of chemicals, including gas into drinking wa-
ter wells.
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The New York City Department of Environmental Protection commented that it conducted a
study that determined, based on the best available science and the current state of technol-
ogy, that high volume hydraulic fracturing cannot safely be conducted in the New York City
watershed.

The Philadelphia Water Department commented that any regulations related to hydraulic
fracturing in the Delaware River Basin should preserve the quality and quantity of the drink-
ing water supply for current and future generations. The Philadelphia Water Department
fully supports the ban on hydraulic fracturing in the draft regulations.

Some constituents in produced waters from natural gas development, which are considered
“emerging contaminants,” are known to pose serious human health risks and have ecosys-
tem/environmental impacts. These substances pose unacceptable risks because they may be
released into the environment without detection or any requirement for monitoring, detec-
tion, or treatment. Moreover, some of these substances, such as endocrine disruptors (EDCs),
are potentially dangerous at extremely low concentrations, and the full effects on public
health and wildlife populations are not currently known.

The EPA's 2016 study of hydraulic fracturing concludes that there is scientific evidence that
hydraulic fracturing activities can impact drinking water resources under some circum-
stances, and cites the cases of Dimock, PA, Pavillion, WY, and Parker County, TX.

REPRESENTATIVE EXAMPLES FROM COMMENTERS WHO GENERALLY OPPOSE SECTION 440.3 OF THE
DRAFT RULE (AND GENERALLY SUPPORT HYDRAULIC FRACTURING) IN THE DELAWARE RIVER BASIN:

@)

Review of available approved dockets from the DRBC website indicates that public water sup-
ply intakes on the Delaware River are rare in Special Protection Waters (“SPWs”) and most
are more than 100 hundred river miles downstream of Wayne and Pike Counties, the area of
likely natural gas development and associated produced water treatment. The concern over
potential discharge impacts affecting down-stream public drinking water supply withdraw-
als is nonexistent.

Government data and scientific research make it clear that our commitment to safety is pay-
ing off. Hydraulic fracturing is safe and does not contaminate drinking water. Given this evi-
dence, your proposed rule goes too far.

Hydraulic fracturing itself has not polluted water supplies.

A report by TAMEST (2017) supports the EPA’s original fact-based assertion that hydraulic
fracturing is not a significant threat to drinking water supplies, concluding, "Direct migration
of contaminants from targeted injection zones is highly unlikely to lead to contamination of
potential drinking water aquifers."

Approximately 99.5 percent of the contents of most hydraulic fracturing fluid systems are
well-known and widely disclosed: water (90 percent by volume) and a proppant (typically
sand or other non-toxic material, which constitutes 9.5 percent by volume). The substances
that are most commonly found in the additional 0.5 percent of hydraulic fracturing fluid
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systems are also commonly found in food, cosmetics, detergents and other household prod-
ucts (GWPC and ALL Consulting, 2009, p. 63).

o Waste from oil and natural gas drilling and production activities are managed in accordance
with state and federal environmental laws and numerous industry recommended practices
and standards.

o Effluent from available wastewater treatment technologies can range from clean water that
meets drinking water standards to brines that can be recycled for various uses, including for
fracturing additional wells, to solids that can be disposed of or recycled easily.

RESPONSE (R-49)

DRBC acknowledges the comments highlighting the potential risks of HVHF activities that could im-
pact water resources that serve as sources of drinking water for a large population. The Commission
appreciates the expression of support for the Final Regulations as a rational and responsible ap-
proach to protecting water resources of the Delaware River Basin. Comments minimizing the risks
to drinking water resources are not consistent with the weight of the scientific evidence, the record
of industry safety and compliance with regulations, nor the recognition of other factors that contrib-
ute to the risks to drinking water resources. The discussion below elaborates on these points.

The Commission’s authority, established by the Delaware River Basin Compact, is discussed in Sec-
tion 2.1.1 of this document. The Compact requires the Commission to adopt a Comprehensive Plan to
manage the Basin’s water resources. Details about the Delaware River Basin Compact and the Com-
prehensive Plan are presented in Section 1.9 of this document.

Ri1sks TO DRINKING WATER RESOURCES

The water resources of the Delaware River Basin, serving over 13 million people, are described gen-
erally in Section 1.6 of this document. Shale gas development through HVHF is an industrial activity
that poses risks particular to this industry and that may be exacerbated by the Basin’s unique geo-
graphic, geologic, hydrologic, and regulatory setting. As explained in greater detail below, and in
other sections of this document, the activities and materials associated with unconventional gas de-
velopment through HVHF can result in, and have resulted in, significant impacts to sources of drink-
ing water. Furthermore, the long-term impacts of this relatively young industry on drinking water
resources are not fully understood. The 2016 EPA assessment report describes in detail the activities
of the five stages of the hydraulic fracturing water cycle that involve water and the risks specific to
drinking water resources that are encountered at each stage. These stages include water acquisition,
chemical mixing, well injection, produced water handling, and wastewater disposal and reuse (U.S.
EPA, 20164, p. ES-9). The section of the EPA report on the well injection stage includes an overview
of well construction, mechanical integrity issues, and the implications of the loss of mechanical integ-
rity as wells age. Risks to drinking water resources at each stage of the hydraulic fracturing water
cycle were identified by the EPA, and are noted in Table 7, adapted from the EPA report:
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Stage o'f Hydraulic Risks to Drinking Water Resources Potential Contaminant Transport
Fracturing Pathways
Water acquisition e Excessive aquifer drawdown and N/A
reduced well yield;
e Stream depletion
Chemical mixing e Spills, leaks, and other releases e Surface flow to surface water
o Infiltration and subsurface flow to
groundwater
e Combinations of surface flow and
subsurface flow
Well injection e Migration of drilling fluids during e Subsurface flow
(includes activities associ- construction; e Well borehole resulting from well
ated with well construc- e Migration of gas and/or fluids failure, inadequate well construc-
tion, stimulation, produc- from target formation to aquifers tion, and/or well deterioration
tion, and post-production) or streams; with age
e Migration of gas from non-target e Surface flow
formations to aquifers or
streams;
e Surface release of fluids (Blow-
outs, other equipment failures,
interborehole communications)
Produced water handling e Spills, leaks, and other releases e Surface flow to surface water
e Infiltration and subsurface flow to
groundwater
e Combinations of surface flow and
subsurface flow
Wastewater disposal and e Inadequate treatment e Surface water discharge
reuse e Improper storage or disposal e Surface water runoff
e Reuse for roadway de-icing or o Infiltration or subsurface dis-
dust control charge and subsurface migration

Stages of the hydraulic fracturing water cycle, associated risks, and potential contaminant transport pathways. Source:
U.S. EPA, 2016a.

Table 7: Risks to Drinking Water Resources at Each Stage of the Hydraulic Fracturing Water Cycle

The risks and concerns identified in the 2016 EPA Assessment Report are recognized by the states of
New York, a portion of which lies within the Delaware River Basin, and Maryland, which adjoins the
Delaware River Basin (and has a small land area within the Basin), both of which have elected to
prohibit high volume hydraulic fracturing within their jurisdictions.

Given the potential for natural gas development expansion into the Basin, the DRBC Commissioners
sought to formulate a water resource management policy that was consistent with the agency’s au-
thority and obligations under the Delaware River Basin Compact. Based on a review of numerous
scientific studies, reports and associated literature over the past nearly ten years, and through con-
sultation among the representatives of the Compact’s signatories and their expert agencies, the Com-
mission recognizes the inherent, known risks associated with hydraulic fracturing as well as the con-
siderable uncertainty that remains regarding long-term impacts to drinking water resources.
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In total, over 13 million people rely upon the waters of the Basin for drinking water and other uses
that need to be protected. While not all of the 13 million people using Basin water would be impacted
if hydraulic fracturing activities occurred, the location of the areas of potential production are aligned
with the sensitive headwaters of the Basin in Pennsylvania and New York upstream of many drinking
water sources and users. The risks to drinking water resources posed by HVHF and HVHF-related
activities are substantial. An assessment of the risk posed by HVHF to the New York City reservoir
watershed, which is partly in the Delaware River Basin, concluded:

Development of natural gas resources using current technologies thus pre-
sents potential risks to public health and would be expected to compromise
the City’s ability to protect the watershed and the continued, cost-effective
provision of a high-purity water supply.

(NYCDEP, 20009, p. ES-3).

The Commission agrees with this assessment and with the comments expressed by the Philadelphia
Water Department about the purpose and function of regulations in the Delaware River Basin to pre-
serve the quality and quantity of the drinking water supply for current and future generations. The
regulations prohibit high volume hydraulic fracturing within the Basin (see 18 C.F.R. § 440.3(a)) and
are thereby consistent with this purpose. The regulations protect and conserve the water resources
of the Delaware River Basin and control future pollution in the waters of the Basin.

The Commission recognizes that materials used in and produced by HVHF activities can be trans-
ported to drinking water resources during different HVHF processes and through different pathways.
The Commission understands that many chemicals, additives, and agents are used during high vol-
ume hydraulic fracturing and that large volumes of complex mixtures of residual wastes are gener-
ated. Chemicals used in HVHF and related activities are discussed in Section 2.3.2.2, Pollution from
Spills. Toxicity is known for only 11 percent of the compounds used in hydraulic fracturing fluids
and detected in HVHF produced waters, and many of these chemicals are known to be hazardous to
human health (U.S. EPA, 20164, p. 9-1). Health effects associated with chronic oral exposure to these
chemicals include carcinogenicity, neurotoxicity, immune system effects, changes in body weight,
changes in blood chemistry, liver and kidney toxicity, and reproductive and developmental toxicity.
However, the toxicity of the majority of chemicals that the EPA has identified as being associated with
HVHF activity is unknown (U.S. EPA, 20164, p. ES-43). With the limited availability of toxicity metrics,
risk assessment is difficult, and the full potential for impacts to drinking water resources cannot be
adequately assessed.

The potential for transport of these materials, as well as natural gas, to the surface waters and
groundwater of the Basin are a concern. Responses to comments on the specific risks related to wa-
ter acquisition are presented in Section 2.3.2.1, Water Use. Responses to comments on the risks re-
lated to chemical mixing and produced water handling are presented in Section 2.3.2.2, Pollution
from Spills. Responses to comments on the risks related to well injection are presented in Section
2.3.2.3, Pollution from Fluid Migration. Responses to comments on the risks related to wastewater
disposal and reuse are presented in Section 2.3.2.4, Pollution from Wastewater Handling and Dis-
posal. Additional details on this last topic as it relates to impacts to sources of drinking water are
presented below.
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Impacts to drinking water resources from HVHF wastewater disposal: The percentage of HVHF
wastewater managed through disposal rather than recycling is currently a small percentage of the

overall volume of wastewater generated in Pennsylvania by unconventional wells. Although recy-
cling of HVHF wastewater is widely practiced in Pennsylvania, excess produced water needs to be
managed by other means. In the future, there could be an increasing trend in excess wastewater
generation as more wells are in the production phase and fewer wells are being fractured. This would
translate to an increasing trend in excess produced water in need of disposal by deep well injection,
centralized treatment with surface water discharge, or by another reuse, such as road spreading
(were road spreading of hydraulic fracturing wastewater to be allowed). If HVHF were to occur in
the Basin, this pattern of increasing wastewater generation might repeat itself, resulting in large vol-
umes of wastewater requiring disposal through means other than recycling. There are few deep well
injection facilities operating in Pennsylvania. A high percentage of the nonrecycled flowback and pro-
duced water from Pennsylvania is being shipped by truck or rail to the many commercial injection
well facilities operating in Ohio and West Virginia (SAFERPA, 2015). Responses to comments regard-
ing deep well injection are presented in Section 2.7.6, Underground Injection Wells for Disposal of
HVHF Wastewater.

The potential for impacts from the discharge of treated HVHF wastewaters to surface waters is a
concern as it relates to multiple designated uses of surface waters, including as a source of drinking
water. The risks from pollution from HVHF wastewater handling and disposal, described in Section
2.3.2.4, resulted in a substantial impact to drinking water in western Pennsylvania before regulations
were updated to address the issue. Monitoring for effects of HVHF have included parameters such as
barium, strontium, and bromide, which are highly specific signatures of produced waters from oil
and gas activities. Despite industry claims of advanced treatment capabilities, compliance with reg-
ulations, and use of best practices, studies have shown increased levels of barium, strontium, and
bromide since 2003 in streams in western PA with known brine effluents from centralized waste
treatment (“CWT”) plants (Vidic et al, 2013). This result is a concern, in part, because of the potential
for contributing to the formation of disinfection byproducts (DBPs) in drinking water. Disinfection
byproducts are formed when disinfectants used in drinking water treatment react with bromide
and/or natural organic matter (i.e., decaying vegetation) present in the source water. Brominated
forms of DBPs are considered to be more cytotoxic, genotoxic, and carcinogenic than chlorinated spe-
cies (U.S. EPA, 20164, p. 9-47). Laboratory studies have shown that HVHF wastewaters diluted by
fresh water collected from the Ohio and Allegheny Rivers can generate and/or alter the formation
and speciation of DBPs following various treatments, even at dilutions as low as 0.01 percent (Parker
et al, 2014). An investigation by the Pittsburgh Water and Sewerage Authority (the “Authority”) of
total trihalomethanes (“TTHMs”), a class of DBPs, in the Authority’s finished water found that ele-
vated bromide concentrations in the Allegheny River source water were associated with increased
concentrations of TTHMs, and that industrial wastewater treatment plants treating Marcellus shale
wastewater, as well as other wastewaters, were major contributors of bromide in the raw source
water. Such discharges were substantially reduced in Pennsylvania in 2011. See, U.S. EPA, 2015f, p.
1; PADEP, 2011. The study results also indicated that the conventional treatment process used by
the Authority for drinking water, which includes enhanced coagulation and secondary sedimenta-
tion, was ineffective in removing bromide from the source water (States et al, 2013). A study of
impacts of effluent from a treatment facility in western Pennsylvania that exclusively treated oil and
gas wastewaters showed that a 500 to 3,000-fold dilution of the treated effluent would not reduce
bromide levels to background, indicating that the wastewater discharge could potentially increase
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bromide concentrations at downstream drinking water intakes (Warner et al, 2013a). A subsequent
EPA study determined that the source of nearly all bromide at a public drinking water system intake
on the Allegheny River in Western Pennsylvania was treated wastewater discharged from centralized
waste treatment facilities for oil and gas wastewater (U.S. EPA, 2015f, p.2). A related, peer-reviewed
journal article by the same team of EPA researchers showed that during low flow river conditions,
the discharges increased bromide by 39 ppb (53 percent). This resulted in a modeled positive shift
(41-47 percent) to more toxic brominated THMs (Landis et al,, 2016). Although these studies evalu-
ated impacts of the discharge of treated oil and gas wastewater from conventional wells, the results
provide an important indication of the potential impact of the discharge of treated HVHF wastewater
on sources of drinking water. The EPA cited the research in its 2016 assessment of HVHF impacts to
drinking water (U.S. EPA, 20164, p. 8-56).

In 2018 the EPA completed a study that provides details on direct and measurable impacts on surface
water quality and sediment and potential impacts on human health and aquatic life resulting from
discharges by CWTs that treated oil and gas wastewater (including wastewater from both conven-
tional and unconventional wells) (see U.S. EPA, 2018b). Among the conclusion of the study are the
following:

Levels of pollutants downstream from CWT facility discharges have been re-
ported to exceed applicable thresholds, such as primary and secondary drink-
ing water standards and acute and chronic water quality criteria for protec-
tion of aquatic life.

... Drinking water treatment plants downstream of CWT facilities treating oil
and gas extraction wastewater have noted a shift in the composition of DBPs
[disinfection byproducts] from mostly chlorinated DBPs to mostly bromin-
ated DBPs, which are more toxic than their chlorinated analogues. These
shifts could affect human health from consumption of treated waters.

(U.S. EPA, 2018b, p. 1-4).

A team of EPA researchers conducted a study to evaluate the probability of elevated bromide con-
centrations downstream from commercial wastewater treatment plants (“CWTPs”) using data from
CWTPs and river flow data in western Pennsylvania (Weaver et al, 2016). The study constructed
generic discharge and streamflow scenarios that illustrate the potential impacts from the discharge
of five classes of effluent with different ranges of bromide concentrations. Under separate scenarios
the release of each type of effluent from the CWTP locations was modeled using a mass and flow
balance approach to determine the impact of various operations on the receiving water body. The
historical flow records for the Allegheny River (median flow = 272 m3/s, or 9,606 {t3/s) and Blacklick
Creek (median flow = 8.4 m3/s, or 297 ft3/s) were used to simulate both low-flow and high-flow con-
ditions. Variations in all the parameters were examined using Monte Carlo methods, and results were
evaluated to determine the probability that bromide concentrations would exceed critical thresholds
of risk for downstream drinking water intakes. Results indicated that for effluents representing
treated produced waters, the probability of exceedance in Blacklick Creek were 100 percent under
both low- and high-flow conditions. The probability of exceedance in the Allegheny River was >75
percent under low-flow conditions and >5 percent under high-flow conditions. Probabilities de-
creased with downstream distance and at lower effluent concentration ranges.
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Because of water quality concerns downstream of discharge points, PADEP in 2010 amended its
wastewater treatment requirements under the Clean Streams Law for new discharges of TDS in
wastewaters (see 25 Pa. Code §95.10), and in May of 2011, asked operators to stop delivering
wastewater from shale extraction to wastewater treatment plants that were exempt from the 2010
TDS regulation. (PADEP, 2011). While to the best of DRBC’s information, municipal wastewater
treatment plants are complying with PADEP’s request, no law or regulation fully prohibits all such
discharges. Also, subsequent administrative settlements with EPA require the installation of controls
that will reduce effluent concentrations from these plants (Weaver, et al., 2016). For these reasons,
the probabilities described in the 2016 study by Weaver et al. reflect historical practices but do not
represent current risks. The results of the study nonetheless further demonstrate that bromide in
treated oil and gas effluent can impact drinking water supplies under a broad range of flow condi-
tions.

A study by the U.S. Geological Survey also showed that discharges from oil and gas wastewater treat-
ment plants are sources of DBPs (Hladik et al, 2014). An EPA-led study was conducted to estimate
bladder cancer risk from potential increased bromide levels in source waters of public drinking wa-
ter systems in the United States that employ disinfection. Results based on data from 201 drinking
water treatment plants indicate that a bromide increase of 50 pg/L could resultin a potential increase
of between 10-3 and 10-* excess lifetime bladder cancer risk37 in populations served by roughly 90
percent of these plants (Regli et al, 2015).

Another study utilized a statistical simulation model to evaluate the effect of the increasing source-
water bromide on THM formation and speciation and analyzed the changing risks (by using cancer
slope factors) in treated water from 2010 to 2012. Even very low bromide concentrations were as-
sociated with increased cancer risk from THMs (Wang et al, 2016).

Improving treatment for removal of bromide from HVHF wastewaters does not necessarily eliminate
the risk of DBP formation. Research has shown that the introduction of debrominated production
wastewater can lead to increased formation of some chlorinated DBP species in selected surface wa-
ter and wastewater (Huang et al, 2018).

Results of these studies on disinfection byproducts are highly relevant to the Delaware River Basin,
as DBP formation is already a concern in public drinking water supplies for which the Delaware River
is a source (PWD, 2007, p. 78). Bromide concentrations in CWTP effluents range from 0.60 to 8,290
mg/] (U.S. EPA, 2018b, p. 9-14), in comparison with those measured in six Upper Delaware River
tributaries, which are less than 0.04 mg/1 (DRBC, 2016). In the case of conventional wastewater
treatment that may not effectively remove bromides, the discharge of HVHF wastewater to surface
waters could potentially increase the formation of the more toxic species of DBP’s — and thus the risk
of adverse public health outcomes - in communities that rely for their drinking water on surface
water downstream of a facility that is treating HVHF wastewater.

37 "Excess lifetime risk” is defined by the U.S. EPA as the additional or extra risk of developing cancer due to
exposure to a toxic substance incurred over the lifetime of an individual. (EPA Integrated Risk Information
System (IRIS) Glossary. https://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossa-
riesandkeywordlists/search.do?details=&glossaryName=IRIS%20Glossary#formTop,
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Many substances used in or resulting from hydraulic fracturing activity are known carcinogens, neu-
rotoxins, endocrine disruptors, and/or are characterized by reproductive or developmental toxicity
or adverse immune system effects. If these substances are not adequately removed through
wastewater treatment, they may be present in downstream source water used for drinking water. A
study by Yale University systematically evaluated 1021 chemicals in hydraulic-fracturing fluids or
found in hydraulic fracturing wastewater for reproductive and developmental toxicity (Elliott et al,
2017). Toxicity information was lacking for 781 (76 percent) of these chemicals. Of the remaining
240 substances, evidence suggested reproductive toxicity for 103 (43 percent), developmental tox-
icity for 95 (40 percent), and both for 41 (17 percent). The investigators found that a federal drinking
water standard or guideline had been proposed for 67 of these substances. EPA has not promulgated
MCLs for the other 954 substances, and therefore, no safe level in drinking water has been estab-
lished for them. HVHF chemical toxicity and potential human health effects are discussed in Section
2.3.2.2, Pollution from Spills.

To help identify the type of chemical causing toxicity, researchers systematically separate a sub-
stance into fractions that vary according to differences in properties and then test the fractions indi-
vidually. The organic fractions are sometimes targeted for this type of testing. An in vitro assessment
of the endocrine disrupting potential of organic fractions extracted from hydraulic fracturing flow-
back and produced water was conducted by the University of Alberta. Results indicated that organic
extracts of HVHF flowback and produced water can disrupt the binding activities of several nuclear
receptors (i.e., the ability of the receptors to bind to DNA) at environmentally relevant concentra-
tions, indicating the presence of substances that disturb the normal functioning of genes related to
the endocrine system (He et al, 2018b). According to the authors, the results “suggest that reclama-
tion or remediation and risk assessment of [HF flowback and produced water] spills likely requires
multiple strategies including understanding the properties of each spill with respect to fractured ge-
ological formation and physiochemical properties of the injected fluid.” The impacts associated with
releases of untreated HVHF wastewater (from spills and subsurface migration, for example) would
likely be greater than the observed impacts from wastewater treatment plant discharges of oil and
gas wastewater where that has occurred.

Presence of HVHF chemicals in sources of drinking water: Many studies have been conducted to
investigate the presence of HVHF chemicals in surface water and groundwater in areas where HVHF-
related activities are conducted. The source of the chemicals in some of these cases is unknown and
could possibly include any of those described in Section 2.3.2, Significant Risks to Water Resources.
The impact of HVHF activity on surface-water quality in the Appalachian region has been difficult to
determine because baseline conditions are often unknown, or impacts have already resulted from
coal mining and other human activities. The Susquehanna River Basin Commission examined trends
in water quality in the Susquehanna River Basin and found an increasing trend in specific conduct-
ance at 24 stations (SRBC, 2017). However, watershed characteristics (including natural gas well
density) for stations with increasing conductance trends were not statistically different from those
of stations with no observable trend. In the section of the summary report entitled “NEXT STEPS,”
the report stated the following:

To date, the Commission’s remote water quality monitoring network has not
detected discernible impacts on the quality of the Basin’s water resources as
aresult of natural gas development, but continued vigilance is warranted. The
Commission’s next steps with the program include selecting a subset of
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stations with increasing conductance trends to further investigate the cause
of increasing conductance.

The full SRBC Report states that their analysis resulted in “inconclusive evidence for the presence of
fractured wells influencing conductance trends.” (Hintz and Markowitz, 2016, p. 14 (emphasis
added)). A subsequent SRBC report on water-quality monitoring in a smaller subset of stations was
also inconclusive regarding impacts from HVHF activities (Berry, 2019).

The PADCNR Bureau of Forestry partnered with SRBC and others to conduct additional water quality
monitoring of streams in Pennsylvania state forest lands where HVHF activities have occurred. More
than 97 percent of all Pennsylvania state forest land within the core gas forest districts are within the
Susquehanna River Basin. A report on these monitoring efforts concluded in part:

Water quality monitoring efforts by the bureau and its partners have not
raised significant concerns on state forest headwater streams to date. How-
ever, these are still relatively short-term results and may not be indicative of
long-term or cumulative effects that can only be detected through long-term
monitoring efforts.

(PADCNR, 2018).

A 2016 Study by the Northeast-Midwest Institute and the U.S. Geological Survey found that current
basin-wide water quality monitoring is inadequate for determining if shale gas development activi-
ties systematically contaminate surface waters or groundwater in the Susquehanna River Basin
(Betanzo etal, 2016). More details about these and other SRBC studies are presented in Section 2.6.5
(Susquehanna River Basin Policies and Reports).

Although the basin-wide SRBC studies are inconclusive, a 2019 study by American University re-
vealed evidence of HVHF impacts. The statistical analysis of water quality in small streams in south-
western Pennsylvania and western Maryland concluded that an index of oil and gas development had
significant explanatory power for specific conductance, arsenic, strontium, and other cations. The
study also found that other land use and land cover variables (forest, urban development, coal min-
ing) as well as stream discharge and pH were also significantly associated with water quality compo-
sition. The results of this study suggest that water quality has been affected by oil and gas develop-
ment in the Marcellus Shale region. The study design could not identify the causal mechanisms
through which oil and gas development affects water quality constituents (Knee and Masker, 2019).

Evidence of endocrine disrupting chemicals in surface water and groundwater in the vicinity of
HVHF activity has been observed in different geographic regions. Research has found evidence of
endocrine disrupting chemicals in surface water and groundwater near HVHF-related activities in
Pennsylvania and Colorado, in surface water in West Virginia and North Dakota, and in groundwater
in Wyoming. The presence of endocrine disrupting chemicals in samples is determined by conduct-
ing laboratory assays that characterize various types of endocrine-related activities. Highlights of this
research are noted below.

PENNSYLVANIA: Toxic and endocrine disrupting chemicals have been detected in surface water and
groundwater near HVHF activity in Pennsylvania. A 2019 study of surface water and groundwater
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in Susquehanna County, PA, employed a new approach that found evidence of endocrine-disrupting
chemicals near impaired gas wells. The approach characterized the biological consequence of pollu-
tants in samples and the pollutants that may be responsible (Bamberger et al, 2019). Samples were
collected from 33 private wells, 6 streams, 9 ponds, 4 springs, and one lake. Sample proximity to
various natural gas infrastructure, including gas wells, compressor stations, and gas dehydrators was
determined. Natural gas wells in the county with known casing, cement sheath, and/or other impair-
ments were also identified. The researchers assessed potential toxicity and endocrine activity of the
samples with biological assays and determined chemical composition in bulk. The bulk chemical
characterizations were then screened for association with anthropogenic activities. One of the bio-
logical assays conducted measures aryl hydrocarbon (Ah) receptor activity, which is an indicator of
potential immunotoxicity. Other biological assays were conducted to assess endocrine disruption. Ah
receptor activity exhibited a strong correlation with proximity to impaired natural gas wells. Endo-
crine receptor (ER) activities did not show such a correlation. It is not clear whether this lack of cor-
relation is due to the absence of endocrine disrupting substances contributed by HVHF activity or
simply the fact that other activities, such as agriculture, also contributed to the results. ER activity
was found to be associated with potential hydraulic fracturing chemicals or wastewater constituents
detected in some samples. The study detected 17 potential hydraulic fracturing additives or
wastewater constituents that were associated with Ah activity, ER activity, and proximity to impaired
wells. The study authors concluded that the association of these chemicals with biological activity
and impaired wells suggests that anthropogenic activities, including hydraulic fracturing operations,
have resulted in water contamination.

COLORADO: The majority of surface water and groundwater samples collected from sites in a region
of dense oil and gas development in Colorado exhibited more estrogenic, anti-estrogenic, or anti-
androgenic activities than reference sites with limited nearby oil and gas operations. These results
suggest that nearby natural gas drilling operations may result in elevated concentrations of endo-
crine disrupting chemicals in surface and ground water (Kassotis et al.,, 2014).

WEST VIRGINIA: Evidence of endocrine disrupting chemicals and endocrine disrupting activity above
levels known to result in adverse health effects has been detected in surface water adjacent to and
downstream from an oil and gas industry underground injection disposal site in West Virginia (Kas-
sotis et al, 2016).

NORTH DAKOTA: As part of a study led by the U.S. Geological Survey, geochemical and biological sam-
pling downstream from a major HVHF wastewater pipeline leak in North Dakota found numerous
persistent effects; bioassays of water samples showed estrogenic inhibition (one type of endocrine
disruption), and fish bioassays showed reduced fish survival (Cozzarelli et al, 2017).

WYOMING: Groundwater samples from HVHF gas-production areas and conventional oil production
areas exhibited greater ER antagonist activities than water samples from conventional gas produc-
tion areas. Samples from HVHF gas production areas tended to exhibit progesterone receptor antag-
onism more often, suggesting that there may represent a HVHF-related impact (Kassotis et al, 2018).

Interviewed about this body of research on endocrine disruption, senior author Christopher Kassotis
of Duke University summarized it this way:
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We have now reported similar endocrine bioactivities across numerous un-
conventional oil/gas sampling regions, and other researchers are beginning
to demonstrate similar effects in cell and animal models. These, above all else,
lend strong support for our findings.

(Thuermer, 2018). Although a lack of toxics information for specific chemicals is not unique to the
hydraulic fracturing industry, the majority of chemicals associated with hydraulic fracturing have not
undergone significant toxicological assessment (U.S. EPA, 2018b, p. 9-4). Some fracturing fluid in-
gredients are claimed to be confidential business information (CBI) that can remain undisclosed to
regulators and the public. Therefore, the possible presence of unknown chemical constituents in
wastewater contributes to uncertainty about the effectiveness and potential impacts of management
strategies, particularly with regard to treatment efficacy. Moreover, unknown chemical constituents
in inadequately treated wastewater discharges or accidental releases may be consequently present
in downstream waters serving as raw water for treatment and use as drinking water. Without
knowledge of such constituents or requirements for their removal, a downstream drinking water
treatment plant operator cannot plan, operate, or test for the efficient removal of such constituents
to acceptable levels and may unknowingly deliver such constituents in finished water, resulting in
public exposure to toxic chemicals. The secrecy of chemical usage in HVHF activities is especially
problematic for responding to accidental releases. The catastrophic fire in June 2014 at the Eisen-
barth well pad in Clarington, Ohio serves to illustrate. The fire consumed the contents of the well pad
and resulted in the release of fluids and a fish kill in a tributary to the Ohio River. Difficulties in
responding to the incident were reportedly compounded by the unavailability of the CBI about pro-
prietary chemicals present at the site. The EPA was not provided with this information for five days
while the fire burned, and downstream water treatment plant operators had no knowledge of any
proprietary chemicals that might have been present in the Ohio River source water as a result of the
incident (Arenschield, 2014; Blake, 2014). The CBI issue has also reportedly hampered efforts to
understand relations between hydraulic fracturing activities and health issues: Pennsylvania citizens
attempting to link human illnesses and animal deaths to nearby HVHF drilling operations were re-
portedly unable to obtain a full list of chemicals involved, even with a court order requiring full dis-
closure by the company in charge of the drilling site (PFPI, 2018). These cases illustrate that the CBI
issue, as it relates to HVHF activity, results in uncertainties that can 1) prevent regulators and emer-
gency responders from performing their duties to protect the public including the safety of drinking
water; and 2) prevent the impacted public from pursuing redress. Additional details regarding the
CBI issue are presented in Section 2.6.2 Chemical Disclosure.

Impacts to drinking water resources from road spreading of HVHF wastewater: Wastewater reuse
for roadway spreading (for de-icing or dust control) also presents a potential risk to drinking water

resources. From July 2009 to June 2010, about 13,000 gallons of Marcellus Shale hydraulic fracturing
wastewater was reportedly spread on roads in Pennsylvania (Rozell and Reaven, 2011). Although
there is no permanent regulation regarding road spreading, the spreading of unconventional pro-
duced water on Pennsylvania roadways is presently prohibited, and this practice is not currently in
use in Pennsylvania (PADEP, 2019a; See, 25 Pa.Code §§ 78a.70 and 78a.70a). Concerns about road
application center on contaminants such as barium, strontium, and radium. A 2018 study led by Penn
State University found that oil and gas wastewaters spread on roads in the northeastern U.S. have
salt, radioactivity, and organic contaminant concentrations often many times above drinking water
standards (Tasker et al, 2018). The study also found that in Pennsylvania from 2008 to 2014,
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spreading oil and gas wastewater on roads released over 4 times more radium to the environment
(320 millicuries) than oil and gas wastewater treatment discharges and 200 times more radium than
spill events. Lab experiments conducted as part of the study demonstrated that nearly all of the met-
als from these wastewaters leach from roads after rain events, likely reaching ground and surface
water. Currently, state-by-state regulations do not require radium analyses prior to treating roads
with oil and gas wastewaters.

Brine spreading on roadways is not addressed by the proposed or final rulemaking. Additional detail
about roadway spreading is presented in Section 2.7.7, Application of Hydraulic Fracturing Produced
Water/Wastewater.

EXAMPLES OF DOCUMENTED IMPACTS TO DRINKING WATER RESOURCES

The Commission disagrees with the assertion that hydraulic fracturing has not polluted water sup-
plies. Regulatory documents and the literature are replete with examples of pollution of water sup-
plies from HVHF and related activities, including well-documented cases such as those in Bainbridge,
OH (22 private domestic wells and one public water supply well; ODNR, 2008, p. 6); Dimock, PA (18
private domestic wells; PADEP, 2009; PADEP, 2010); other areas in Susquehanna and Bradford Coun-
ties, PA (9 private domestic wells; U.S. EPA, 2015d, p.109); and many other locations in PA (PADEP,
2019d), including cases that resulted in a PADEP-issued Consent Assessment of Civil Penalty or Con-
sent Order and Agreement in response to impacted wells such as those cases in Bradford and Sullivan
Counties (PADEP, 2018c), Nicholson Township, Wyoming County (PADEP, 2017a), Forks Township
and Elkland Township, Sullivan County (PADEP, 2016a), and Donegal Township, Westmoreland
County (PADEP, 2016a), and elsewhere, as documented by the EPA (U.S. EPA, 20164, pp. ES 30-41,
6-23 - 6-25) and in other cases noted previously. The attribution of the impact to a specific stage of
the HVHF process can be difficult. In the case of the Bainbridge, OH incident, the cause of the pollution
is known to be the hydraulic stimulation of an improperly cemented well. In other cases, a determi-
nation was made that the pollution was the result of HVHF activity, but the specific HVHF activity is
uncertain.

DRBC disagrees with the assertion by a commenter that the 2017 TAMEST report (TAMEST, 2017)
supports a conclusion that hydraulic fracturing is not a significant threat to drinking water supplies.
In addition to the quote offered by the commenter, the TAMEST report also reached these additional
conclusions indicating that hydraulic fracturing can pose a risk to water supplies:

... there is, and always will be, some probability of casing failure leading to
near surface contamination or contributing to surface spills due to flow up the
failed casing.

(TAMEST, 2017, p. 123).

Hydraulic fracturing is also a potential concern to drinking water supplies.
There is little chance of migration of hydrocarbons or brines from producing
formations to drinking water aquifers, but near surface and surface spills or
leaks may pose the dominant risk of hydraulic fracturing operations to water
resources. Increased complexity of surface fluid management, for example by
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treatment and use/reuse operations, may increase the potential for spills or
leaks and therefore the risk to land and water resources.

(Id., p. 127).

Also, the quote presented by a commenter from page 128 of the TAMEST report may not be applica-
ble to the geologic setting of northeastern PA. The geologic structure and glacial history of the region
may result in conditions that are more conducive to subsurface contaminant migration from target
formations and shallower gas-bearing formations to freshwater aquifers. Details of this geologically-
based vulnerability of the Delaware River Basin are explained in Section 2.3.2.3 in responses to com-
ments on Pollution from Fluid Migration.

DRBC agrees with and relies on the conclusions of current science and risk assessment procedures
that hydraulic fracturing can impact drinking water resources and that the resource vulnerabilities
and impacts related to hydraulic fracturing identified in the 2016 EPA report (and in other studies,
including the TAMEST study) can vary in frequency and severity depending upon multiple factors
that are both within and beyond human control.

Examples of incidents in which drinking water resources were impacted by unconventional gas de-
velopment illustrate the potential consequences of these risks and are presented below.

Noted impacts to drinking water in Pennsylvania, Wyoming, and Texas: The three cases of impacts
to drinking water resources in Pennsylvania, Wyoming, and Texas cited by the commenter have rel-

evance, although there is uncertainty about specific migration pathways and sources of contami-
nants. The PADEP investigated impacts caused by HVHF-related activities in Dimock, PA and made a
determination that 18 water wells tapping groundwater in the Catskill Formation and located within
a 9 square mile area had been negatively affected by natural gas extraction activities. This case re-
sulted in at least three signed Consent Order and Agreements (COAs) between the PADEP and Cabot
0Oil and Gas Corporation (with civil penalties totaling at least $860,000; PADEP, 2009; PADEP, 2010).
The case also resulted in a Health Consultation report by the U.S. Agency for Toxic Substances and
Disease Registry (ASTDR). This report concluded that methane levels measured in five residences
were over 28 mg/1 and posed an immediate risk of explosion or fire and that levels measured in 12
additional residences exceeded a cautionary level of 10 mg/l. The report also concluded that chem-
icals in 27 private wells at the site were detected at concentrations high enough to affect health (U.S.
HHS, 2016). Studies conducted in the area have disagreed on the source of the methane found in the
drinking water in homes in Dimock. Although the specific role of hydraulic fracturing in the migra-
tion of gas to the Catskill Formation and the specific pathways by which this migration from HVHF
activity occurred are uncertain, PADEP concluded that HVHF-related activities were a cause of the
migration of methane into the private wells (DEP, 2009; PADEP, 2010). The Dimock case preceded
updates to Pennsylvania’s well construction and operation regulations in 2011 (see Appendix-4). A
significant portion of those regulations were adopted in response to the Dimock case.

In the area around the Pavilion gas field in Wyoming, a study by Stanford University found that or-
ganic contaminants in domestic wells resulted from subsurface migration of these contaminants
from unlined pits used to dispose diesel-fuel based drilling mud and production fluids (DiGiulio and
Jackson, 2016).
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The Commission notes that Pennsylvania on October 8, 2016 promulgated new regulations to ad-
dress surface impacts resulting from unconventional well development. See, 25 Pa. Code Ch. 78a
(“Unconventional Wells”). Under Chapter 78a, the use of pits is prohibited for “temporary storage”
of “regulated substances used at or generated at a well site[,]” including, “all regulated substances
which are used or produced during drilling, altering, completing, recompleting, servicing and plug-
ging” an unconventional well. 25 Pa. Code §§ 78a.56(d) (pits prohibited), 78a.56(a) (regulated sub-
stances...), and 78.56(a)(1) (used or produced ...). Storage of brine and other fluids produced by a
well—whether “temporary” or on a longer term basis—must be stored in “a tank or series of tanks,
or other device approved by the Department ...." Id., §§ 78a.56(a) and 78a.57(a) (same language). As
to temporary storage of regulated substances and wastes, any pits in use as of October 18, 2016 were
to be “properly close[d] ... in accordance with appropriate restoration standards no later than April
8,2017.” An operator using a pit for storage of production fluids was required to “report the use of
the pit to PADEP no later than April 8, 2017, and ... properly close the pit in accordance with appro-
priate restoration standards no later than October 10, 2017.” 1d., § 78a.57(a).

Pennsylvania unconventional well operators must comply with the storage requirements of Chapter
78a or obtain applicable permits (available for all industries) under the Solid Waste Management Act
(35P.S.§§6018.101-6018.1003) or the Clean Streams Law (35 P.S. 691.1 - 691.1001).

Chapter 78a also required any operator using a centralized impoundment as of October 8, 2016 to
submit a closure plan for such facility by April 8, 2017 and either close the facility or obtain a permit
in accordance with the Department’s residual waste regulations, 25 Pa. Code Subpart D, Article IX, by
October 8, 2019. See, 25 Pa. Code § 78a.59¢(a). In response to a challenge by the Marcellus Shale
Coalition, these regulatory compliance deadlines were tolled by a preliminary injunction of the Penn-
sylvania Commonwealth Court. By court order dated January 6, 2021, operators of existing central-
ized impoundments must submit a closure plan to the PADEP for review and approval by June 7,
2021, and centralized impoundments must be closed in accordance with the approved plan or re-
permitted in accordance with the applicable residual waste management regulations by January 8,
2024. See, 51 Pa.B. 639 (Jan. 30, 2021).

Because of disagreement in the findings of the peer-reviewed studies conducted within the Barnett
Shale area, which includes Parker County, Texas, the cause of gas leakage in the Parker County, Texas
case cited by the commenter is uncertain. One study examining hydrocarbons and dissolved noble
gases in drinking-water wells suggested that a likely pathway for gas leakage to the Trinity Aquifer
is the failure of the gas well annulus cement, allowing natural gas to migrate from formations located
between the Barnett Shale and the Trinity Formation to overlying intervals including the Trinity ag-
uifer (Darrah et al, 2014). Other studies that used noble gases and other methods suggested that the
source of the stray gas was local gas accumulations known to be present in the shallow subsurface,
and not the result of hydraulic fracturing activity (Larson et al,, 2018; Nicot et al, 2017; Wen et al,
2016).

Many other examples and evidence of impacts to drinking water resources from unconventional gas
development are documented. Some of these examples and some of this evidence are presented in
the EPA 2016 assessment report, and in responses to more specific comments below.

Impacts to drinking water resources as a result of HVHF-related spills: HVHF drilling operations
entail the transport and storage of tens of thousands of gallons of chemicals and fuels in tanks and
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trucks, often to and on remote sites on unpaved roads, injection of millions of gallons of hydraulic
fracturing fluids into the ground at high pressure, and storage of flowback and produced water on-
site. Produced waters stored on-site may be recycled for hydraulic fracturing and transported
through pipelines for reuse or treatment. These fluids and fluid flows constitute a large mass of po-
tential contaminants that pose a threat to drinking water from uncontrolled spills or releases. Exam-
ples of sudden, uncontrolled releases of thousands of gallons of fluids and/or produced waters in-
clude documented incidents in Bradford County, Pennsylvania in 2011 (Gilliland, 2011; Considine et
al, 2012) (gas well blowout); Clarington, Ohio in 2014 (U.S. EPA, 2014) (Eisenbarth well pad fire);
Williston, North Dakota in 2015 (News@prairiebizmag.com, 2015; Cozzarelli et al,, 2017) (produced
water pipeline rupture); and Powhatan Point, Ohio in 2018 (Grego, 2019; U.S. EPA, 2018a) (well pad
explosion and fire). Details of these incidents are provided in Section 2.3.2.2, Pollution from Spills,
in response to comments relating to spills. EPA estimates that of the gas wells hydraulically fractured
in 25 states between 2000 and 2013, 8 percent were located within 1 mile of atleast one groundwater
well or surface water intake providing public water supply. Most of these public water supplies were
located in nine states, including Pennsylvania (U.S. EPA, 20164, p. 2-14). With increased proximity,
hydraulic fracturing activities have a greater potential to affect surface and subsurface sources of
current and future drinking water (U.S. EPA, 20164, p. 2-1).

Two incidents in Pennsylvania illustrate the disruption and loss of public confidence that can occur
when gas or fluids are accidentally released from unconventional gas wells near public water sup-
plies, even if the public water supplies do not become contaminated. In September 2015, an incident
occurred at an unconventional gas well being drilled in Potter County, Pennsylvania. During drilling
operations by JKLM Energy, LLC, a chemical surfactant (isopropanol) was injected into an uncased
borehole, and several nearby residents reported foaming drinking water from their private wells
(Troutman, 2015). According to a Health Consultation report by ASTDR, isopropanol was subse-
quently detected in three private wells, and levels in one of the impacted wells was high enough to
be a health concern (U.S. HHS, 2018). The local water authority and a nearby hospital reportedly
suspended the use of specific public water supplies as a precaution and switched to alternative
sources. Water buffalos were made available to affected residents. An emergency meeting was held
in Coudersport, PA to inform the public. This incident was reportedly the first time that public water
supplies (as opposed to only private drinking water wells) were impacted to the point of being shut
down due to the potential for groundwater contamination from unconventional oil and gas opera-
tions (Troutman, 2015). JKLM Energy LLC was fined $472,317 for the discharge of the surfactant
(Hess, 2016).

In January 2019, an incident occurred at an unconventional Utica Shale gas well in Westmoreland
County, Pennsylvania that was being hydraulically fractured (Litvak, 2019). The horizontal stretch
of the well (or lateral) extends under the Beaver Run Reservoir, the source of public water supply
serving a local population of 150,000. During hydraulic fracturing process, an apparent casing rup-
ture occurred in the vertical stretch (or tophole) of the well, resulting in a dramatic loss of pressure
in the well, inter-wellbore communication with several shallower surrounding conventional gas
wells, and a spike in pressure in the surrounding gas wells. Sampling of the reservoir and surround-
ing private wells did not indicate that contaminants had impacted any water supplies. Local environ-
mental advocacy groups called for an end to all well drilling and hydraulic fracturing near the reser-
voir and increased testing. The incident remained under investigation as of February 28,2019 (Him-
ler, 2019). Despite issuance of a notice of violations against the operator and heightened public
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awareness of the incident and the vulnerability of the reservoir, the legal contracts between the Mu-
nicipal Authority responsible for the reservoir and the energy companies prevented the Authority
from halting the drilling activity (Cholodofsky, 2019).

The Commission has determined that if HVHF were permitted and commercially recoverable gas
were present in the Delaware River Basin, HVHF would be performed at dozens or hundreds of well
pad sites in the Basin, and adverse impacts to drinking water would inevitably occur, as the result of
spills, releases and discharges of harmful pollutants, including gas, salts, metals, radioactive materi-
als, organic compounds, endocrine-disrupting and toxic chemicals, and chemicals for which toxicity
has not been determined.

STATEMENT OF CONCERN (SC-50)

Several commenters with individual private wells serving their homes express concerns over the
documented adverse impacts to local groundwater sources. They state there is evidence that home-
owner wells become unusable following and attributable to natural gas hydraulic fracturing activi-
ties.

RESPONSE (R-50)

The EPA and the NYSDEC have both concluded that hydraulic fracturing activities have in the past
and can in the future adversely impact drinking water resources in different settings and circum-
stances (U.S. EPA, 2016a; NYSDEC, 2015a). Over the many decades of oil and gas development in
Pennsylvania, failures of well integrity have contributed to hundreds of documented cases of water
supply impacts and, in some cases, gas explosions resulting in injuries and fatalities (PADEP, 2018a).
In a particularly severe case in Dimock, PA, the Pennsylvania Department of Environmental Protec-
tion (PADEP) investigated and made a determination that 18 domestic water wells located within a
9 square mile area were negatively affected as a result of natural gas extraction activities (PADEP,
2009; PADEP, 2010). In another case, the PADEP determined that a faulty cement job on a gas well in
Lycoming County resulted in gas migration into private drinking water wells and a stream. The leak-
age has continued since 2011, resulting in a DEP-issued order directing the drilling company to fix
the leak. The drilling company continued to deny responsibility (Levy, 2020). As of September 22,
2020, the PADEP had identified and published letters documenting 356 cases in which a private wa-
ter supply was impacted by oil and gas activities. This compilation included impacts linked to both
conventional and unconventional drilling activities (PADEP, 2019d). Additional details regarding
these cases are presented below in this response to comment SC-50.

A study of organic compounds in private wells in northeastern Pennsylvania found trace levels of
known constituents of hydraulic fracturing fluid in wells in close proximity to active shale gas wells
and disclosed Environmental Health & Safety violations. The study concluded that the presence of
the compounds was consistent with surface spills of disclosed HVHF chemical additives (Drollette et
al, 2019).

A study of Pennsylvania domestic wells impacted by stray gas and a known HVHF additive utilized

multiple line of evidence to test different hypotheses about the source of the contamination. The
study concluded that stray gas and drilling or hydraulic fracturing fluids may have flowed vertically
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along improperly constructed well boreholes and then approximately 1-3 kilometers (0.62 - 1.9
miles) along shallow and intermediate depth fractures to the aquifer supplying water to the impacted
domestic water supply wells. Wastewater from a reported pit leak at the nearest gas well pad may
have been a source of the hydraulic fracturing fluids (Llewellyn et al, 2015). Additional details about
this study are presented in Section 2.3.2.3 (Pollution from Fluid Migration).

Not only have scientists and the PADEP found contamination of surface and ground water sources as
a result of HVHF-related activities in PA, but so have Pennsylvania tribunals. In his 2016 opinion in
Kiskadden v. Pa. Dept. of Envtl. Prot., Judge Wojcik found that the appellant, an Amwell Township,
Washington County resident, did not meet his burden of proving that the natural oil and gas drilling
wastewater impoundment on a nearby property known as the “Yeager Site” had contaminated his
well water. The judge nevertheless opined, “[T]here is little dispute that the activities at the Yeager
Site impacted the environment and contaminated the soil and adjacent springs .. ..” Kiskadden v. Pa.
Dept. of Envtl. Prot., 149 A.3d 380, 21 (Pa. Cmmw. Ct. 2016). In EQT Production Co.v. PADEP, 193 A.3d
1137 (Pa. Commw. Ct. 2018), the Commonwealth Court affirmed the EHB’s assessment of civil pen-
alties for violations of the Clean Streams Law resulting from a release of wastewater through a dam-
aged impoundment liner. The court found that EHB’s determination that contaminated water infil-
trated the groundwater “is supported by substantial evidence of record.” Id. at 1160.

Following a multi-year grand jury investigation of HVHF impacts, the Pennsylvania Attorney General
charged Range Resources with negligent oversight of its activities on the Yaeger site, to which Range
pleaded no contest (Phillis, 2020).38 The grand jury investigation included testimony of more than
70 households that claim to have suffered harm from HVHF operations on or near their property. In
addition to descriptions of adverse health effects such as burning rashes from exposure to contami-
nated water, the testimony detailed the contamination, and in some instances complete loss, of home-
owners’ water supply (PA OAG, 2020, pp. 27-47.)

A community-based study of 66 residences in and near Belmont County in eastern Ohio explored
HVHF well proximity in relation to water contamination and health symptoms. The study found that
contaminant detection and concentrations decreased with greater distance to HVHF gas wells. The
study also found that HVHF well proximity was associated with increased incidence of adverse gen-
eral health symptoms such as fatigue (Elliott et al, 2018).

Additional information regarding the potential for HVHF to adversely affect domestic water supply
wells is provided in the responses to Statements of Concern Numbers SC-51 and SC-52, below.

STATEMENT OF CONCERN (SC-51)

Many commenters asserted that the PADEP has received thousands of complaints about environ-
mental problems in shale gas areas and has acknowledged more than 300 cases of private water well
contamination caused by oil and gas operations in the Commonwealth. Commenters have suggested

38 Pennsylvania regulations finalized in 2016 require a residual waste storage permit for the operation of cen-
tralized impoundments such as that operated by Range Resources on the Yaeger site for the storage of uncon-
ventional well (HVHF) wastewater. See 25 Pa. Code § 78a.59c.
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that the number of acknowledged cases of impacts and contamination underrepresents the actual
number of cases for several reasons (paraphrased):

o The number does not include ongoing investigations or cases that were settled and are now
subject to non-disclosure agreements.

o There are cases for which, in the view of PADEP analysts, the available evidence was insuffi-
cient to support a determination that oil and gas operations were the cause of the impacts,
and in which the cause(s) remain unresolved.

o PAregulations define a limited zone of influence around a gas well and a limited time period
that can be considered in determining whether a water supply has been impacted by oil or
gas operations.

o PADEP does not deem methane migration into water wells caused directly or indirectly by
hydraulic fracturing to be a pollution incident, and yet such migration can render a water well
unusable and has health and safety impacts for the residents.

RESPONSE (R-51)

The available data and information on complaints to PADEP about HVHF operations (Troutman and
Pribanic, 2017; Pribanic and Troutman, 2015) make clear that many thousands of complaints, includ-
ing many related to water supply, have been submitted. Important details about the incidents that
gave rise to the complaints are not always included in the available records. In response to some but
not all complaints, the PADEP conducted an investigation. Hydrogeologic investigations are complex,
and PADEP must make water supply impact determinations based on sufficient evidence. When
PADEP has taken action against a well operator in response to an incident involving water supply
impacts, available records are more detailed. As of September 22, 2020, PADEP had identified 356
cases that resulted in the issuance of a Water Supply Determination letter stating that a water supply
was impacted by oil and gas activities (conventional or unconventional), and that the well operator
was required to remediate the situation (PADEP, 2019d). Impacts that have resulted in a Water Sup-
ply Determination letter include water diminution (reduced yield) or an increase in constituents
above background conditions. Contrary to the commenter’s assertion, PADEP does consider methane
contamination to be a pollution incident, and methane contamination is frequently listed as an impact
(Brantley et al, 2014). Many of the water supply impacts reported to PADEP have since abated, with
constituent concentrations returning to background; many have been mitigated through the instal-
lation of water treatment; and others have been addressed through the replacement of the original
water supply.

The legal significance of a Water Supply Determination letter is established by Section 3218 of the
2012 PA 0il and Gas Act, which provides that:

[a]ny well operator who affects a public or private water supply by pollution
or diminution shall restore or replace the affected supply with an alternate
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source of water adequate in quantity or quality for the purposes served by the
supply.

Contrary to the commenter’s statement about a limited zone of influence, there are no timing or prox-
imity limitations to this obligation. However, the regulations do include a presumption of liability
rule, whereby a natural gas well operator is presumed to have caused pollution or diminution (re-
duced yield) of a water supply located within 2,500 feet of an unconventional well and within 12
months of completion, drilling, stimulation or alteration of the well (or within 1,000 feet of a conven-
tional well and within 6 months of drilling or well completion). This means the well operator is
deemed to be responsible and legally liable, regardless of the actual cause, unless the operator can
prove otherwise.

Because the cause of ground water quality impairments is difficult to determine, and some impacts
may be undocumented, the number of determination letters issued by PADEP is an indication, but
not dispositive evidence, of the number of incidents caused by well operations. The Commission can-
not speculate on the content of non-disclosure agreements or the number of contamination incidents
that may remain undocumented for this reason. However, an extensive database of HVHF litigation
nationwide documents many additional cases of alleged impacts to water resources. See, Watson,
2020; also see, Watson, 2017.

On August 8, 2020, the PADEP published its “Policy for the Replacement or Restoration of Private
Water Supplies Impacted by Unconventional Oil and Gas Operations” (PADEP, 2020b). The need for
the adoption of this 19-page policy is indicative not only of the complexity of certain requirements in
the 2012 Oil and Gas Act, The Clean Streams Law, and 25 Pa. Code Chapter 78a; but also of the severity
and regularity of adverse impacts to private water supplies by HVHF activities in Pennsylvania.

Many of the water supplies determined by PADEP to have been impacted by oil and gas well opera-
tions were the subjects of more detailed investigations of HVHF impacts. See, e.g., Wen et al, 2018;
Lietal, 2016b; Llewellyn et al, 2015; Siegel et al, 2015a; U.S. EPA, 2015d; Brantley et al, 2014; Dar-
rah et al, 2014; Jackson et al, 2013b; Osborn et al, 2011. Additional information regarding HVHF
impacts to private wells and discussion of these studies is provided in response to SC-52 below.

STATEMENT OF CONCERN (SC-52)

A study suggests that some homeowners living <1 km (<0.62 mi) from gas wells have drinking water
contaminated with stray gases, including methane, ethane, and propane.

RESPONSE (R-52)

The likelihood that HVHF will adversely impact water quality and drinking water supplies due to the
migration of gas and/or fluids is a complex question and the subject of many investigations and re-
search activities. A 2015 EPA report concluded that while proximity alone does not determine im-
pacts, it is a factor that should be considered when assessing the potential for hydraulic fracturing to
affect drinking water resources (U.S. EPA, 2015h, p. 56). Many scientific papers and reports docu-
ment occurrences and evidence of gas and/or suspected hydraulic fracturing fluids or produced wa-
ter in groundwater in different settings and circumstances. Comprehensive and authoritative reports
that synthesize much of this information are the 2016 EPA final assessment report (U.S. EPA, 2016a)
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and the NYSDEC Final Supplemental Generic Environmental Impact Statement (SGEIS) (NYSDEC,
2015a). These reports conclude that hydraulic fracturing activities can adversely impact and have
adversely impacted drinking water resources. DRBC agrees with and relied upon the science-based
data, methods, and conclusions set forth in the EPA final assessment report, the New York State De-
partment of Environmental Conservation SGEIS, and other peer-reviewed analyses to inform its rule-
making. Examples of scientific research exploring the potential effects of HVHF on private wells and
the relation between stray gas in private wells and proximity to gas wells are presented below.

The presence of naturally occurring methane in groundwater in much of northeastern Pennsylvania
complicates the process of determining whether methane in a particular water supply well is natu-
rally occurring or the result of a human activity such as HVHF. Methane is present in formations over-
lying the Marcellus Shale (Baldassare et al,, 2014), and there is historical documentation of methane
in shallow groundwater in the Marcellus region dating to the late 1700s. Testing of over 1701 water-
supply wells as part of a pre-drill water well survey showed that methane is commonly found in shal-
low groundwater in northeastern Pennsylvania (Molofsky et al, 2013). Water testing parameters,
including noble gases, isotopes, higher-chain hydrocarbons, and evaluation of other water-quality
parameters in addition to methane are typically required in order to learn more about methane
sources and mechanisms of gas migration.

Several studies have investigated the relation between the incidence of elevated methane in water
wells and proximity to gas wells. The findings of this type of research are sometimes controversial.
One study examined methane concentrations in water sampled from 68 private wells in parts of
northeastern Pennsylvania and upstate New York (Osborn et al, 2011). The wells draw from aquifers
that overlie deeper formations including the Marcellus Shale and Utica formations. Results showed
that average and maximum methane concentrations increased with proximity to gas production
wells, and that average methane concentrations were 17 times higher in samples from wells located
less than 1 km from gas production wells than in samples from wells located farther from gas pro-
duction wells. The average methane concentration for samples from wells less than 1 km from gas
production wells (19.1 mg/L) fell within the defined action level (10-28 mg/L) for hazard mitigation
recommended by the U.S. Department of the Interior. Results of isotope analyses and ratios of me-
thane-to-higher-chain hydrocarbons (ethane and propane), suggest that the elevated methane con-
centration is from thermogenic sources such as the Marcellus Shale and Utica Shale. The composition
of the gas matched the gas geochemistry of gas from production wells nearby. The study did not,
however, identify any specific mechanisms of gas migration.

A more expansive follow-up study included a larger dataset in Pennsylvania and, in addition to me-
thane, included ethane and propane, two hydrocarbons that are associated with thermogenic sources
and are not derived from biogenic activity (Jackson et al, 2013b). Average methane and ethane con-
centrations were many times higher for homes <1km from gas wells. Propane was detected in 10
wells within about 1 km from gas wells. The data suggest that some wells located <1 km from gas
wells are contaminated with “stray” gas.

A subsequent study investigated sources and mechanisms of methane contamination in several clus-
ters of wells drawing water from aquifers overlying the Marcellus Shale in Pennsylvania and the Bar-
nett Shale in Texas (Darrah et al, 2014). Methane concentrations increased over a short period of
time (nine months), indicating that the gas migration was occurring rapidly and not gradually
through geologic time. Analyses of isotopic compositions and hydrocarbon abundance indicated
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thermogenic sources, and linked contamination to gas leakage from intermediate-depth strata
through failures of gas well annulus cement (four clusters); faulty production casings (three clus-
ters); and underground gas well failure (one cluster). Subsequent studies in the Barnett Shale region
using noble gases and other methods did not indicate that gas-well integrity was a factor in the gas
migration (Larson et al,, 2018; Nicot et al,, 2017; Wen et al, 2016). A retrospective study conducted
by the U.S. EPA (U.S. EPA, 2015d) examined samples from 36 wells in northeastern Pennsylvania
located within 1 mile of gas wells and found that the source of gas present in nine of the wells was
thermogenic and likely not the result of a natural background condition. Another study of stray gas
occurrence in Bradford County, PA used data mining techniques to map a few hotspots where me-
thane in groundwater significantly correlates with distance to faults and gas wells (Li et al,, 2016b).
Results of these studies provide strong evidence that some gas production wells are adversely im-
pacting nearby private wells in parts of northeastern Pennsylvania and elsewhere. Some other stud-
ies, including a study of Utica Shale region in Ohio and an industry-funded study of Marcellus Shale
region in northeastern Pennsylvania, explored the relation between elevated methane concentra-
tions in private wells and proximity to gas wells and reached a contrary conclusion (Botner et al,
2018; Siegel et al.,, 2015a).

The weight of evidence from these and other studies and data indicates that HVHF activities have
adversely impacted private wells in Pennsylvania, and that proximity to gas wells is an important
factor in the likelihood of such impacts. This is part of the justification for a provision of Section 3218
of the PA Oil and Gas Act that presumes liability on the part of a natural gas well operator wherever
pollution or diminution of a water supply occurs within 2,500 feet of an unconventional well and
within 12 months of completion, drilling, stimulation or alteration of the well (or within 1,000 feet of
a conventional well and within 6 months of drilling or completion of the well).

Additional information regarding the potential for HVHF impacts to water resources from fluid mi-
gration through natural or stimulated fractures or as a result of gas well integrity failure is available
in Section 2.3.2.3 (Pollution from Fluid Migration) of this Comment Response Document.

STATEMENT OF CONCERN (SC-53)

Review of available approved dockets from the DRBC website indicates that public water supply in-
takes on the Delaware River are rare in SPW s and most are more than 100 hundred river miles
downstream of Wayne and Pike Counties, the area of likely natural gas development and associated
produced water treatment. The concern over potential discharge impacts affecting down-stream
public drinking water supply withdrawals is nonexistent.

RESPONSE (R-53)

There are over 850 groundwater and surface water withdrawals for public water supply in the SPW
area of the Delaware River Basin, of which, about 320 are in areas underlain by the Marcellus Shale.
Moreover, nearly 150 of these withdrawals are located in Pike and Wayne Counties. Unconventional
gas wells in proximity to public water supplies are not uncommon: EPA estimates that of the gas wells
hydraulically fractured in 25 states between 2000 and 2013, 8 percent were located within 1 mile of
at least one groundwater well or surface water intake providing public water supply. Most of these
wells and intakes were located in nine states, including Pennsylvania. With increased proximity,
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hydraulic fracturing activities have a greater potential to affect surface and subsurface sources of
current and future drinking water (U.S. EPA 20164, p. 2-1).

Additional information regarding the HVHF risks to drinking water from chemical spills, fluid migra-
tion, and wastewater handling and disposal are presented in Sections 2.3.2.2, Section 2.3.2.3 and Sec-
tion 2.3.2.4, respectively.

DRBC agrees with the conclusions of the 2016 EPA study that hydraulic fracturing can impact drink-
ing water resources and that the resource vulnerabilities and impacts related to hydraulic fracturing
identified in the report can vary in frequency and severity depending upon multiple factors that are
both within and beyond human control.

STATEMENT OF CONCERN (SC-54)

Many commenters expressed concern about potential impacts to NYC drinking water:

NYC has some of the best drinking water in the nation because it has a protected watershed upstate.
NYC'’s source water does not need to be filtered or treated extensively. However, if the Delaware River
Basin's water becomes contaminated, the citizens of NYC would be exposed to the unfiltered polluted
water requiring the construction or upgrade of extensive water treatment facilities at great cost (bil-
lions of dollars), time, and inconvenience to New York City and New York State, and ultimately to
residents.

RESPONSE (R-54)

The State of New York conducted an exhaustive evaluation of the potential for significant adverse
environmental and public health impact of high volume hydraulic fracturing activity and reported
the results of this evaluation in a Final Supplemental Generic Environmental Impact Statement
(SGEIS) and associated Findings Statement (NYSDEC, 2015a; NYSDEC, 2015b). The SGEIS concluded
that HVHF activity is not consistent with the preservation of the NYC watershed as an unfiltered
drinking water supply, and that this activity could result in a degradation of drinking water supplies
from accidents, surface spills, etc. The SGEIS further concluded that such large-scale industrial activ-
ity, even without spills, could imperil EPA’s Filter Avoidance Determinations and result in the af-
fected municipalities incurring substantial costs to filter their drinking water supply. The Commis-
sion acknowledges the importance of protecting source waters and the continuing success in pro-
tecting NYC water sources in the Delaware River Basin. The final regulations protect water quantity
and quality as well as aquatic life and other water-dependent natural resources by prohibiting high
volume hydraulic fracturing within the Delaware River Basin (see, 18 C.F.R. § 440.3(a)).
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STATEMENT OF CONCERN (SC-55)

Commenter states that the DRB includes a portion of the New Jersey Coastal Plain aquifer, which is
an EPA-designated Sole Source Aquifer which provides water for millions of people, including Phila-
delphia. Hydraulic fracturing-related contamination could threaten the viability of this drinking wa-
ter source and leave few alternatives.

RESPONSE (R-55)

The U.S. Geological Survey has shown that the Delaware River is a source of recharge to the New
Jersey Coastal Plain (NJCP) aquifer (Navoy and Carleton, 1995), and so a hydrologic linkage does exist
between potential discharges of HVHF wastewater or releases of HVHF fluids and the NJCP aquifer.
The New Jersey Coastal Plain aquifer provides water for millions of people living in southern New
Jersey, but it is not a source of water supply for Philadelphia (Zapecza et al, 1987). The specific threat
posed by HVHF to the NJCP aquifer has not been investigated. As noted in Section 1.5, the risks re-
lated to the importation of treated HVHF wastewater may be addressed by a separate rulemaking.

The regulations address ground water quantity and quality concerns by prohibiting high volume hy-
draulic fracturing within the Delaware River Basin (see proposed 18 C.F.R. § 440.3(a)). DRBC agrees
with the conclusions of the 2016 EPA final assessment report that hydraulic fracturing can impact
drinking water resources and that the resource vulnerabilities and impacts related to hydraulic frac-
turing identified in the report can vary in frequency and severity depending upon multiple factors
that are both within and beyond human control. DRBC relied upon the science-based data, methods,
and conclusions set forth in the EPA report, the New York State Department of Environmental Con-
servation SGEIS, and other analyses to inform its rulemaking.

STATEMENT OF CONCERN (SC-56)

The Delaware River is the back-up drinking water source for South Jersey. If we take fresh water
away from the Delaware River for hydraulic fracturing activities, we are directly threatening this
supply for most of South Jersey. Taking a fresh water source, using it once, and then downgrading the
quality of that water so it's no longer potable for drinking water is unacceptable.

RESPONSE (R-56)

The Delaware River is a primary source of water supply for southern New Jersey, especially in the
counties of Burlington, Camden and Gloucester (NJDEP, 2014). The proposed regulations address
ground water quantity and quality concerns by prohibiting high volume hydraulic fracturing within
the Delaware River Basin (see proposed 18 C.F.R. § 440.3(a)).

STATEMENT OF CONCERN (SC-57)

Hydraulic fracturing in our 9 square miles along Cooks Creek, an Exceptional Value stream, would
jeopardize our drinking wells.
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RESPONSE (R-57)

The Cooks Creek Watershed in Bucks County, PA is more than 15 miles south of the southeastern
limits of the Marcellus and Utica shale formations, respectively. Thus, no potential for gas develop-
ment using HVHF from these formations in the drainage area of Cooks Creek exists. Part of the Cooks
Creek Watershed is within the mapped extent of the South Newark basin, another geologic formation
that may contain oil and gas deposits capable of extraction using HVHF (see Figure 1 of this docu-
ment). However, in 2012 the Pennsylvania legislature enacted a moratorium on drilling in the South
Newark basin, to expire on January 1, 2018 (see 2011 Pa. Laws 1263, sec. 1607-E (adopted June 29,
2012)). The legislature subsequently repealed the expiration date, effectively extending the morato-
rium indefinitely (2017 Pa. Laws 674, sec. 4 (adopted Oct. 23, 2017)). In view of the Commonwealth’s
prohibition, there are no mapped, developable unconventional gas resources in the Cooks Creek Wa-
tershed. In addition, the present rulemaking prohibits HVHF within the Delaware River Basin (see,
18 C.F.R. § 440.3(a)).

STATEMENT OF CONCERN (SC-58)

A commenter states that they can't drink from their well because it is contaminated due to hydraulic
fracturing activity. They have to go to the neighboring town to fill up a 550-gallon tank and truck it
back. Their well has been disconnected which has impacted the value/sale of their home.

RESPONSE (R-58)

Although DRBC is not in a position to comment on the cause of this specific case of contamination
outside of the Delaware River Basin, the proposed regulations are intended to protect ground water
and surface water drinking water supplies in the Delaware River Basin from pollution by activities
associated with high volume hydraulic fracturing.

IMPACTS TO DRINKING WATER RESOURCES - SUMMARY

The Commission’s responses to the numerous comments it received on potential impacts of HVHF to
drinking water, based on the staff’s careful evaluation of a decade of scientific data and literature on
this subject, are summarized below:

e Risks to drinking water resources from high volume hydraulic fracturing and related activi-
ties include releases of chemicals and highly contaminated fluids from spills and accidents,
migration of gas and other fluids, inadequate wastewater treatment, improper wastewater
handling and disposal, wastewater reuse on roadways, excessive aquifer drawdown and re-
duced yield, and stream depletion.

e Alarge body of compelling scientific research has shown that the activities and materials as-
sociated with unconventional gas development can result in, and have resulted in, significant
impacts to drinking water resources.

e Health effects associated with chronic oral exposure to HVHF chemicals include carcinogen-

icity, neurotoxicity, immune system effects, changes in body weight, changes in blood chem-
istry, liver and kidney toxicity, and reproductive and developmental toxicity.
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Some fracturing fluid ingredients are claimed to be confidential business information (CBI)
that can remain undisclosed to regulators and the public. Therefore, the possible presence of
unknown chemical constituents in HVHF wastewater contributes to uncertainty about the
effectiveness and potential impacts of management strategies, particularly with regard to
toxicity, mobility, treatment efficacy and emergency management.

Research has demonstrated that even with specialized treatment, the discharge of HVHF
wastewater to surface waters can impact downstream drinking water supplies with the in-
creased risk of disinfection byproduct formation. The PADEP amended Chapter 95
Wastewater Treatment Requirements (25 Pa. Code § 95.10) under the Clean Streams Law for
new discharges of TDS in wastewaters (known as the 2010 TDS regulation), and in May of
2011, asked operators to stop discharging shale produced water to wastewater treatment
plants that were exempt from the 2010 TDS regulation.

The vulnerabilities of drinking water resources related to hydraulic fracturing can vary in
frequency and severity depending upon multiple factors that are both within and beyond hu-
man control.

The weight of evidence from several studies and data indicates that HVHF activities have ad-
versely impacted private wells in Pennsylvania, and that proximity to gas wells is an im-
portant factor in the likelihood of such impacts.

Comments minimizing the risks to drinking water resources are not consistent with the
weight of the scientific evidence, the record of industry safety and compliance with regula-
tions, and the recognition of other factors that contribute to the risks to drinking water re-
sources.

The Commission agrees with and relies on the EPA’s understanding and interpretation of the
peer-reviewed scientific research published through 2016; the EPA’s conclusions that hy-
draulic fracturing activities can impact water resources under some circumstances; and
EPA’s finding that these impacts can range in frequency and severity, depending on the com-
bination of hydraulic fracturing water cycle activities and local- or regional-scale factors.

After EPA issued its final report on Impacts from the Hydraulic Fracturing Water Cycle on
Drinking Water Resources in the United States in 2016, additional research was published
reinforcing EPA’s conclusions and providing additional compelling evidence that HVHF may
be accompanied by adverse impacts to water resources.

The Commission has determined that if HVHF were permitted and commercially recoverable gas
were present in the Delaware River Basin, HVHF would be performed at dozens or hundreds of well
pad sites in the Basin, primarily: in rural areas dependent upon groundwater resources; in sensitive
headwater areas considered to have high water resource values, in areas draining to DRBC Special
Protection Waters, and in a region characterized by extensive geologic faults and fractures. Adverse
impacts to drinking water would inevitably occur, as the result of spills, releases and discharges of
harmful pollutants, including gas, salts, metals, radioactive materials, organic compounds, endocrine-
disrupting and toxic chemicals, and chemicals for which toxicity has not been determined.
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A decade of experience in other regions has shown that regulation is not capable of preventing ad-
verse effects or injury to water resources from HVHF-related spills, gas migration, and releases of
chemicals and hydraulic fracturing wastewater. Accordingly, the Commission has determined that
controlling future pollution by prohibiting high volume hydraulic fracturing in the Basin is required
to effectuate the Commission’s Comprehensive Plan, avoid injury to the waters of the Basin as con-
templated by the Comprehensive Plan and protect the public health and preserve the waters of the
Basin for uses in accordance with the Comprehensive Plan.

2.3.3.2 Surface Waters and Aquatic Life

A large number of commenters expressed views about the impacts of high volume hydraulic fractur-
ing activities on surface waters and aquatic life. Many expressed concerns that hydraulic fracturing
activities would pollute streams and/or reduce stream flows, while many others opined that hydrau-
lic fracturing can be and has been done safely and responsibly, and that concerns about potential
impacts to surface waters and aquatic life are unfounded.

STATEMENT OF CONCERN (SC-59)

Representative comments supporting Section 440.3 of the rule and generally opposing hydraulic
fracturing on the asserted grounds that it may impair surface water quality or streamflow are para-
phrased below:

o The Delaware River was designated as part of the National Wild and Scenic Rivers System by
Congress because of its outstanding features, irreplaceable resources, exceptional water
quality and scenic and recreational values. These prized assets provide important economic
benefit to all four states whose tributaries flow to the Delaware River. These values are
gravely jeopardized by hydraulic fracturing and its polluting operations and must be pro-
tected for the public and future generations.

o The DRBC Water Code protects certain interstate waters of the Delaware River and its tribu-
taries that have exceptionally high water quality, and which the Commission has designated
as Special Protection Waters. The Code sets a management objective of “no measurable
change except toward natural condition” for these waters. Natural gas extraction and its re-
lated activities have the potential to impair the quality of ground and surface waters that
comprise or contribute to these exceptional quality waters.

o Recent studies have shown not only toxic pollutants of various kinds but very high radioac-
tivity in HVHF waste. Accidents and leaks do happen, and we can't afford to let hydraulic frac-
turing happen in the Delaware River Basin.

o Substantial damage is caused by the toxic wastewater produced by hydraulic fracturing,
which contains many dangerous pollutants, including naturally occurring radioactive mate-
rials, that cannot be fully removed by treatment, and those damages can substantially harm
the water quality of our streams and the life in them.
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o The infrastructure involved in fracking and waste disposal (well pads, pipelines, etc.) have
consequences such as soil erosion and loss of riparian buffer zones that protect the quality of
the water in the river.

o Portions of the DRB are sanctuary to rare and endemic species of plants and animals and
home to the highest concentration of rare, threatened, and endangered species in Pennsylva-
nia. Many of these plants and animals are extremely vulnerable to changes in habitat, stream
flows, water chemistry, temperature, and turbidity that could result from the varied effects
of unconventional natural gas development. Changes to stream water quality have been
shown to occur where gas drilling and related activities are located.

Representative examples of comments opposing Section 440.3 of the rule and supporting hydraulic
fracturing in the Delaware River Basin on the asserted grounds that it poses little risk to surface wa-
ter quality, streamflow and/or aquatic life are paraphrased below:

o DRBC's proposal to prohibit HVHF operations in the Delaware River Basin is an extreme over-
reaction based upon either a misunderstanding or a misinterpretation of the most current
and accurate information about the level of risk to surface water and groundwater sources
from HVHF operations.

o The science and data clearly demonstrate that hydraulic fracturing can be and has been done
safely and responsibly.

o SRBC data in PADEP possession indicate “no discernible impact” to the quality of water re-
sources as a result of natural gas development.

o The potential risks to the environment posed by unconventional gas development are con-
trollable and negligible and are offset by considerable potential benefits.

o Hydraulic fracturing operators have developed and implemented zero-discharge and con-
trolled-collection well pad containments for use in sensitive environments to minimize the
chances and consequences of the release of wastes generated by hydraulic fracturing.

RESPONSE (R-59)

The DRBC acknowledges and affirms those comments highlighting the Basin’s outstanding water re-
sources and the Commission’s responsibility to manage these resources for continued human and
ecological uses. The Commission appreciates the support expressed by many commenters for the
regulations as an appropriate way to meet this responsibility. Although the DRBC also recognizes and
appreciates industry’s efforts to develop unconventional gas resources safely, for the reasons set
forth below, we disagree that the regulations are an overreaction, that they are not based on current
and accurate information about the risks to water resources posed by high volume hydraulic fractur-
ing, and that the risks of this activity in the Delaware River Basin are controllable and negligible. The
Commission accepts as thoroughly researched and accurately reported the EPA’s conclusion in its
2016 report that hydraulic fracturing activities can impact water resources under some circum-
stances, and that these impacts can range in frequency and severity depending on the combination
of hydraulic fracturing water cycle activities and local- or regional-scale factors (U.S. EPA, 20164, p.
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ES-3). After EPA issued this final report in 2016, additional research and data were published rein-
forcing EPA’s conclusions and providing additional compelling evidence that HVHF may be accom-
panied by adverse impacts to water resources. Adverse impacts to surface waters and aquatic life
water would inevitably occur as the result of planned or accidental discharges of harmful pollutants,
including salts, metals, radioactive materials, organic compounds, endocrine-disrupting and toxic
chemicals, and chemicals for which toxicity has not been determined.

DRBC fulfills the resource management charge conferred on it by the interstate and federal statute
known as the Delaware River Basin Compact through policies, regulations and practices informed by
science. As DRBC’s policy set forth in its Comprehensive Plan and codified in the Delaware River
Basin Water Code states:

The quality of Basin waters, except intermittent streams, shall be maintained
in a safe and satisfactory condition for the following uses:

1. agricultural, industrial, and public water supplies after reasonable
treatment, except where natural salinity precludes such uses;

2. wildlife, fish and other aquatic life;
3. recreation;
4. navigation;

5. controlled and regulated waste assimilation to the extent that such
use is compatible with other uses;

6. such other uses as may be provided by the Comprehensive Plan.
(Water Code, § 3.10.2 B).

The Commission’s Comprehensive Plan and Water Code further provide that “it is the policy of the
Commission that there be no measurable change in existing water quality except towards natural
conditions in waters considered by the Commission to have exceptionally high scenic, recreational,
ecological, and/or water supply values.” The Commission has designated such waters as “Special Pro-
tection Waters.” The Commission acknowledges that hundreds of species thrive in the diverse
stream, wetland, floodplain, and tidally-influenced habitats of the Delaware River Basin and that
these include threatened and endangered species and those identified as Species of Greatest Conser-
vation Need in the wildlife action plans of the four Basin states.

In 1968, Congress passed the Wild and Scenic Rivers Act. The Act "declared to be the policy of the
United States that certain selected rivers of the Nation, which with their immediate environments,
possess outstandingly remarkable scenic, recreational, geologic, fish and wildlife, historic, cultural,
or other similar values, shall be preserved in free- flowing condition, and that they and their imme-
diate environments shall be protected for the benefit and enjoyment of present and future genera-
tions. "
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The DRBC cited this same passage in Docket No. D-78-51 CP, when it created a project docket to
incorporate the designation of the Upper Delaware River as a component of the National Wild and
Scenic River System into the DRBC Comprehensive Plan in accordance with Sections 11.1 and 13.1 of
the Delaware River Basin Compact on July 26, 1978. Following the recommendations in the Final
Environmental Impact Statement (NPS 1976) evaluating the designation of the river, the Commission
declared that:

“The Governors of New York and Pennsylvania, jointly or through the Delaware River Basin Commis-
sion, and with the cooperation of local governments, take the lead in developing and implementing
necessary land use control measures including adoption of flood plain and other zoning, building
codes, standards for plant siting, utility rights-of-way, water and sewer line permits, etc., to assure
(1) preservation of the existing environmental values in the river corridor, and (2) that permitted
development within the corridor is compatible with designation of the river as a scenic and recrea-
tional river.”

The DRBC later reaffirmed the inclusion of the Upper Delaware Scenic and Recreational River
(UDS&RR) in the Comprehensive Plan. In revised DRBC Docket No. D-78-51 CP (March 23, 1988), the
Commission made the decision that they “will consider the impact of a project on all areas within the
boundaries of the Upper Delaware Scenic and Recreational River area to determine if such project
impairs or conflicts with the Comprehensive Plan.”

Congress designated the Upper Delaware River as part of the National Wild and Scenic Rivers System
in recognition of its Outstandingly Remarkable Values (ORVs). ORVs are defined by the Wild and
Scenic Rivers Act as the characteristics that make a river worthy of special protection and represent
the resources and values that must be protected and enhanced. In order to be assessed as outstand-
ingly remarkable, a value must be river-related and must be a unique, rare, or exemplary feature that
is significant at a comparative regional or national scale. Within Upper Delaware Scenic and Recrea-
tional River, Middle Delaware Scenic and Recreational River, and Lower Delaware Wild and Scenic
River these ORVs include exceptional water quality, free flow, ecological communities with high in-
tegrity, and outstanding water-based recreational opportunities (boating, fishing, scenic touring
along the river) within close proximity to the most populated region of the United States.

The Commission’s regulations, plans and policies have been developed and implemented over the
course of nearly six decades to underpin and implement a comprehensive water resource manage-
ment program or “Comprehensive Plan.” See Compact, §§ 3.2(a) and 13.1. Although the long-term
impacts of the shale gas industry on surface water and aquatic life are not yet fully understood, the
scientific evidence to date, as set forth in detail below, makes clear that in those regions outside the
Basin where high volume hydraulic fracturing has been intensively used to extract oil and gas from
shale, this practice and the activities that accompany it have resulted in adverse impacts to surface
waters and aquatic life that, were they to occur within the Basin, would significantly impair and im-
pede the effectuation of the Commission’s Comprehensive Plan and injuriously affect the waters of
the Basin as contemplated by the Comprehensive Plan.

R1sks AND IMPACTS TO SURFACE WATERS AND AQUATIC LIFE

Assessing the potential for HVHF impacts to surface water and aquatic life requires an understanding
of all phases of HVHF and supporting activities and an understanding of the hydrologic linkage
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between surface water and groundwater. The EPA’s 2016 report describes in detail the risk to water
resources of five stages of the “hydraulic fracturing water cycle,” consisting of: water acquisition,
chemical mixing, well injection, produced water handling, and wastewater disposal and reuse (U.S.
EPA, 20164, p. ES-9). The section of the report focused on natural gas well injection includes a dis-
cussion of well construction, the importance of mechanical integrity, and the implications of the loss
of mechanical integrity as wells age.

The interaction between surface water and ground water is an important process that factors into
the risks of HVHF activities to groundwater and surface water and is examined in studies of HVHF
impacts. The interaction takes place two ways in the Basin; in most areas and under most conditions,
streams gain water from the inflow of groundwater through the streambed; in other areas and/or
under other conditions, streams lose flow to groundwater. Some streams do both, gaining flow in
some reaches, and losing flow in other reaches. Streams can also gain flow under some conditions
(such as low-flow conditions) and lose flow under other conditions (such as during flood events). As
water flows between groundwater and surface water, contaminants can move with it. Contaminants
in groundwater can be transported into adjacent surface water, and contaminants in surface water
can be transported into adjacent groundwater. While surface water transport of contaminants is
relatively rapid, the transport of contaminants through groundwater is usually very slow.

Risks to water resources at each stage of the hydraulic fracturing water cycle were identified in re-
ports by the EPA (U.S. EPA, 2016a) and the NYSDEC (NYSDEC, 2015a, 2015b). Risks specific to sur-
face water and aquatic life are noted in Table 8, adapted from these reports:

Stage of Hydraulic Risks to Surface Waters and Potential Contaminant
Fracturing Aquatic Life Transport Pathways

Water acquisition e Stream depletion N/A

Chemical mixing e Spills, leaks, and other releases e Surface flow to surface water

e Combinations of surface flow and
subsurface flow

Well injection e Migration of drilling fluids during e Surface flow

(includes activities associ- construction; e Combinations of surface flow and
ated with well construction, | e Migration of gas and/or fluids subsurface flow

stimulation, production, from target formation to aquifers

and post-production) or streams;

e Migration of gas from non-target
formations to aquifers or streams;

e Surface release of fluids (Blow-
outs, other equipment failures, in-
terwellbore communications)

e Sedimentation

Produced water handling e Spills, leaks, and other releases e Surface flow to surface water
e Combinations of surface flow and
subsurface flow
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Wastewater disposal and ¢ Inadequate treatment e Surface water discharge

reuse e Improper storage or disposal e Surface water runoff

e Reuse for roadway de-icing or dust | e Infiltration or subsurface discharge
control and subsurface migration

Table 8: Risks to Surface Waters and Aquatic Life at Each Stage of Hydraulic Fracturing Water Cycle

The risks noted in the table are described in greater detail below, as are the potential and docu-
mented impacts to surface waters and aquatic life that have been described in the scientific literature
and agency reports.

WATER AcQUIsITION — Each high volume hydraulic fracturing (HVHF) event utilizes millions of gal-
lons of fresh water, and most of the water used is permanently removed from the hydrologic cycle.
In Pennsylvania, the average amount of water used per event has increased from 7.46 million gallons
to 16.04 million gallons as documented in an analysis of FracFocus Data for 2013-17 by ALL Consult-
ing, LLC (ALL Consulting, 2018). Responses to other comments regarding water use for hydraulic
fracturing are presented in Section 2.3.2.1, Water Use.

The likelihood of adverse effects of HVHF on regional surface water availability is low, as discussed
in Section 2.3.2.1, Water Use. However, in the absence of constraints on the timing and location of
large withdrawals, adverse impacts at the local scale, including diminished capacity to assimilate
contaminants, are a concern, particularly during seasonal low-flow periods.

A study of the Susquehanna River Basin performed by the EPA showed that the potential for impacts
to surface water quantity and quality as a result of HVHF water acquisition increases at finer tem-
poral and spatial resolutions (U.S. EPA, 2015b, p. 1). The study determined a surface water use in-
tensity index, calculated as the sum of withdrawals for HVHF in a watershed on a given day, divided
by the total surface water available (equated with streamflow at the watershed outlet on that day).
The index is a measure of the impact of the withdrawals on streamflow for a particular watershed.
The index was evaluated at different scales to determine how impacts vary with watershed size. Anal-
ysis of this metric showed that for HVHF withdrawals during 2009-2013, the surface water use in-
tensity index did not exceed a value of 0.1 for watershed areas greater than 27 mi2, meaning that for
these larger watersheds, HVHF withdrawals did not exceed 10 percent of streamflow on any given
day. Index values exceeded 0.2 only in the smallest watersheds of less than 7.8 mi2. The Susquehanna
River Basin Commission regulates water acquisition and issues permits to operators for individual
withdrawal sites. The permits assign daily withdrawal and pumping rate limits and set river passby
flow thresholds that halt withdrawals during periods of low flow. The EPA study also showed that
higher withdrawal rates and larger index values would have been observed on many occasions if the
passby flow thresholds had not been in place. This result indicated that the SRBC’s regulations were
effective in reducing HVHF impacts on streamflow.

The EPA study also conducted an analysis of the potential impact of reduced streamflows on water
quality by calculating the value of “concentration magnification” from the surface water use intensity
index. Results showed that for watersheds larger than 200 mi?, pollutant concentrations would in-
crease 10 percent or less - and usually, 1 percent or less — due to reduced water volume. Water qual-
ity was more vulnerable to withdrawals in watersheds smaller than 20 mi?, where in some instances
pollutant concentrations increased by factors ranging from 2-10. The report noted that effluent
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discharges might be less frequently permitted on such vulnerable streams. At a representative public
water supply in Bradford County and a private wellfield in Wyoming County, the study also examined
the potential for groundwater withdrawals to result in localized impacts due to aquifer drawdown
and baseflow depletion. The study did not find any observed or reported impact from hydraulic frac-
turing water acquisition on local domestic wells, and baseflow depletion was less than 10 percent
under average flow conditions. A study by Yale University within the Pennsylvania Marcellus region
similarly concluded that flow alteration from HVHF activity varies inversely with watershed area
(Barth-Naftilan et al, 2015).

A study by SBRC and Penn State University examined effects of HVHF withdrawals on fish and ma-
croinvertebrate assemblages in the Susquehanna River Basin (Shank and Stauffer, 2015). Regression
models indicated that catchment-level variables other than withdrawals explained most of the vari-
ation in fish metrics, and variations in macroinvertebrate metrics were not explained by any of the
variables considered. The researchers concluded that impacts of shale gas withdrawals on fish and
macroinvertebrates within the Susquehanna River Basin were limited and that the withdrawals were
not impacting fish and macroinvertebrate assemblages to a greater degree than other watershed var-
iables. Possible reasons for this conclusion are the success of pass-by flow restrictions in limiting
impacts of withdrawals and in some instances the relatively recent initiation of withdrawals within
the previous three years.

CHEMICAL MIXING - The chemical mixing stage includes the mixing of base fluid (90 percent to 97
percent by volume, typically water), proppant (2 percent to 10 percent by volume, typically sand),
and additives (up to 2 percent by volume, typically less than 0.5 percent) on the well pad to produce
the fluid used for hydraulic fracturing. This fluid is engineered to create and extend fractures in the
targeted formation and to carry proppant into the fractures. Concentrated additives, often including
biocides, are delivered to the well pad and stored on site, often in multiple, closed containers, and
moved around the well pad in hoses and tubing (U.S. EPA, 20164, p. ES-22). Many chemicals from
hydraulic fracturing activity are known to be hazardous (meaning they are carcinogenic, endocrine
disrupting, produce adverse immune or nervous system effects, and/or are toxic to reproductive and
developmental systems); however, not all of the chemicals and additives used in hydraulic fracturing
have been identified, and only a subset of the identified substances have established toxicity values,
according to the EPA (U.S. EPA, 201643, p. ES-43). Despite these uncertainties, depending on the con-
centrations and synergistic effects of chemicals during exposure, the known properties of substances
used and generated by hydraulic fracturing and their potential human health effects include toxicity
to multiple human organs, sensitization, irritation, developmental effects, and tumor promotion
(Kassotis et al, 2018). Additional information about chemicals used in hydraulic fracturing is pre-
sented in Section 2.3.2.2, Pollution from Spills.

Risks to surface waters and aquatic life during the chemical mixing stage of HVHF include spills, leaks,
explosions and other fluid releases that can flow into surface waters. The Commission acknowledges
that the industry has developed measures that, when implemented properly, can reduce the potential
for fluid releases. These include zero-discharge and controlled-collection well pad containments. The
investment in such approaches is evidence in and of itself of the risks posed by spills. Despite their
deployment, however, impacts on groundwater or surface water due to overflows, liner breaches,
tank corrosion and leakage, casing, hose, or pipeline ruptures, fires, and other construction and
equipment issues have been documented (Frazier, 2017a; PADEP, 2017c; PADEP, 2016b; PADEP,
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2016c; PADEP, 2016d; U.S. EPA, 20164, p. 8-43; PADEP, 2014b; PADEP, 2014c; U.S. EPA, 2014; Wil-
liamsport Sun-Gazette, 2014; Considine et al, 2012; Detrow, 2012; MDN, 2012; Gilliland, 2011; Leg-
ere, 2011). A 2019 study estimated that the likelihood of impacts to surface water from spills result-
ing from HVHF activity at the well pad is as high as 1 in 10 per well (Shanafield et al, 2019). Some
examples of spill incidents that resulted in impacts to surface water and/or aquatic life are presented
below in the discussions of well injection and produced water handling. Responses to additional
comments regarding spills, including frequency of spill occurrences, are presented in Section 2.3.22,
Pollution from Spills.

WELL INJECTION - The well injection stage involves the injection of hydraulic fracturing fluids
through the production well and their movement in the production zone. This stage also includes
activities at the well site before and after injection, including well construction, production, and post-
production. During the process of well injection, the fluid mixtures described above are pumped into
the well at high pressure. The pressure is increased until it exceeds the formation strength and frac-
tures the rock. Equipment failure during fracturing operations can result in the release of HVHF flu-
ids as well as formation waters. Some examples are presented below:

e On April 19, 2011, a well head failure during hydraulic fracturing on a Chesapeake Energy
well pad in Bradford County, PA, allowed thousands of gallons of HVHF fluid to flow onto the
pad, overwhelm multiple containment measures, and discharge into a tributary (Towanda
Creek) to the Susquehanna River. Reports of the incident noted that the event occurred de-
spite ‘careful measures’ being implemented by the operator, which underscores the potential
for catastrophic failure despite best intentions, planning and practice exercised in the indus-
try. A release of 21,000 gallons of production fluid was spilled within Pennsylvania State
Forest lands and resulted in the death of amphibians in a local pond (Considine et al.,, 2012;
Natural Gas Intelligence, 2011; Gilliland, 2011).

e A catastrophic fire in 2014 at the Eisenbarth well pad in Clarington, Ohio consumed the con-
tents of the well pad, which included more than 25,000 gallons of products that were staged
and/or in use. Among the materials were 3,300 gallons of tributyl tetradecyl phosphonium
chloride (TTPC), a biocide; three Cesium-137 radiological sources; 7,000 gallons of GasPerm
1000 microemulsion surfactant product; and more than 11,000 gallons of petroleum distil-
lates. As aresult of fire-fighting efforts and uncontrolled flowback from one of the eight wells
at the site, significant quantities of water and unknown quantities of materials stored on the
well pad left the site and entered an unnamed tributary of Opossum Creek, a tributary to the
Ohio River. The Ohio Department of Natural Resources (ODNR) reported an estimated
70,000 dead fish from an approximately 5-mile reach of the unnamed tributary (U.S. EPA,
2014).

e An explosion at an XTO-owned well pad near Powhatan Point, Ohio on February 15, 2018
damaged the wellhead and caused the loss of control of the well for 19 days. The accident
resulted in the uncontrolled release of over 5,000 gallons of HVHF fluid into a tributary of the
Ohio River (DiSavino and Palmer, 2018; Grant, 2018; 2018; U.S. EPA, 2018a) and by EPA’s
estimate, 2 billion cubic feet of natural gas to the atmosphere (Grant, 2018). The cause of the
incident was reportedly a pressure buildup that resulted in the failure of a well casing (Grego,
2019). This incident is noteworthy because it occurred in 2018, following several years of
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progress in the development of industry standards and best practices, resulting in what API
described (one month after the incident) as “significant improvements to system integrity,
reliability, and integrated safety.” (API, 2018, pp. 1-2)

e Gas leaking from defective production wells can migrate to shallow groundwater and to
streams and can be observed to bubble up from the impacted streambed (Grieve et al, 2018;
Llewellyn et al, 2015). Geochemical analyses of water from one stream with high methane
(Sugar Run, Lycoming County) were found by the U.S. Geological Survey to be consistent with
Middle Devonian gases (Heilweil et al, 2014). The stream is near the location of a PADEP
investigation of suspected stray-gas migration from a nearby Marcellus Formation gas well.
One-dimensional stream-methane transport modeling by USGS was used to quantify the
amount of methane entering the stream. Results indicated a groundwater thermogenic me-
thane flux of about 0.5 kilograms per day discharging into Sugar Run. Another investigation
of 131 stream sites in Pennsylvania found methane concentrations in 12 of the sites were
above a threshold of 4 pg/l, indicating sources such as leaking gas wells, shallow organic-rich
shales, coal, or landfills (Wendt et al, 2018). Additional investigation combined data for over
500 streams in Pennsylvania, New York, and West Virginia and found 128 sites with elevated
methane. The study also documented the phenomenon of “gas leak drainage” (GLD), whereby
hydrocarbons from leaking gas wells change the subsurface redox environment such that
metals are mobilized, and hydrogen sulfide is produced. The impacted groundwater can dis-
charge to the surface as GLD A consequence is visible rust-colored methane- and metal-rich
springs (not located near coal mining and chemically distinct from abandoned mine drain-
age) that flow into and impact nearby streams (Woda et al,, 2019).

Another risk during fracturing operations is interwellbore communication, in which induced frac-
tures intercept a nearby well with possible flow of fluids from one wellbore to another, as in the
incident described below.

e On January 13, 2012 in Garrington, Alberta, a horizontal well was being stimulated, and a
communication pathway was created between the stimulated horizontal well and a vertical
well producing from the same formation 432 feet away. The opening of this pathway resulted
in fluids migrating from the stimulated well to the nearby producing well and the uncon-
trolled released of hydraulic fracturing fluid and formation fluids to the surface through the
vertical well. An estimated 75 cubic meters (about 20,000 gallons) of fluids were released.
The cause of the incident was the flawed design of the horizontal well stimulation. According
to the provincial regulator, the spilled fluids were contained, and the incident did not impact
groundwater or surface waters (ERCB, 2012).

In 2016 the PADEP adopted regulations to address communication with offset wells. Other risks re-
lated to the well injection stage of the hydraulic fracturing water life cycle are presented in Sec-
tion2.3.2.3, Pollution from Fluid Migration.

The activities and materials associated with the chemical mixing and well injection phases of HVHF
can and have resulted in significant impacts to surface waters and aquatic life.

PRODUCED WATER HANDLING — Produced water is a waste generated during shale gas production,
and it flows to the surface through the production well, along with gas. It consists of initial flowback
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of a portion of the fracturing fluids injected into the wellbore and formation fluids. Operators must
capture, store, treat, and/ or dispose of large amounts of produced water, either on site or off site.
Produced water from hydraulic fracturing activities has been found to contain components of the
fracturing fluid and sub-surface contaminants including, among others:

Salts, including those composed from chloride, bromide, sulfate, sodium, magnesium, and cal-
cium;

Metals, including barium, manganese, iron, and strontium;

Naturally occurring organic compounds, including benzene, toluene, ethylbenzene, xylenes
(BTEX), and oil and grease;

Radioactive materials, including radium; and

Hydraulic fracturing chemicals and their chemical transformation products (U.S. EPA, 201643,
p. ES-33).

Releases of produced water and/or fracturing fluids from hydraulic fracturing activities can ad-
versely impact and have impacted surface waters and aquatic life. These effects can be conspicuous
in spill incidents that result in releases to waterways. Some examples are described below:

During the development of four natural gas wells in 2007 in Kentucky, HVHF fluids were re-
leased into Acorn Fork, a designated Outstanding State Resource Water and habitat for a
threatened fish species, the Blackside Dace. As a result, stream pH dropped, stream conduc-
tivity increased abruptly and persistently, and aquatic invertebrates and fish, including the
Blackside Dace, were killed or distressed (Papoulias and Velasco, 2013).

In 2009, a leak in an overland pipe carrying a mixture of flowback and freshwater between
two HVHF impoundments in Pennsylvania released approximately 11,000 gallons of fluids
into an unnamed tributary of the Ohio River, affecting a 0.6 km length of the stream, in which
fish and salamanders were killed (U.S. EPA, 20164, p. 7-26).

In 2010, inspectors observed an unpermitted discharge from an open valve at an XTO-oper-
ated recycling plant in Penn Township, Lycoming County. HVHF produced water flowed
through the open valve, into a drainage swale, off the pad, and eventually impacted an un-
named tributary to the Susquehanna River and a spring. The volume of fluid released was
estimated to range from between 534 to 1,366 barrels. 528 tons of contaminated soil were
removed from the drainage swale. Investigation and sampling by EPA and PADEP found ele-
vated levels of chloride, barium, strontium and total dissolved solids in the tributary stream
as a result of the discharge. The PADEP assessed XTO a civil penalty of $300,000 (PADEP,
2016c; Marczak, 2013).

In 2014, a spill of produced water at a well pad in Tyler County, West Virginia resulted in

surface water contamination for more than one month, as confirmed by surface water sam-
pling adjacent to the spill site (Harkness et al, 2017).
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e During 2012-14, multiple HVHF fluid releases occurred through overflows or holes in liners
of eight centralized impoundments owned and operated by Range Resources Appalachia LLC
in Washington County, PA. The releases impacted three tributaries of the Ohio River. In addi-
tion to a civil penalty of $4,150,000, the PADEP-issued Consent Order and Agreement re-
quired impoundment closure or upgrades, and remediation of contaminated areas (PADEP,
2014c).

e In 2015 a pipeline leak discovered near Williston, North Dakota released nearly 3 million
gallons of produced water from hydraulic fracturing operations into a tributary of the Mis-
souri River over a period of at least three months. Following the initiation of remediation
efforts, the U.S. Geological Survey led an investigation of the downstream effects of the spill.
Geochemical and biological sampling downstream from the spill site found numerous persis-
tent effects, including boron and strontium concentrations and radium activities in sediment
up to 15 times background, reduced fish survival, and estrogenic inhibition. The findings
demonstrate that “environmental signatures from HVHF wastewater spills are persistent and
create the potential for long-term environmental health effects.” (Cozzarelli et al, 2017). In-
organic contamination at other spill sites in North Dakota was also persistent, with contami-
nants observed at spills sites up to four years following the spill events (Lauer et al, 2016).
The impacts from sequential spills to the same streams may be even more persistent: micro-
cosm studies of biocides commonly used in HVHF (glutaraldehyde and DBNPA) indicated that
after streams have been impacted by either of these biocides, microbial community changes
can affect degradation dynamics, such that future impacts may persist even longer than they
would in previously unimpacted streams (Campa et al,, 2019; Campa et al, 2018).

e Not only have scientists and the PADEP found contamination of surface and ground water
sources as a result of HVHF-related spills in Pennsylvania, but so has at least one Pennsylva-
nia court. In Kiskadden v. PADEP, Judge Wojcik wrote in reference to the Yeager site, a HVHF
waste impoundment operation in Washington County, PA cited for numerous violations of
state laws regulating oil and gas, solid waste management, clean streams, and dam safety and
encroachment: “[TThere is little dispute that the activities at the Yeager Site impacted the
environment and contaminated the soil and adjacent springs . ..."” Kiskadden v. Pa. Dep't of
Envtl. Prot., 149 A.3d 380, 403 (Pa. Cmwlth. 2016).

Following a multi-year grand jury investigation of HVHF impacts, the Pennsylvania Attorney General
brought criminal charges against Yaeger site leaseholder Range Resources for negligent oversight, to
which the company pleaded no contest (Phillis, 2020). Notably, as of October 8, 2016, the use of
centralized impoundments to store unconventional well wastewater is allowed in Pennsylvania only
if the operator obtains a residual waste storage permit from the Department. See 25 Pa. Code §
78a.59c. Responses to additional comments regarding spills are presented in Section 2.3.2.2 (Pollu-
tion from Spills) of this Comment and Response Document.

The activities and materials associated with the produced water handling phase of HVHF can and
have resulted in significant impacts to surface waters and aquatic life.

WASTEWATER DISPOSAL AND REUSE - This final stage of the hydraulic fracturing water cycle consists
of the management of wastewater, including disposal, recycling and reuse in hydraulic fracturing op-
erations, and other reuses. Until 2011, much of the produced water generated by HVHF in
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Pennsylvania was treated inadequately at publicly owned treatment works (POTWs) and discharged
to surface water. Adverse impacts in the receiving waters from these discharges have been docu-
mented. Following the discontinuation of this practice, effluent quality from the POTWs improved
(Ferrar et al, 2013), but other means of disposing of HVHF wastewater were needed. The PADEP
amended Chapter 95 Wastewater Treatment Requirements (25 Pa. Code § 95.10) under the Clean
Streams Law for new discharges of TDS in wastewaters (known as the 2010 TDS regulation), and in
May of 2011, asked operators to stop discharging shale produced water to wastewater treatment
plants that were exempt from the 2010 TDS regulation because of water quality concerns down-
stream of municipal discharge points (PADEP, 2011). While to the best of our information POTWs
are at present complying with the PADEP request, no law or regulation fully prohibits all discharges.
The federal government (EPA) has signaled a desire to expand discharge options (see U.S. EPA, 2019).
Under 25 Pa. Code § 95.10 new and expanding treated discharges of wastewater resulting from hy-
draulic fracturing may be authorized by the PADEP, provided that requirements regarding effluent
concentrations are met. Details about these requirements are provided in Section 2.3.2.4, Pollution
from Wastewater Treatment and Disposal.

Presently, most of the HVHF wastewater produced in Pennsylvania is recycled to hydraulically frac-
ture other wells or is transported to other states for disposal through deep well injection. However,
some HVHF wastewater is treated at centralized waste treatment facilities (“CWTs” or “CWT facili-
ties”) in Pennsylvania, and CWT effluent discharges have generated numerous environmental prob-
lems as described in this section and in Section 2.3.3.1, Drinking Water Resources. The use of CWT
facilities in Pennsylvania could increase in the future in response to changing circumstances (U.S.
EPA, 2019).

Studies in suspected impact areas downstream from CWT discharges and spills have documented the
various effects that even treated wastewater from HVHF activities can have, and have had, on surface
water quality and aquatic life. A 2013 study focused on the impacts to background water quality in a
western Pennsylvania stream caused by CWT discharges. The study showed that the discharge from
a CWT exclusively treating oil and gas wastewaters increased downstream concentrations of chloride
and bromide to above background levels. Chloride concentrations 1.05 miles (1.7 km) downstream
from the treatment facility were 2 to 10 times higher than the background chloride concentrations
observed in western Pennsylvania reference streams. Levels of 226Ra in stream sediments (544-8759
Bq/kg) at the point of discharge were approximately 200 times greater than in upstream and back-
ground sediments (22-44 Bq/kg) and above radioactive waste disposal threshold regulations, posing
potential environmental risks of radium bioaccumulation in localized areas of shale gas wastewater
disposal. Bioaccumulation of radium is known to occur in freshwater fish, invertebrates, mollusks,
and shells, with reported concentration factors of 100-1000 (Warner et al, 2013a).

A 2018 EPA report on centralized waste treatment for managing oil and gas extraction wastes de-
scribed documented and potential human health and environmental impacts of discharges from CWT
facilities managing conventional and unconventional oil and gas extraction wastewater (U.S. EPA,
2018b). Results of analysis of effluent and stream monitoring data (including data collected prior to
the 2011 PADEP request to operators described above) clearly show that CWTs accepting oil and gas
extraction wastes were not operating with adequate treatment for these wastes, and discharges from
CWT facilities accepting oil and gas extraction wastes had the potential to contribute to a range of
human health and environmental impacts. The EPA’s 2018 study attempted in part to determine if
the existing EPA regulations governing CWTs should be updated, specifically in regard to facilities
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that accept oil and gas extraction wastes. Among the many topics covered, the study examined total
dissolved solids (TDS) concentrations in upstream waters, CWT effluent, and downstream waters.
Results, shown in Figure 14, reveal that TDS concentrations of most samples collected in downstream
waters were above the EPA’s Secondary Maximum Contaminant Level (SMCL) of 500 mg/l, which
can be harmful to freshwater aquatic life. Similarly, reported effluent and downstream concentra-
tions of chloride, bromide, metals, and TENORM were also higher than upstream concentrations.
These results demonstrate unequivocally that CWT discharges of treated HVHF wastewater can ad-
versely impact, and have adversely impacted, surface waters.
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Figure 14: TDS Concentrations from Sites Upstream of Effluent Dis-
charge, Effluent from Facilities Treating 0&G Wastewater, and Down-
stream of Discharge Sites.

Source: EPA, 2018b

Conclusions of the EPA study include the following:

o “EPA approved analytical methods do not exist for many constituents found in oil and gas
extraction wastes. In addition, some constituents (such as total dissolved solids) found in oil
and gas extraction wastes can interfere with EPA approved analytical methods and signifi-
cantly affect the ability to detect and quantify the level of some analytes.”

o “Levels of pollutants downstream from CWT facility discharges have been reported to exceed
applicable thresholds, such as primary and secondary drinking water standards and acute
and chronic water quality criteria for protection of aquatic life.”

o “CWT effluents have been shown to adversely affect downstream aquatic life.”

Other details of the 2018 EPA study are presented in Section 2.3.3.4, Pollution from Wastewater Han-
dling and Disposal and Section 2.3.3.1, Drinking Water Resources.
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A regional study of effects of HVHF activities on chloride and total suspended solids (TSS) in the Mar-
cellus Shale watersheds of Pennsylvania suggested that the presence of CWT discharges in a water-
shed increased chloride concentrations downstream, and that the presence of HVHF wells in a wa-
tershed increased downstream TSS concentrations. The CWT discharges were presumed to be the
contaminant pathway for chloride. The contaminant pathway for TSS from well pads was not evident
from the results because an increase in TSS impact was not observed during precipitation events or
during well pad construction (Olmstead et al., 2013).

Studies using environmental markers have documented historical impacts to surface water quality
from the discharge of treated HVHF wastewater by CWTs. A geochemical study of sediment cores and
porewater collected in 2015 from the bottom of the Conemaugh River Lake, areservoir located down-
stream from two CWT facilities in western Pennsylvania, showed surface water impacts from the
disposal of HVHF wastewater during 2006-2011. The two CWT facilities are located 6.2 and 11.8
miles (10 and 19 km) upstream from the reservoir, respectively. Annual contaminant loads of bar-
ium, chloride, and total dissolved solids (TDS) from the facilities were calculated from compliance
data to document the intensity and timing of industrial activity contributing the discharged wastes.
Sections of cores and paired porewater samples were analyzed for a variety of constituents to iden-
tify evidence of deposition from HVHF wastewater. Sediment layers corresponding to the years of
maximum wastewater discharge contained higher levels of salts, alkaline earth metals, and organic
chemicals. Sediment concentrations of barium were high enough to possibly threaten the quality of
neighboring groundwater. Analysis of isotopes of radium and strontium determined that the likely
source of peak concentrations of Ra and Sr were wastewaters originating from the Marcellus Shale.
The unconventional oil and gas wastewater signal was likely derived from a small volume of HVHF
wastewater relative to the volume of the stream but the HVHF wastewater nonetheless had a meas-
urable impact. The study demonstrates that effluent from CWT facilities treating HVHF wastewater
can result in, and has resulted in, persistent sediment contamination many miles downstream (Bur-
gosetal, 2017).

Another study used the accumulation of metals in the shell material of bivalves as a marker to trace
historical upstream wastewater discharges (Geeza et al, 2018). Bivalves precipitate a shell of car-
bonate that can be used as a proxy for a variety of water quality parameters such as temperature, pH,
and salinity. Carbon, oxygen, and strontium isotopes in shell material can be used to reconstruct
water quality conditions, trace environmental contaminants, and observe cyclic variations in water
chemistry. The research team, led by Penn State University, examined the accumulation of metals in
the shells of freshwater mussels collected upstream and downstream of a CWT facility, as well as
from the Juniata and Delaware Rivers that had no reported upstream oil and gas wastewater dis-
charge. Observed changes in the ratios of strontium/calcium and in strontium isotope ratios in shells
collected downstream from the discharge corresponded to the time of the greatest intensity of Mar-
cellus Shale gas wastewater disposal (2009-2011). The changes in these ratios also shifted toward
values characteristic of wastewater produced from development of the Marcellus Shale. Shell mate-
rial collected upstream of the CWT facility and from the rivers without oil and gas wastewater dis-
charges showed lower variability and no trend in either ratio over the 2008-2015 period. The find-
ings suggest that freshwater mussels acted as chemical recorders of HVHF wastewater contaminants
in waterways and that wastewater contaminants likely bioaccumulated in areas of surface disposal.
The layers of shell created after 2011 (when the PADEP asked operators to stop discharging shale
produced water to wastewater treatment plants that were exempt from the 2010 TDS regulation)
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did not show an immediate reduction in the concentration of strontium corresponding to the reduc-
tion in HVHF wastewater discharged after 2011. Instead, the change appeared gradually, suggesting
that higher concentrations of metals and other HVHF contaminants persisted in the sediment in the
mussel habitat. The study results show that impacts from HVHF wastewater discharges on river sed-
iments and biota can be persistent and that even discharges of short duration may leave a long legacy.

The PADEP conducted aquatic biology investigations at sites upstream and downstream from two
facilities that treated industrial waste produced by conventional oil and gas wells. The facilities dis-
charged the treated effluent to the Allegheny River in Warren County PA. Results from the analysis
of water, sediment, and macroinvertebrate sampling demonstrated negative impacts to water qual-
ity, sediment, and macroinvertebrate communities from the upstream discharges of treated oil and
gas wastewater. Results of resampling conducted after the cessation of the discharges showed im-
provements in macroinvertebrate indices and a suite of water-quality parameters that included in-
organics and metals. The resampling studies did not include sediment sampling or radionuclide anal-
ysis that would have indicated whether there had been improvements in sediment quality or radio-
nuclides (Brancato, 2013; Brancato, 2015a-c; Brancato, 2016; Brancato, 2017). Results of a
USFWS/USGS study on the downstream effects of these discharges demonstrated negative impacts
on the survival of a federally endangered mussel species (northern riffleshell) and on the abundance
and diversity of a native mussel species (unionid) (Patnode, 2015). Details of this study are pre-
sented in the section below on Impacts to Aquatic Life.

Although few deep well injection facilities for the disposal of HVHF produced water are currently
operating in Pennsylvania (PADEP, 2018b), the potential for surface water and aquatic life impacts
from these facilities should be noted. The potential risks of this method were evaluated through an
intensive, interdisciplinary study conducted in 2014 by the U.S. Geological Survey at an injection dis-
posal facility in West Virginia. Surface water samples collected downstream from the site had ele-
vated specific conductance (416 uS/cm compared to 74 puS/cm upstream), and sodium, chlorine, bar-
ium, bromine, strontium, and lithium concentrations all were elevated compared to upstream, back-
ground samples. Elevated TDS, a marker of HVHF wastewater, provided an early indication of im-
pacts in the stream. Wastewater inputs were also evident by changes in g7Sr/geSr in stream samples
collected adjacent to the disposal facility, and by organic compounds linked to HVHF found in stream
water and sediments. Sediments downstream from the facility were enriched in Ra and had high bi-
oavailable Fe(IIl) concentrations relative to upstream sediments. Microbial communities in down-
stream sediments exhibited lower diversity and shifts in composition. Water downstream had signif-
icantly more endocrine disrupting chemical (EDC) activity than reference water upstream, and an-
tagonist activities in downstream samples were at equivalent authentic standard concentrations
known to disrupt reproduction and/or development in aquatic animals. Although the hydrologic
pathways of contaminant migration could not be assessed, these data provide strong evidence
demonstrating that activities at the deep well disposal facility were impacting a nearby stream and
altering the biogeochemistry of nearby ecosystems (Orem et al,, 2017; Akob et al, 2016; Kassotis et
al, 2016).

The spreading of oil and gas wastewaters on roadways for deicing or dust suppression is another
means by which HVHF activity may impact water resources and aquatic habitats. From July 2009 to
June 2010, about 13,000 gallons of Marcellus Shale hydraulic fracturing wastewater was reported to
be spread on roads in Pennsylvania (Rozell and Reaven, 2011). Road spreading of brine from uncon-
ventional wells is explicitly forbidden by current Pennsylvania’s regulations See, 25 Pa.Code §§
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78a.70 and 78a.70a. A 2018 study led by Penn State University found that oil and gas wastewaters
spread on roads in the northeastern U.S. have salt, radioactivity, and organic contaminant concentra-
tions often many times above drinking water standards (Tasker et al, 2018). The study also found
that in Pennsylvania from 2008 to 2014, spreading oil and gas wastewater on roads released over 4
times more radium to the environment (320 millicuries) than oil and gas wastewater treatment dis-
charges and 200 times more radium than spill events. Lab experiments demonstrated that nearly all
of the metals from these wastewaters leach from roads after rain events, likely reaching ground and
surface water. Currently, state-by-state regulations do not require radium analyses prior to treating
roads with oil and gas wastewaters. Additional detail about roadway spreading is presented in Sec-
tion 2.7.7 (Application of Hydraulic Fracturing Produced Water/Wastewater).

The activities and materials associated with the wastewater disposal and reuse phases of HVHF can
and have resulted in significant impacts to surface waters and aquatic life.

Additional responses to comments on wastewater handling and disposal are presented in Section
2.3.34.

REGIONAL IMPACTS TO SURFACE WATERS

Statewide data on viola-
tions of the Pennsylvania PA Clean Streams Law Violations for Unconventional
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"
. T s 2500
provide one indication of 2 330 "
: o
the extent to which HVHF g 300 = PA Clean Streams Law 2000 g
activities are resulting in 2 ., 250 Violations &
impacts to surface waters. 23 o
- -1369 1500
Figure 15, constructed from § f 200 A E
PADEP 0il and Gas Reports, £ 5 150 4 S
_ 58 7@1000 S
shows annual total CSL vio- £ 5 100 L\ 5
. . @
lations for unconventional ] ~ 500 %
wells spudded during 2008- = 30 [84] 2
2018. The number of rec- ° 0 0
. . =)
orded CSL violations de- =

"190% '19@ 'L@’Q S '19\} 19\’0’ '19'\'& 'LQJ\?’ '19\’6 '19\:\ 19\’%
creased for five successive

years after 2010, as the

number of unconventional Figure 15: Annual PA Clean Streams Law violations for unconventional
wells spudded declined, but  wells spudded during 2008-2018

increased again after 2015, (data compiled from PADEP Oil and Gas Reports)

as the number of unconven-

tional well spuds began to climb. Figure 16 shows the number of CSL violations per unconventional
well spudded during 2008-2018. This statistic shows a decreasing trend during 2010-2014 and an
increasing trend in violations during 2014-2018. In 2014, the number of CSL violations per well spud
was 0.05, or an average of one violation per twenty well spuds. In 2018, the number of CSL violations
per well spud had increased to 0.28, or one violation per 3.6 well spuds. The PADEP changed the way
it recorded violations, which may have contributed to the latest period of recorded increase.
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The effects of HVHF fluid
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quality in the Appalachian region has been difficult to determine conclusively because baseline con-
ditions are often unknown, or because impacts that have already resulted from other activities, such
as coal mining and other human activities, may be masking any effects of HVHF. The Susquehanna
River Basin Commission examined trends in water quality in the Susquehanna River Basin and found
an increasing trend in specific conductance at 24 stations based on three to six years of data collected
at 53 monitoring stations (SRBC, 2017). However, watershed characteristics (including natural gas
well density) for monitoring stations with increasing conductance trends were not statistically dif-
ferent from those of stations with no observable trend. The section of the report entitled “Next
Steps,” includes the following statement:

0.15

PA Clean Streams Law Violations Per
Unconventional Well Spud
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)

To date, the Commission’s remote water quality monitoring network has not
detected discernible impacts on the quality of the Basin’s water resources as
aresult of natural gas development, but continued vigilance is warranted. The
Commission’s next steps with the program include selecting a subset of sta-
tions with increasing conductance trends to further investigate the cause of
increasing conductance.

A 2016 study by the Northeast-Midwest Institute and the U.S. Geological Survey found that current
basin-wide water quality monitoring in the Susquehanna River Basin is inadequate for determining
if shale gas development activities systematically contaminate surface waters or groundwater
(Betanzo et al, 2016).

A 2019 report by the SRBC describes results from the SRBC Remote Water Quality Monitoring Net-
work (RWQMN) for 16 selected stations (from the full network of 59 stations) in watersheds that
drain portions of, or that flow through, state forest lands (Berry, 2019). The report has been cited as
evidence of no impact from HVHF activity (Shepstone, 2019). The Commission disputes this conten-
tion, as the results presented in this report are inconclusive regarding impacts of HVHF activity. More
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details about SRBC’s 2016 and 2019 monitoring reports are presented in Section 2.6.5 (SRB Policies
and Reports).

The PADCNR Bureau of Forestry partnered with SRBC and others to conduct additional water-quality
monitoring of streams in Pennsylvania state forest lands where HVHF activities have occurred. More
than 97 percent of forest land within the Pennsylvania core gas forest districts are within the Sus-
quehanna River Basin. A report on these monitoring efforts concluded in part:

Water quality monitoring efforts by the bureau and its partners have not
raised significant concerns on state forest headwater streams to date. How-
ever, these are still relatively short-term results and may not be indicative of
long-term or cumulative effects that can only be detected through long-term
monitoring efforts.

(PADCNR, 2018).

Although the SRBC reports are inconclusive, a 2019 study by American University provided evidence
of regional HVHF impacts in southwestern Pennsylvania, primarily within the Ohio River drainage.
The statistical analysis of water quality in streams in southwestern Pennsylvania and western Mary-
land concluded that an index of o0il and gas development had significant explanatory power for vari-
ability in specific conductance, arsenic, strontium, and other cations. The study also found that other
land use and land cover variables (forest, urban development, coal mining) as well as stream dis-
charge and pH were also significantly associated with water quality variables. The results of this
study imply that water quality has been affected by oil and gas development in at least some areas of
the Marcellus Shale region. The study design could not identify the causal mechanisms through which
oil and gas development affects water quality constituents (Knee and Masker, 2019).

As part of a USGS study of water quality in the Monongahela River Basin in West Virginia during July
through October of 2012, fifty stream sites in subbasins were sampled under base-flow conditions.
Concentrations of fluoride and barium were higher in stream subbasins that were near active HVHF
production than in subbasins that were either not near active HVHF production or that had HVHF
production within the subbasin. Elevated fluoride and barium are associated with deep brines. Water
quality results were also compared with historical data, which indicated higher concentrations of
chloride and strontium and higher pH values in the survey samples. Possible pathways for deep-brine
constituents to surface waters include upward migration of brines through faults and fractures, up-
ward migration of brines along improperly constructed or sealed gas wells, and accidental discharge
of well brines to surface waters. Additional study would be needed to further interpret these results
(Chambers et al, 2015).

Toxicand endocrine disrupting chemicals have been detected in surface water and groundwater near
HVHF activity in Pennsylvania. A 2019 study of surface water and groundwater in Susquehanna
County, PA, employed a new approach to characterize biological consequences of pollutants in sam-
ples and the pollutants that may be responsible (Bamberger et al, 2019). Samples were collected
from 33 private wells, 6 streams, 9 ponds, 4 springs, and one lake. Sample proximity to various nat-
ural gas infrastructure, including gas wells, compressor stations, and gas dehydrators was deter-
mined. Natural gas wells in the county with known casing, cement sheath, and/or other impairments
were also identified. The researchers assessed potential toxicity and endocrine activity of the
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samples with biological assays and determined chemical composition in bulk. The bulk chemical
characterizations were then screened for association with anthropogenic activities. One of the bio-
logical assays conducted measures aryl hydrocarbon (Ah) receptor activity, which is an indicator of
potential immunotoxicity. Other biological assays were conducted to assess endocrine disruption. Ah
receptor activity exhibited a strong correlation with proximity to impaired natural gas wells. Endo-
crine receptor (ER) activities did not show such a correlation. It is not clear whether this lack of ER
correlation is due to the absence of endocrine disrupting substances contributed by HVHF activity or
simply the fact that other activities, such agriculture, also contributed to the results. ER activity was
found to be associated with potential hydraulic fracturing chemicals or wastewater constituents de-
tected in some samples. The study detected 17 potential hydraulic fracturing additives or wastewater
constituents that were associated with Ah activity, ER activity, and proximity to impaired wells. The
study authors concluded that the association of these chemicals with biological activity and impaired
wells suggests that anthropogenic activities, including hydraulic fracturing operations, have resulted
in water contamination.

Impacts to surface water from the development of HVHF infrastructure: In addition to the risks de-
scribed above from HVHF activities involving water, there are risks to water resources from the de-
velopment of HVHF infrastructure, including construction of roads, well pads, pipelines, and other
structures. Construction often involves movement of large volumes of material for slope fill, and
erosion of these materials and landslides have been problems. Significant impacts to Pennsylvania
streams, especially small tributary streams, by encroachment from slope failures and landslides and
by excessive erosion and sedimentation at HVHF well pads have occurred. Some cases were severe
and resulted in a PADEP-issued Consent Order and Agreement or a Consent Order and Settlement
Agreement in response to these impacts, such as those cases in Aleppo Township, Greene County
(PADEP, 2015a), Washington County and Green County (PADEP, 2016d, PADEP 2016e), and Franklin
Township, Greene County (PADEP, 2014d). Some details about these cases are described below.

In the 2011 Aleppo Township incident, an operator failed to implement effective erosion and sedi-
mentation control Best Management Practices (BMPs), and a well pad fill slope failed. The resulting
landslide, about 250 feet in length, moved about 800 feet downslope and filled about 1,433 linear
feet of seven unnamed tributary streams feeding into Harts Run that are designated as warmwater
fisheries. Four years later, at the time of the Consent Order and Agreement in 2015, the streams had
not been restored (PADEP, 2015a).

In the 2015-16 incidents in Washington County and Greene County, multiple erosion and sedimen-
tation control BMPs were inadequate, not maintained, or not implemented at multiple well pads and
an associated soil stockpile and access road. Sediment laden stormwater and soil from the sites
moved into unnamed tributaries to Daniels Run and a pond (PADEP, 2016d, PADEP 2016e).

In Greene County in 2012, an operator failed to implement effective erosion and sedimentation con-
trol BMPs, resulting in a landslide that developed on a large fill slope at a well pad, causing fill mate-
rial to encroach into two unnamed tributaries of Grimes Run. Impacts included deforestation of a
forested wetland. A contractor for the operator later unlawfully dumped two truckloads (about 200
barrels) of liquid and suspended solid residual wastes over the landslide. The wastes flowed over
the landslide material and into a stream, polluting it. The residual wastes were from another well
sited owned by the operator (PADEP, 2014d).
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Construction activities associated with the unconventional gas development can and have resulted
in significant impacts to surface waters and aquatic life.

RISK AND IMPACTS TO AQUATIC LIFE

The potential impact to aquatic life from exposure to HVHF fluids and wastewater has been predicted
and documented in several reviews (Kahrilas et al,, 2014; Stringfellow et al, 2014). Although the tox-
icity of many chemicals used in HVHF activities is unknown, several studies (many of which were
published in 2017 or later) have documented a variety of effects of constituents in HVHF produced
waters on biota, including aquatic bacteria, insects, fish, and amphibians. Results of these studies doc-
ument the extent to which HVHF activities can disrupt, and have disrupted, aquatic organisms, pop-
ulations, and ecosystems. Toxicological studies provide an indication of the potential for lethal and
sublethal effects of substances on aquatic biota. Some laboratory toxicological studies use chemicals
or mixtures of chemicals used for HVHF or that are found in flowback or produced waters. Other
studies use samples of flowback or produced waters collected at well pads. HVHF chemicals can un-
dergo chemical transformations in the subsurface, and the resulting transformation products can be
toxic and impair the treatability and natural attenuation of produced water (Kahrilas et al, 2016).
The chemical composition of flowback and produced waters is highly variable both spatially and tem-
porally (U.S. EPA, 2018b), and this variability could be a factor in the outcome of studies that use
samples of flowback and/or produced waters from individual wells at specific times following stim-
ulation.

Many studies have assessed aquatic conditions and populations in the field and relate these to prox-
imity to HVHF activities. Results of these types of studies are presented below.

An analysis of the bacterial community profiles in 31 northwestern Pennsylvania headwater stream
ecosystems showed that HVHF activity altered the composition of species found in the sediment.
Streams near HVHF activity had significantly higher numbers of methane-metabolizing and methane-
producing microorganisms, which are tolerant to acidic conditions (Ulrich et al, 2018). As noted
previously, microcosm studies showed that biocides used in HVHF can result in aquatic microbial
community changes that can affect degradation dynamics and prolong stream impacts.

Laboratory studies of the toxicity of HVHF fluids and wastewater to aquatic life: One relatively early
study evaluated the toxicity of HVHF produced water to mayflies. Mayflies are known to be relatively
sensitive to changes in water quality and play an important role in the EPT Index that is commonly
used to assess water quality by the relative abundance of stream insects that have low tolerance to
water pollution (Lenatand Penrose, 1996). Although mayflies represent an important and vulnerable
group of organisms inhabiting streams and rivers, they are not generally included in standard toxicity
tests of effluents and receiving waters (Sweeney, et al. 1993). Mayfly species have been shown to
have potential as appropriate species for use in toxicity testing in ambient waters of the Delaware
River Basin (MacGillivray, 2013). HVHF produced waters were found to be toxic to mayflies even
when diluted by a factor of as much as 100. Produced water entering a small stream, therefore, could
cause mayflies to die or otherwise show signs of stress, which could result in measurable changes in
stream invertebrates and fish (Stroud Water Research Center, 2013).

Laboratory studies have been conducted on the effects of exposure to diluted HVHF produced water
on the survival, reproduction, and behavior of water fleas (Daphnia magna). Water fleas are small
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crustaceans that are an important food source for fish and other aquatic organisms and are sensitive
to changes in water chemistry. A 2017 study examined the effects of acute and chronic exposures to
produced water on water fleas. Neonate water fleas exhibited a lethal concentration (“LC”) value of
50 percent (“LC50”) with exposure to 0.19 percent of full-strength produced water, meaning that 50
percent of the neonate fleas died, while adult fleas displayed an LC50 value with exposure to 0.75
percent produced water. A 21-day chronic exposure to 0.04 percent produced water resulted in a
decline in water flea reproduction of 71 percent. Results of a 2018 behavioral study also showed that
water fleas exposed to HVHF produced water can become immobilized at the water surface and un-
able to return to the water column. Stranding at the water surface prevents the animals from feeding
and impairs their capacity to shed their carapace, impeding reproduction (Blewett et al, 2018). A
2019 study showed that exposure also impaired the ability of water fleas to orient toward light, a
response that allows them to avoid predation and find food. These results indicate that exposure to
dilute produced waters can induce perturbations in the behavior of aquatic invertebrates, an effect
that may influence processes such as feeding and predation rates (Delompré et al,, 2019a).

A 2017 laboratory study on sublethal effects of exposure to dilute produced water on zebrafish
(Danio rerio) showed decreased swim performance and a decrease in active metabolic rate and aer-
obic scope. Results support the theory that the cardio-respiratory system is impacted by produced
water exposure (Folkerts et al, 2017a). Results of a study on the effects of produced water exposure
on zebrafish embryos support a hypothesis that organics are major contributors to cardiac and res-
piratory responses (Folkerts et al, 2017b). A subsequent study examined the effects of isolated or-
ganic extracts on zebrafish embryos (He et al, 2018a). Samples were collected from two different
gas wells and the organic fractions were isolated from both aqueous and particle phases to eliminate
the confounding effects of high salinity. Zebrafish embryos were exposed to various concentrations
of produced organic extracts to investigate acute (7-day) and developmental toxicity in early life
stages. The acute toxicity lethal dose (LD50) of the extracted produced water fractions ranged from
2.8x to 26x the original organic content of the wastewater. Each extracted wastewater fraction sig-
nificantly increased spinal malformation, pericardial edema, and delayed hatch in exposed embryos
and altered the expression of target genes related to biotransformation, oxidative stress, and endo-
crine-mediation in developing zebrafish embryos.

Rainbow trout exposed to diluted HVHF produced water showed significant adverse effects, includ-
ing oxidative stress, endocrine disruption, and biotransformation (He et al, 2016). In a field study of
fish exposed to waters of Acorn Creek, Kentucky one month after the upstream release of HVHF fluids
(described earlier), exposed fish showed signs of stress and a higher incidence of gill lesions than
unexposed reference fish. Gill lesions were consistent with exposure to low pH and toxic concentra-
tions of heavy metals. Gill uptake of aluminum and iron was demonstrated at sites with correspond-
ingly high concentrations of these metals, indicating a persistent impact on aquatic life (Papoulias
and Velasco, 2013). Results of other studies of impacts on trout are presented below, in the response
to Statement of Concern SC-60.

Some studies have been conducted to determine the toxicity of chemical mixtures representing HVHF
fracturing fluids. Studies of the effects of a representative mixture of HVHF chemicals on the immune
system of the laboratory frog genus Xenopus showed a significant toxic effect. The studies provide
strong evidence that at concentrations at or below the levels found in waters near HVHF activity,
developmental exposure to a mixture of HVHF chemicals can induce immune system effects in
Xenopus that persist for a long time after exposure. The results provide unequivocal evidence of long-
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term negative impacts of short-term exposure to HVHF chemicals on immune function and immune
defenses to pathogens. Results of these studies are especially important because, owing to the evolu-
tionary conservation of the immune system across broad classes of organisms, the findings pertain
to all jawed vertebrates, including humans (Robert et al, 2019; Robert et al, 2018). A similar study
of effects of a mixture of 23 HVHF chemicals on the immune system of mice also found toxic effects
and concluded:

These observations suggest that developmental exposure to complex mix-
tures of water contaminants, such as those derived from UOG [unconven-
tional oil and gas] operations, could contribute to immune dysregulation and
disease later in life.

(Boule et al, 2018). In addition to laboratory studies of toxic effects of HVHF fluids and wastewaters
on aquatic life, field studies have documented HVHF impacts to native and introduced aquatic popu-
lations. Aquatic trophic structure and mercury biomagnification dynamics were shown to be affected
by the presence or absence of unconventional well development in the watersheds of twenty-seven
remotely-located streams in the Pennsylvania Marcellus Shale region (Grant et al, 2016). At each
stream, stream physiochemical properties, trophic biodiversity, and structure and mercury levels
were assessed. Delta 15 N (§15N), a measure of the stable isotopes in nitrogen; delta 13 C (§13C) a
measure of the stable isotopes in carbon; and methyl mercury in sampled biota were used to deter-
mine whether changes in methyl mercury biomagnification were related to the HVHF activities
within the streams’ watersheds. Results of the study suggest that HVHF activities have the potential
to alter aquatic biodiversity and methyl mercury concentrations at the base of food webs.

Field studies of impacts of treated oil and gas wastewater to aquatic life: A USFWS/USGS field study
of the effect on freshwater mussels of high-salinity effluent from a plant licensed to treat and dis-
charge conventional oil and gas wastewater (the same area studied by the PADEP in their Aquatic
Biology Investigations described earlier) was conducted in the Allegheny River during 2012 (Pat-
node et al, 2015). Cages containing juvenile northern riffleshell mussels were deployed upstream
and downstream of a brine treatment facility, and within the mixing zone of the point of effluent
discharge. Mussel survival was severely impaired at and downstream of the facility. Native unionid
mussels at upstream, mixing zone, and downstream transects were also surveyed to determine abun-
dance and diversity, which were lower for all transects within the mixing zone and downstream of
the facility compared to upstream transects. The results of this study clearly demonstrate in situ tox-
icity of oil and gas wastewater to juvenile northern riffleshell mussels, a federally endangered spe-
cies, and to the native unionid mussel assemblage located downstream of the discharge.

Both the Upper Delaware Scenic and Recreational River and the Middle Delaware National Wild and
Scenic River are home to populations of dwarf wedgemussel, both a state and federally listed endan-
gered species. The presence and size of dwarf wedgemussel populations (federally endangered) and
the presence of the full complement of freshwater mussels is a major contributing element to the
ecological Outstandingly Remarkable Value (ORV) and makes the upper Delaware River exemplary
at a regional and national scale. As described in a report by the U.S. Fish and Wildlife Service and the
Partnership for the Delaware Estuary,

Based on the limited current distribution of mussels of any species in tribu-
tary streams ... and the patchiness and low mussel abundance within streams
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where they are found, the healthy assemblages that exist in the main stem and
tributaries of the Upper Delaware are particularly valuable and require pro-
tection. ... Once extirpated from a stream or reach, mussels are not able to
recolonize easily, particularly if there is no longer broodstock nearby. ...Most
mussels have a long lifespan (30-100 years) and don't reproduce until at least
8 years old. Therefore, even if conditions permit redistribution via fish hosts,
recolonization and recovery can take decades. . . . Protection of the existing
metapopulation includes ensuring that it does not become further frag-
mented, less able to disperse and exchange genes, and as a result, less resili-
ent.

(Anderson and Kreeger, 2010).

The research described above demonstrating that HVHF activities have the potential to impact a
broad range of aquatic organisms indicates that threatened and endangered aquatic species present
within the Basin would potentially be impacted as well. These threatened and endangered aquatic
species include the endangered Dwarf wedgemussel (Alasmidonta heterodon), Shortnose sturgeon
(Acipenser brevirostrum), and Atlantic sturgeon (Acipenser oxyrhynchus oxyrhynchus), and the fol-
lowing threatened freshwater mussels: Brook floater (Alasmidonta varicose), Green floater
(Lasmigona subviridis), and Rayed bean (Villosa fabalis).

In conclusion, results of scientific research provide strong evidence that HVHF activities can result
in, and have resulted in, substantial and persistent adverse impacts to surface waters and aquatic life,
including threatened and endangered species that are vital to the ecological value of the Basin. The
prohibition on HVHF in the Basin is needed to avoid impairing the water uses protected by the Com-
mission’s Water Quality Regulations, Water Code and Comprehensive Plan and to conserve water
resources and aquatic life.

STATEMENT OF CONCERN (SC-60)

Many commenters expressed concern that spills and illegal dumping of HVHF wastewater, water
withdrawals to support HVHF wells, and the associated impacts of these activities on water quality,
streamflows, and stream water temperatures could adversely affect trout and other fisheries in the
Basin.

Another commenter asserted that there has been no known impact to trout fishing by removing wa-
ter for gas drilling.

RESPONSE (R-60)

Brook trout have already been adversely impacted across much of their native range, primarily be-
cause of hydrological, physical, and chemical stresses from anthropogenic land and water alterations
(Weltman-Fahs and Taylor, 2013). These alterations have resulted in habitat reduction and fragmen-
tation, water quality and temperature changes, and modification of the biological environment
through the introduction of other species (Weltman-Fahs and Walter, 2013). Several studies cite the
potential for new, increased or accelerated impacts on trout and other cold water fisheries caused by
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HVHF activities resulting in pollution, water withdrawals, and landscape alterations that in turn af-
fect water quality, water temperature, and instream flows.

The Pennsylvania Department of Conservation and Natural Resources (DCNR) has reported that
stressors on brook trout from unconventional gas development include contaminated fluid spills, im-
proper erosion and sedimentation control, habitat fragmentation, increased impervious surface area,
stream crossings, water withdrawals, and ground water contamination (PA DCNR, 2016). Labora-
tory tests of the short-term toxicity of HVHF produced waters on rainbow trout indicate significant
adverse effects, including oxidative stress, endocrine disruption, and biotransformation. Organic
compounds might play a major role in toxicity (He et al, 2016). A 2019 study of 28-day exposure to
dilute (3 percent) flowback and produced water (collected from a single gas well by the well opera-
tor) did not find toxicity or ionoregulatory effects in trout (Delompré et al, 2019b). However, as
noted previously, the chemical composition of produced waters is highly variable both spatially and
temporally (U.S. EPA, 2018b), and this variability could be a factor in the outcome of studies that use
flowback and/or produced waters collected from individual wells at specific times following stimu-
lation.

A 2017 study of fish assemblages, brook trout abundance, and stream pH in streams with and without
nearby hydraulic fracturing activity suggest that hydraulic fracturing in Pennsylvania has the poten-
tial to affect stream pH, fish assemblages, and wild brook trout abundance (Grant et al, 2017). A
2019 study of a cluster of first-order headwater streams in Pennsylvania found evidence of a direct
link between brook trout health, macroinvertebrate distribution, and HVHF activity (Weltman-Fahs,
2019).

Many aquatic species including fish develop a protective mucus on the epidermis that acts as a first
line of defense against a wide array of environmental contaminants, pathogens, parasites, and pred-
ators. The mucus can also aid in buoyancy, swimming, communication and feeding. Bacteria inhabit
this protective microenvironment and can provide further protections to the fish against opportun-
istic bacterial pathogens. A 2018 study assessed the effects of hydraulic fracturing waste on the epi-
dermal bacterial community of brook trout (Salvelinus fontinalis). Results of the study suggest that
exposure to low levels of hydraulic fracturing waste influences bacterial colonization and may lead
to a disruption that favors bacterial populations associated with fish disease (Galbraith et al, 2018).

A large-scale assessment of HVHF activity on brook trout was conducted in the Upper Susquehanna
River Watershed BY West Virginia University, Loyola University, Susquehanna University, and the
U.S. Geological Survey (Merriam et al, 2018). A statistical analysis—a boosted regression tree (BRT)
analysis with a predictive capability rated as ‘excellent’--was used to predict the occurrence proba-
bility of brook trout as a function of natural and anthropogenic landscape and climate factors, includ-
ing HVHF activity, in over 25,000 stream segments. The model was also used to predict the response
of brook trout occurrence probability to the buildout of 934 undeveloped of unconventional natural
gas permits. The relative influence of HVHF activity in the model was small (0.7 percent); the domi-
nant predictors accounting for most of the relative influence were seven natural features (total of 72
percent); and non-HVHF anthropogenic features (agriculture—20.9 percent; Developed land—5.6
percent). Results showed that HVHF activity impacted 11 percent (n=2784) of stream segments and
resulted in the loss of predicted brook trout occurrence in 126 of these stream segments. Simulated
development of permitted but undeveloped wells resulted in a loss of predicted brook trout occur-
rence in 27 additional stream segments. The occurrence losses occurred in streams that also were
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characterized by non-HVHF stress and/or natural habitat quality that were close to critical threshold
values. This result indicates that even in circumstances where HVHF activities are only a relatively
small contributor to the stress on brook trout, they may play a critical role in causing impairment
when combined with non-HVHF stressors.

The above-described studies and report indicate that HVHF activities have the potential to adversely
affect, and have adversely affected trout health. The proposed regulations are intended to prevent
such impacts as a result of HVHF activities in the Delaware River Basin.

STATEMENT OF CONCERN (SC-61)

Portions of the DRB are sanctuary to rare and endemic species of plants and animals and home to the
highest concentration of rare, threatened, and endangered species in Pennsylvania. Many of these
plants and animals are extremely vulnerable to changes in habitat, stream flows, water chemistry,
temperature, and turbidity that could result from the varied effects of unconventional natural gas
development. Changes to stream water quality have been shown to occur where gas drilling and re-
lated activities are located.

RESPONSE (R-61)

The Commission acknowledges that HVHF activities could alter aquatic habitat characteristics, in-
cluding among others, in-stream flow and water quality. A 2015 study was conducted to determine
the sensitivity of HUC12 catchments to negative effects due to HVHF-related surface disturbance or
water use. Results indicate that the DRB portion of the Marcellus region is predicted to be generally
less sensitive to this type of stressor exposure than HUC12 catchments in other shale-gas regions
across the nation (Entrekin et al, 2015, Fig. 3). However, impacts to surface water and aquatic life
from HVHF activities in the Marcellus region have already been documented, as described above and
elsewhere in this document. The regulations are intended to prevent any adverse impacts to water
resources and aquatic habitats in the Delaware River Basin by activities associated with high volume
hydraulic fracturing.

STATEMENT OF CONCERN (SC-62)

DRBC should continue its efforts to develop ecological flows to protect aquatic resources.

RESPONSE (R-62)

DRBC intends to continue its review of ecological flows in Basin waterways to assure sufficient flow
is provided under varying hydrologic conditions and a variety of temporal and spatial water de-
mands.

STATEMENT OF CONCERN (SC-63)

Inadequate regulation of stormwater from well sites, leading to polluted runoff, erosion and sedi-
mentation from these sites causes adverse impacts to water quality, the rate and volume of water
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flow, stream morphology, riparian buffers and vegetation, the loss of groundwater infiltration and
recharge of aquifers, and the reduction of healthy base flow of streams.

RESPONSE (R-63)

The Commission acknowledges the various potential impacts of stormwater runoff from well sites.
Within the Pennsylvania portion of the Basin, stormwater runoff, including runoff related to hydrau-
lic fracturing activities if undertaken, would currently be regulated by the Pennsylvania Department
of Environmental Protection (PADEP), implementing the National Pollutant Discharge Elimination
System (NPDES) permit program under the federal Clean Water Act and the Pennsylvania Clean
Streams Law. The Erosion and Sediment Pollution Control Program Manual developed by the Penn-
sylvania Department of Environmental Protection informs those engaged in earth disturbance activ-
ities of the elements of an Erosion and Sediment Control (E&S) Plan required to comply with state
regulations found at 25 Pa. Code Chapter 102 (PADEP, 2012). Although DRBC imposes stormwater
management requirements through its regulations protecting Special Protection Waters and its rules
requiring the development and implementation of pollutant minimization plans for PCBs, the Com-
mission has not developed detailed regulations for the management of stormwater. The regulations
are intended to prevent adverse impacts to water resources and aquatic habitats in the Delaware
River Basin by activities associated with high volume hydraulic fracturing.

IMPACTS TO SURFACE WATERS AND AQUATIC LIFE - SUMMARY

The Commission’s responses to the numerous comments it received on potential impacts to surface
water and aquatic life, based on the staff’s careful evaluation of a decade of scientific data and litera-
ture on this subject, are summarized below:

e Risks to surface waters and aquatic life from high volume hydraulic fracturing and related
activities include releases of chemicals and highly contaminated fluids from spills and acci-
dents, failure of well integrity, inadequate wastewater treatment, improper wastewater dis-
posal, transport and discharge of pollutants with stormwater, and stream depletion from wa-
ter acquisition.

e Alarge body of compelling scientific research has shown that high volume hydraulic fractur-
ing and related activities can result in, and have resulted in, substantial and persistent ad-
verse impacts to surface waters and aquatic life.

e Results of extensive studies of centralized wastewater treatment facilities that treated HVHF
wastewater in the past demonstrate that even treated wastewater from HVHF activities can
adversely impact and has adversely impacted surface waters and aquatic life. As a result of
these impacts, the PADEP in 2011 asked operators to stop discharging shale produced water
to wastewater treatment plants that were exempt from the 2010 TDS regulation.

o Effluent from CWT facilities treating HVHF wastewater can result in and has resulted in per-
sistent sediment contamination many miles downstream of the discharge location.
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Impacts of effluent from CWT facilities treating HVHF wastewater on river sediments and
biota can be persistent, and even discharges of short duration may leave a long legacy.

As the number of producing HVHF wells increases, the demand for CWT services to treat and
discharge HVHF wastewater to streams will likely increase. If HVHF were allowed in the Ba-
sin, demand for new CWT services in the Basin to treat the wastewater generated by HVHF
in the Basin would likely arise.

The adverse effects of the discharge of treated HVHF produced water on water resources at
locations outside the Delaware River Basin support the conclusion that planned and/or acci-
dental discharges of untreated HVHF produced water with high concentrations of pollutants
would likewise harm water resources within the Delaware River Basin.

Activities at a deep well disposal facility used to dispose HVHF wastewater impacted a nearby
stream and altered the biogeochemistry of nearby ecosystems.

Numerous spill and construction incidents that occurred during various stages of HVHF ac-
tivities have resulted in adverse impacts to surface water and/or aquatic life.

Model analysis of the effects of water acquisition for HVHF activities on stream flows and
water quality showed that potential effects are slight, and that SRBC’s regulations were effec-
tive in reducing HVHF impacts on streamflow in the SRB.

Results of SRBC’s 2016 and 2019 monitoring reports have been largely misreported as
demonstrating no impact on surface water quality as a result of hydraulic fracturing. SRBC
itself and other authoritative sources, including the U.S. Geological Survey, have described
the results of SRBC’s reports as inconclusive with respect to any hydraulic fracturing impacts.

Although the toxicity of many chemicals used in HVHF activities is unknown, several studies
(many of which were published in 2017 or later) have documented a variety of adverse ef-
fects on biota, including aquatic bacteria, insects, fish, and amphibians, of constituents in
HVHF produced waters.

HVHF produced waters were found to be toxic to mayflies even when diluted by a factor of as
much as 100.

Exposure to dilute flowback and produced waters can induce perturbations in the behavior
of aquatic invertebrates, an effect that may influence vital processes such as feeding and pre-
dation rates and reproduction.

Highly dilute HVHF production water caused significant adverse effects, including oxidative
stress, endocrine disruption, and biotransformation in trout and equally serious effects on
other fish species.

Developmental exposure to complex mixtures of water contaminants, such as those derived

from unconventional oil and gas operations, could contribute to immune dysregulation and
disease later in life - for frogs, mice and other animals, including humans.
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o HVHF activities have the potential to alter aquatic biodiversity and methyl mercury concen-
trations at the base of food webs.

e The Commission agrees with and relies on the EPA’s understanding and interpretation of the
peer-reviewed scientific research published through 2016; the EPA’s conclusions that hy-
draulic fracturing activities can impact water resources under some circumstances; and
EPA’s finding that these impacts can range in frequency and severity, depending on the com-
bination of hydraulic fracturing water cycle activities and local- or regional-scale factors.

o After EPA issued its final report on Impacts from the Hydraulic Fracturing Water Cycle on
Drinking Water Resources in the United States in 2016, additional published scientific re-
search has reinforced EPA’s conclusions and provided additional compelling evidence that
HVHF may be accompanied by adverse impacts on water resources.

The Commission has determined that if HVHF were permitted and commercially recoverable gas
were present in the Delaware River Basin, HVHF would be performed at dozens or hundreds of well
pad sites in the Basin, primarily: in rural areas dependent upon groundwater resources, in sensitive
headwater areas considered to have high water resource values, in areas draining to DRBC Special
Protection Waters, and in a region characterized by extensive geologic faults and fractures that could
become pathways for migration. Adverse impacts to surface waters and aquatic life would inevitably
occur, as the result of planned or accidental discharges of harmful pollutants, including salts, metals,
radioactive materials, organic compounds, endocrine-disrupting and toxic chemicals, and chemicals
for which toxicity has not been determined.

A decade of experience in other regions has shown that regulation is not capable of preventing ad-
verse effects or injury to water resources from HVHF-related spills, and releases of chemicals and
hydraulic fracturing wastewater. Accordingly, the Commission has determined that controlling fu-
ture pollution by prohibiting high volume hydraulic fracturing in the Basin is required to effectuate
the Commission’s Comprehensive Plan, avoid injury to the waters of the Basin as contemplated by
the Comprehensive Plan, and protect the public health and preserve the waters of the Basin for uses
in accordance with the Comprehensive Plan.

2.3.3.3 Groundwater

Groundwater resources include present and future subsurface sources of drinking water that are
withdrawn through supply wells and also groundwater that flows into surface water and supports
streamflows, lakes, wetlands, and their associated aquatic habitats. Prior Section 2.3.3.1 responds to
comments on impacts to drinking water resources. This section responds to comments on the
broader issue of impacts to groundwater. Many commenters expressed views about impacts of high
volume hydraulic fracturing activities on groundwater. Some expressed concern that hydraulic frac-
turing and related activities would result in pollution of groundwater resources or excessive draw-
down of aquifers. Other commenters maintained that hydraulic fracturing can and has been per-
formed safely, and that concerns about potential impacts to groundwater are overblown.
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STATEMENT OF CONCERN (SC-64)

Representative examples of comments generally supporting Section 440.3 of the rule and opposing
hydraulic fracturing in the Delaware River Basin are paraphrased below:

O

Sections 2.20.2 and 2.20.3 of the Water Code authorize and require the DRBC to preserve and
protect underground water-bearing formations, and to safeguard the public interest from
projects that withdraw underground waters.

Contamination of groundwater aquifers by hydraulic fracturing occurs underground and in-
volves at least three different substances - natural gas, formation brine, and hydraulic frac-
turing fluid. The contaminants can follow natural fractures and faults in the subsurface rock
formations or can travel from a poorly constructed gas well and/or through abandoned wells.

Formation brine naturally flows through faults and fractures from the Marcellus or other
deep Appalachian basins to shallow groundwater based on geochemical and isotopic evi-
dence. These connections could allow more rapid brine flow or portend the flow of hydraulic
fracturing fluid to shallow groundwater due to increased pressure or enhanced connections
due to hydraulic fracturing (Llewellyn, 2014; Warner et al,, 2012b).

Hydraulic fracturing pollutes groundwater, destroying the quality of aquifers for generations
to come. The chemicals in hydraulic fracturing fluids will migrate to drinking water aquifers
and to the surface - it is not a question of “if,” but “when.”

Representative comments opposing Section 440.3 of the rule and supporting hydraulic fracturing in
the Delaware River Basin are paraphrased below:

@)

DRBC's proposal to prohibit HVHF operations in the Delaware River Basin is an extreme over-
reaction based upon either a misunderstanding or a misinterpretation of the most current
and accurate information about the level of risk to surface water and groundwater sources
from HVHF operations.

The science and data clearly demonstrate that hydraulic fracturing can be and has been done
safely and responsibly.

The potential risks to the environment posed by unconventional gas development are con-
trollable and negligible and are offset by considerable potential benefits.

Our nation's public policies - at all levels of government - must be based on evidence, science,
and necessity. A vocal minority of activists should not be able to block nationally vital energy
development because of their own false fears. The evidence is clear that hydraulic fracturing
is safe and effective.

RESPONSE (R-64)

DRBC aims through development and implementation of policies and practices informed by science
to fulfill its responsibilities under the Delaware River Basin Compact for management of the Basin’s
water resources - both above and below the ground. The Commission appreciates the support ex-
pressed by many commenters for the regulations as an appropriate way to meet this responsibility.
Although we also recognize and appreciate industry’s efforts to develop unconventional gas
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resources safely, based on the evidence set forth below, we disagree that the regulations are an over-
reaction. To the contrary, the most current and reliable information available highlights the serious
risks, vulnerabilities and impacts to water resources posed by high volume hydraulic fracturing.

The Commission’s regulations, plans and policies have been developed and implemented over the
course of nearly six decades to underpin and implement a comprehensive water resource manage-
ment program or “Comprehensive Plan.” See Compact §§ 3.2(a) and 13.1. The Commission’s Compre-
hensive Plan and Water Code constituting part of the Comprehensive Plan provide, “The under-
ground water-bearing formations of the Basin, their waters, storage capacity, recharge areas, and
ability to convey water shall be preserved and protected.” (Water Code § 2.20.2). These instruments
further provide, “Projects that withdraw underground waters shall be planned and operated in such
manner as will reasonably safeguard the present and future public interest in the affected water re-
sources” (Water Code § 2.20.3) and that the quality of the Basin’s groundwater shall be maintained
in a safe and satisfactory condition for uses that include public water supplies, except where such
uses are precluded by natural quality.

Although the long-term impacts of the shale gas industry on groundwater are not yet fully under-
stood, the scientific evidence to date, as set forth in detail below and in other sections in this docu-
ment, makes clear that in those regions outside the Basin where high volume hydraulic fracturing
has been intensively used to extract oil and gas from shale, this practice and the activities that accom-
pany it have resulted in adverse impacts to groundwater that, were they to occur within the Basin,
would substantially impair the effectuation of the Commission’s Comprehensive Plan.

The potential for HVHF to adversely impact the quality of groundwater resources in the Basin due to
the migration of gas and/or fluids is a technically complex topic and the subject of many investiga-
tions and research activities. Numerous scientific papers and reports document evidence of the pres-
ence of gas and/or suspected hydraulic fracturing fluids or produced water in groundwater in differ-
ent settings and circumstances. Other studies find no or little evidence of migration of gas or fluids
in other settings. Comprehensive and authoritative reports that synthesize much of this information
include the U.S. Environmental Protection Agency’s (“EPA”) 2016 final report on impacts from the
hydraulic fracturing water cycle on drinking water resources in the United States (U.S. EPA, 2016a),
and the New York State Department of Environmental Conservation’s (“NYSDEC”) 2015 Final Sup-
plemental Generic Environmental Impact Statement on [New York’s] Oil, Gas and Solution Mining
Regulatory Program (NYSDEC, 2015a). The former found that hydraulic fracturing activities can im-
pact water resources under some circumstances, and that these impacts can range in frequency and
severity, depending on the combination of hydraulic fracturing water cycle activities and local- or
regional-scale factors (U.S. EPA, 20164, p. ES-3). The latter found that the adverse environmental
impacts that could result from high volume hydraulic fracturing may have adverse public health out-
comes, including drinking water impacts from underground migration of methane and/or fracturing
fluid chemicals associated with faulty well construction or seismic activity (NYSDEC, 2015b, p.25).
The Commission agrees with and relies on these conclusions and finds that they are reinforced by
additional peer-reviewed research published since the EPA and NYSDEC reports were issued.

The Commission agrees with the view that gas, hydraulic fracturing fluids, and formation brine can
migrate to the surface through natural geologic faults and fractures, or through abandoned wells or
poorly constructed natural gas wells, or via a combination of both. The Commission notes that there
are likely few abandoned wells in the Delaware River Basin at present, and the PADEP adopted
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regulations in 2016 to address communication with offset wells, including abandoned wells. Based
on the published literature to date, the Commission finds that gas and other fluids are more likely to
migrate through poorly constructed or abandoned gas wells than solely through natural faults and
fractures, and gas is more likely than liquid to migrate in this manner and to adversely affect ground-
water resources. Faulty well integrity has plagued the oil and gas industry for decades and is espe-
cially problematic for HVHF wells, as discussed in detail in Section 2.3.2.3 (Pollution from Fluid Mi-
gration). Pennsylvania upgraded its casing and cementing/well construction and operation regula-
tions in 2011 to include provisions establishing well integrity review, remediation and reporting re-
quirements (see Appendix-4). DRBC further finds that the probability of fluid migration is low in “typ-
ical” unglaciated, tectonically tranquil shale-gas settings where the target formation is deep, flat-ly-
ing, and characterized by low permeability, and in which gas wells are constructed and maintained
properly. However, the weight of the evidence in the Commission’s view also shows that the proba-
bility of fluid migration as a result of HVHF activity may be substantially higher in other settings,
including in northeastern Pennsylvania, where numerous documented incidents of impacts on
groundwater have occurred in connection with natural gas extraction. These incidents have occurred
where wells have not been constructed or maintained properly or where the geologic characteristics
present in this region contribute to elevated risk (or both). In northeastern Pennsylvania and in the
New York part of the Basin the rock formations have been extensively folded, faulted, and eroded
through geologic time. As a result, the Marcellus Shale dips upward rapidly and crops out at the
earth’s surface in places near the Delaware River. A consequence of this structural change and the
associated low-grade metamorphism is the presence of rock cleavage, a greater tendency for fractur-
ing and higher permeability, and therefore greater risk for fluid transport to adjacent formations.
Several studies have been conducted using different approaches and in different areas to determine
the presence or absence of geologic features with relatively high permeability that could potentially
provide pathways for subsurface migration of HVHF fluids (including gas) to shallow groundwater.
Results of many studies of the Marcellus region in northeastern Pennsylvania and New York suggest
the possible presence of such features. The technical rationale and references for these conclusions
are presented in Section 2.3.2.3, Pollution from Fluid Migration.

The activities and materials associated with high volume hydraulic fracturing for the extraction of oil
and gas from shale pose a unique set of risks to water resources. These activities and materials can
result, and in documented instances have resulted, in significant impacts to groundwater resources.
Moreover, the long-term impacts on groundwater resources of this relatively young phase of the in-
dustry are not fully understood and may not be fully understood for decades, as indicated by a study
by the U.S. Geological Survey (McMahon et al, 2017). Known risks to groundwater in connection
with HVHF activities, and scientific studies that highlight present knowledge of local and regional
HVHF impacts to groundwater are presented below.

R1SKkS TO GROUNDWATER

Assessing the potential for HVHF impacts to groundwater requires an understanding of all phases of
HVHF and supporting activities and an understanding of the hydrologic linkage between surface wa-
ter and groundwater. The EPA’s 2016 report describes in detail the five stages of the “hydraulic frac-
turing water cycle,” consisting of: water acquisition, chemical mixing, well injection, produced water
handling, and wastewater disposal and reuse (U.S. EPA, 20164, p. ES-9). The section of the report on
well injection includes a discussion of well construction, including the importance of mechanical in-
tegrity, and the implications of the loss of mechanical integrity as wells age.
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As noted previously in the section on surface water impacts, the interaction between surface water
and ground water is an important process that factors into the risks of HVHF activities to groundwa-
ter and surface water and is considered in studies of HVHF impacts. The interaction takes place two
ways in the Basin; in most areas and under most conditions, streams gain water from the inflow of
groundwater through the streambed; in other areas and/or under other conditions, streams lose flow
to groundwater. Some streams do both, gaining flow in some reaches, and losing flow in other
reaches. Streams can also gain flow under some conditions (such as low-flow conditions) and lose
flow under other conditions (such as during flood events). As water flows between groundwater and
surface water, contaminants can move with it. Contaminants in groundwater can be transported into
adjacent surface water, and contaminants in surface water can be transported into adjacent ground-
water. While surface water transport of contaminants is relatively rapid, the transport of contami-
nants through groundwater is usually very slow.

Risks to water resources at each stage of the hydraulic fracturing water cycle were identified by the
EPA, and risks specific to groundwater are noted in Table 9, adapted from the EPA report:

Potential Contaminant Transport

Stage of Hydraulic Fractur-
ing

Risks to Groundwater

Pathways

Water acquisition

e Excessive aquifer drawdown

N/A

Chemical mixing

e Spills, leaks, and other releases

e infiltration and subsurface migra-
tion

e Combinations of surface flow and
subsurface flow

Well injection

(includes activities associ-
ated with well construction,
stimulation, production,
and post-production)

e Migration of drilling fluids during
construction

e Migration of gas and/or fluids from
target formation to aquifers or
streams

e Migration of gas from non-target
formations to aquifers or streams

e Spills, leaks, other releases of fluids
(Blowouts, other equipment fail-
ures, transport failures, interwell-
bore communications)

e Subsurface flow

e Combinations of surface flow and
subsurface flow

Produced water handling

e Spills, leaks, and other releases

e infiltration and subsurface migra-
tion

e Combinations of surface flow and
subsurface flow

Wastewater disposal and
reuse

® Improper storage, treatment, or
disposal

e Reuse for roadway de-icing or dust
control

e Infiltration and subsurface migra-
tion

Table 9: Risks to Groundwater at Each Stage of the Hydraulic Fracturing Water Cycle

210



The risks noted in the table are described in greater detail below, as are potential and documented
impacts to groundwater that have been described in the scientific literature and agency reports.

WATER AcQUISITION - Each HVHF event utilizes millions of gallons of freshwater, and the majority of
water used is permanently removed from the hydrologic cycle. Based upon a review of data for ac-
tivity in Pennsylvania, the Commission agrees that the volume of freshwater used in each hydraulic
fracturing event is increasing (Kondash et al, 2018). In Pennsylvania, the average amount of water
used per event has increased from 7.46 million gallons to 16.04 million gallons as documented in an
analysis of FracFocus Data for 2013-17 by ALL Consulting, LLC (ALL Consulting, 2018). In the Sus-
quehanna River Basin of Pennsylvania during 2008-2013, about 16 percent of injected water came
from reused HVHF wastewater (U.S. EPA, 20164, p. 4-7). The EPA conducted a study of the impacts
of HVHF water acquisition on water availability (U.S. EPA, 2015a). The study included a detailed
analysis of these impacts from development of the Marcellus Shale in the Susquehanna River Basin.
Based on groundwater flow modeling of the 215-square-mile Towanda Creek Watershed, annual ag-
uifer recharge was equivalent to between three and six percent of the volume of freshwater in the
groundwater reservoir. The annual withdrawals for all uses, including HVHF activities) was esti-
mated to equal between 1.1 and 1.7 percent of annual recharge. From this result, the study concluded
that the potential for hydraulic fracturing impact on groundwater availability at the watershed scale
of 215 square miles appears to be small. The study also examined the potential for local impact due
to well drawdown at a representative public water supply in Bradford County and a private wellfield
in Wyoming County. The study found no observed or reported local impacts from hydraulic fractur-
ing water acquisition. Other conclusions of the study are described in Section 2.3.3.2 Surface Waters
and Aquatic Life of this document. Responses to other comments regarding water use for hydraulic
fracturing are presented in Section 2.3.3.1 Water Use.

CHEMICAL MIXING - The chemical mixing stage includes the mixing of base fluid, proppant, and addi-
tives on the well pad to produce the fluid used for hydraulic fracturing. This fluid is engineered to
create and extend fractures in the targeted formation and to carry proppant into the fractures. Con-
centrated additives, often including biocides, are delivered to the well pad and stored on site, often
in multiple, closed containers, and moved around the well pad in hoses and tubing (U.S. EPA, 201643,
p. ES-22). Many chemicals from hydraulic fracturing activity are known to be hazardous, meaning
that they are carcinogenic, endocrine disrupting, produce adverse immune or nervous system effects,
and/or are toxic to reproductive and developmental systems. However, not all of the chemicals and
additives used in hydraulic fracturing have been identified, and toxicity values have been established
for only a subset of the identified substances (U.S. EPA, 20164, p. ES-43). Depending on the concen-
trations and synergistic effects of chemicals during exposure, based on the known properties of sub-
stances used and generated by hydraulic fracturing, their potential human health effects include tox-
icity to multiple human organs, sensitization, irritation, developmental effects, and tumor promotion
(Kassotis et al., 2018).

Another potential risk associated with some HVHF chemicals is the potential for relatively rapid mi-
gration in groundwater as a consequence of low rates of sorption to soils. Sorption is often the most
important process controlling the subsurface behavior of contaminants, and contaminants with low
sorption can be transported rapidly. Factors influencing sorption include water solubility, po-
lar/ionic character, octanol/water partition coefficient, acid/base chemistry, and oxidation/reduc-
tion chemistry (Piwoni and Keeley, 1990). Samples of HVHF wastewater from the Duvernay
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Formation in Alberta, Canada, were found to contain a previously unidentified class of aryl phos-
phates, including diphenyl phosphate (DPP), triphenyl phosphate (TPP), and others. The sorption of
DPP onto both clay-rich soils and sandy sediment was measured and found to be low compared to
that of other aryl phosphates. If released to the surface or subsurface, the transport of DPP to ground-
water would be rapid due to its low degree of sorption on surficial materials. (Low sorption is one of
the reasons why the compound MTBE was phased out as a fuel additive in the United States.) Toxi-
cological studies by the Canadian research team and others showed toxic effects on zebrafish em-
bryos and chicken embryo tissue from low-level exposures to DPP. The researchers inferred from
these results that DPP may pose an environmental risk to aquatic ecosystems if released into the
environment (Funk et al, 2019). Many hydraulic fracturing chemicals share this type of risk as a
result of low sorption. According to the EPA:

... many chemicals [used in hydraulic fracturing] have high solubilities and
negative or almost zero log Kow [octanol/water partition coefficients] (e.g.
methanol, isopropanol, ethylene glycol). These chemicals are likely to travel
quickly through the environment and could result in an immediate impact.

(U.S. EPA, 20164, p. 5-56). Risks to groundwater during the chemical mixing stage include spills,
leaks, explosions and other fluid releases that can result in the infiltration of contaminants and sub-
surface transport to aquifers. The Commission acknowledges that the industry has developed
measures that, if implemented properly, can reduce the potential for fluid releases. These measures
include zero-discharge and controlled-collection well pad containments. Despite their deployment,
however, impacts on groundwater or surface water due to overflows, liner breaches, tank corrosion
and leakage, casing, hose, or pipeline ruptures, fires, and other construction and equipment issues
have been documented (see, e.g, Frazier, 2017a; PADEP, 2017c; PADEP, 2016b; PADEP, 2016c;
PADEP, 2016d; U.S. EPA, 20164, p. 8-43; PADEP, 2014b; PADEP, 2014c; U.S. EPA, 2014; Williamsport
Sun-Gazette, 2014; Considine et al, 2012; Detrow, 2012; MDN, 2012; Gilliland, 2011; Legere, 2011).
Despite improved construction standards, impacts to groundwater or surface water continue to oc-
cur due to overflows, liner breaches, and construction issues. Some examples of spill incidents that
resulted in impacts to groundwater are presented below. Responses to additional comments about
chemicals used in hydraulic fracturing and spills are presented in Section, 2.3.2.2, Pollution from
Spills.

WELL INJECTION - The well injection stage involves the injection of hydraulic fracturing fluids
through the production well and their movement in the production zone. This stage also includes
activities at the well site before and after injection, including well construction, production, and post-
production. During the process of well injection, the fluid mixtures described above are pumped into
the well at high pressure. The pressure is increased until it exceeds the formation strength and frac-
tures the rock. Improper well construction or equipment failure during fracturing operations can
result in the release and/or migration of HVHF fluids, gas, and formation waters.

The subsurface migration of gas and/or fluids requires a pathway, induced or natural, with high
enough permeability and a hydraulic gradient to drive the movement at relevant rates. EPA describes
the categories of potential subsurface migration pathways of HVHF gas, fluids, and formation waters
as follows:

e Migration out of the production zone through pore space in the rock;
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e Migration due to fracture overgrowth out of the production zone;
e Migration via fractures intersecting offset wells or other artificial structures; and

e Migration via fractures intersecting other geologic features, such as permeable faults or pre-
existing natural fractures (U.S. EPA, 20163, p.6-44).

Migration through these four potential pathways may act in combination with each other and/or in
combination with migration through pathways along the wellbore to affect groundwater. Some ex-
amples where the release of fluids or gas during well injection or during other HVHF-related activi-
ties resulted in impacts to groundwater are presented below. Technical details about these examples
and fluid migration in general are provided in Section 2.3.2.3, Pollution from Fluid Migration.

PRODUCED WATER HANDLING - Produced water is a waste generated during shale gas production that
flows to the surface through the production well along with gas. Operators must store, treat, and/or
dispose of large amounts of produced water, either on site or off site. Produced water from hydraulic
fracturing activities has been found to contain:

e Salts, including those composed from chloride, bromide, sulfate, sodium, magnesium, and cal-
cium;

e Metals, including barium, manganese, iron, and strontium;

e Naturally-occurring organic compounds, including benzene, toluene, ethylbenzene, xylenes
(collectively, “BTEX"), and oil and grease;

e Radioactive materials, including radium; and

e Hydraulic fracturing chemicals and their chemical transformation products (U.S. EPA, 201643,
p.7-1).

Risks to groundwater during produced water handling include spills, leaks, explosions and other fluid
releases that can result in the infiltration of contaminants and subsurface transport to aquifers. Re-
sponses to comments on spills during produced water handling are presented in Section 2.3.2.2, Pol-
lution from Spills.

WASTEWATER DISPOSAL AND REUSE - This final stage of the hydraulic fracturing water cycle consists
of the management of wastewater, including disposal, recycling and reuse in hydraulic fracturing op-
erations, and other reuses. Until 2011, much of the produced water generated by HVHF in Pennsyl-
vania was treated inadequately at publicly owner treatment works (“POTWSs”) and discharged to sur-
face water (U.S. EPA, 20164, pp. 8-19 - 8-20). Following the discontinuation of this practice, other
means of disposing of HVHF wastewater were needed. Currently, most of the HVHF wastewater pro-
duced in Pennsylvania is either reused to hydraulically fracture other wells or is transported for dis-
posal through deep well injection, primarily in Ohio and West Virginia, but also within Pennsylvania.

The spreading of oil and gas wastewaters on roadways for deicing or dust suppression is another
means by which HVHF activity could impact groundwater resources. From July 2009 to June 2010,
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about 13,000 gallons of Marcellus Shale hydraulic fracturing wastewater was reportedly spread on
roads in Pennsylvania (Rozell and Reaven, 2011). Road spreading of brine from unconventional wells
is explicitly forbidden by Pennsylvania’s regulations. See, 25 Pa.Code §§ 78a.70 and 78a.70a. A 2018
study led by Penn State University found that oil and gas wastewaters spread on roads in the north-
eastern U.S. have salt, radioactivity, and organic contaminant concentrations often many times above
drinking water standards (Tasker et al, 2018). The study also found that in Pennsylvania from 2008
to 2014, spreading oil and gas wastewater on roads released over 4 times more radium to the envi-
ronment (320 millicuries) than oil and gas wastewater treatment discharges and 200 times more
radium than spill events. Lab experiments demonstrated that nearly all of the metals from these
wastewaters leach from roads after rain events, likely reaching ground and surface water. Additional
detail about roadway spreading is presented in Section 2.7.7 (Application of Hydraulic Fracturing
Produced Water/Wastewater).

DOCUMENTING IMPACTS TO GROUNDWATER

Documenting the occurrence of groundwater pollution from HVHF activities can be challenging, as
many factors and complexities can come into play. Attributing groundwater pollution to a particular
source and contaminant transport pathway with dispositive evidence can be especially difficult. The
process of attribution may involve some combination of investigative procedures, including potential
source evaluation, environmental sampling, complex laboratory analyses (sometimes involving iso-
topic and noble gas analyses), chemical fingerprinting, analysis of event chronologies, detailed as-
sessment of well construction, geologic and hydrogeologic analysis and interpretation, time series
analyses, geospatial analyses, and consideration of alternative hypotheses. A phased approach for
conducting this type of evaluation in the future was proposed by an international academic team
(McIntosh et al,, 2019). Advanced analytical techniques for source detection using matrix factoriza-
tion are also being explored (Zheng et al, 2019). In the meantime, the scientific method has provided
the critical framework and process for collecting and utilizing information to answer questions me-
thodically and rationally and build scientific consensus in the face of uncertainty. In many cases, the
information available for source or pathway attribution is indirect but may strongly indicate (or rule
out) a source or migration pathway. In evaluating the information available to them, scientists con-
sider the weight of evidence, and conclusions are often expressed in qualitative, probabilistic terms
to convey the level of certainty. Conclusions often use gradations of descriptors such as “likely,”
“highly likely,” “unlikely,” “highly unlikely,” “possibly,” “plausibly,” etc. In evaluating conclusions and
aggregate meaning of many (sometimes conflicting) environmental investigations relating to HVHF,
the Commission likewise considered the weight of the evidence, as well as the reasoning and conclu-
sions of the comprehensive HVHF assessments conducted by EPA (U.S. EPA, 2016a) and the State of
New York (NYSDEC, 2015a).

» «

LOCAL IMPACTS TO GROUNDWATER QUALITY

Impacts to groundwater quality are investigated at different scales. At the local scale, an individual
instance or a cluster of instances of HVHF impact in a relatively small area may be intensively inves-
tigated to determine a likely explanation for the impact. Atthe regional scale, a larger area is consid-
ered, often with the intent of determining if HVHF impacts are widespread, systematic, patterned,
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related to landscape or geologic factors, and/or predictable. Examples of local HVHF impacts to
groundwater quality are described below. Examples of regional impact studies follow.

Groundwater contamination resulting from the migration of HVHF chemicals: Local studies have
demonstrated that HVHF activities can result in, and have resulted in, the migration of HVHF chemi-

cals to groundwater. The blowout spill near Killdeer, North Dakota is an early example of a major
accident thatimpacted groundwater resources. During hydraulic fracturing operations in the Bakken
formation in 2010 near Killdeer, North Dakota, the production, surface, and conductor casing of the
Franchuk 44-20 SWH well ruptured. Despite a shutdown of the pumps, the pressure was sufficient
to cause fluid to move through the ruptured casings and flow to the surface. As a result of the blowout
spill, over 166,000 gal (628,000 L) of fluids and approximately 2,860 tons (2,595 metric tons) of soil
were contaminated and needed to be removed from the site. Subsequent groundwater monitoring
of observation wells constructed near the production well identified brine contamination in the Kill-
deer Aquifer. The composition of the brine contamination was consistent with mixing of Killdeer
Aquifer groundwater with brine from Madison Group formations, which the production well had
penetrated. lon and isotope ratios used for brine fingerprinting suggest that Madison Group for-
mations (which directly overlie the Bakken in the Williston Basin) were the source of the brine ob-
served in the Killdeer Aquifer. The authors concluded that these results provide evidence for out-of-
zone fracturing, which is a common problem in Bakken formation wells. The groundwater monitor-
ing also indicated the presence of tert-butyl alcohol (“TBA”), consistent with degradation of tert-butyl
hydroperoxide, a component of the hydraulic fracturing fluid used in the Franchuk well. Based on the
analysis of potential sources of contamination, the EPA determined that the only potential sources of
TBA were gasoline spills, leaky underground storage tanks, and hydraulic fracturing fluids. The lack
of MTBE and other signature compounds associated with gasoline or fuels strongly suggested that
the rupture (blowout) was the only source consistent with findings of high brine and TBA concentra-
tions in the two wells (U.S. EPA, 201643, p.6-21; U.S. EPA 2015c,, p. 3) The incident and results of this
study provide compelling evidence that the migration of HVHF fluids initiated during the well injec-
tion stage can impact, and have impacted, groundwater resources.

In the area around the Pavillion gas field in Wyoming, a study by Stanford University found that or-
ganic contaminants reached domestic wells due to subsurface migration of the contaminants from
unlined pits used to dispose diesel-fuel based drilling mud and production fluids (DiGiulio and Jack-
son, 2016).

Ten gas wells on five pads in Bradford County, PA were constructed between 2009 and 2010, be-
tween approximately one and 2.25 kilometers (0.6 to 1.4 miles) north of a small valley along the
north branch tributary of Sugar Run in Bradford County, where several private homes used ground-
water for their drinking water. About two months after HVHF activity commenced, some of the pre-
viously potable water supplies became contaminated by gas, a foaming agent, and chemical signa-
tures similar to those of flowback from hydraulic fracturing in the Marcellus Shale in other areas. An
investigation of the source of the contamination of the residential wells used multiple lines of evi-
dence, including: (1) time series analyses of natural gas and organic and inorganic compound con-
centrations; (2) comparisons of natural gas isotopic compositions between gas well annular gas and
groundwater; (3) assessments of gas well construction; (4) chronology of events; (5) hydrogeologic
characterization; and (6) geospatial relationships. The study used a coupled gas chromatog-
raphy/mass spectrometry analytical method that identified similar unresolved complex mixtures of
organic compounds in the affected aquifer and in flowback from other Marcellus Shale gas wells.
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Using results from these six lines of evidence, the researchers concluded that stray gas and drilling
or hydraulic fracturing fluids may have flowed vertically along gas well boreholes and then approx-
imately 1 to 3 kilometers (0.62 to 1.9 miles) along shallow and intermediate depth fractures to the
aquifer supplying water to the impacted domestic water supply wells. Wastewater from a reported
pit leak at the nearest gas well pad may have been a source of the HF fluids. The study provides per-
suasive evidence of fluid migration from HVHF activity to groundwater supplies (Llewellyn et al,
2015). Responses to comments regarding issues relating to migration of gas and other fluids are
presented in Section 2.3.2.3, Pollution from Fluid Migration.

Groundwater contamination resulting from the migration of gas caused by HVHF activities: Local
studies have demonstrated that HVHF activities can result in, and have resulted in, the migration of
gas to groundwater. Many instances of stray gas migration from HVHF activities to groundwater re-
sources have been documented. Stray gas refers to the phenomenon of natural gas migrating to
groundwater, water wells, or to the surface (cellars, streams, or springs). Stray gas can migrate along
many naturally occurring or artificially created pathways, including defective production well bore-
holes and naturally occurring or induced fractures (Soeder, 2017, p. 100-103; U.S. EPA, 20164, p. 6-
23 - 6-25). Numerical analysis has shown that the migration of gaseous methane from a leaking well
through an aquifer can be extremely rapid, on the order of minutes (D’Aniello et al, 2019). Not only
is methane in groundwater a potential explosion hazard, but a methane plume from a leaking gas
well can alter and degrade groundwater quality. A study conducted in New York, Pennsylvania, and
West Virginia documented the phenomenon of “gas leak drainage” (GLD), whereby hydrocarbons
from leaking gas wells change the subsurface redox environment such that metals are mobilized, and
hydrogen sulfide is produced (Woda et al, 2018). The impacted groundwater can discharge to the
surface as GLD and impact surface water (Woda et al, 2019). Leaking gas can also potentially degrade
groundwater quality by causing deeper groundwater of low quality to be mixed with shallow ground-
water. A controlled field study of a subsurface gas release demonstrated the potential for deep saline
water to be displaced upward by free phase gas migration, adversely impacting water chemistry in
shallow aquifers (Forde et al, 2019b). Documented cases of stray gas migration from HVHF activities
are noted below:

In Dimock, PA the Pennsylvania Department of Environmental Protection (PADEP) investigated the
cause of groundwater contamination and made a determination that 18 water wells tapping ground-
water in the Catskill Formation and located within a nine-square-mile area had been negatively af-
fected by natural gas extraction activities. Although the specific role of hydraulic fracturing in the
migration of gas to the Catskill Formation and the specific pathways by which this migration from
HVHF activity occurred are uncertain, PADEP concluded that HVHF-related activities were a cause of
the migration of methane into the private wells (see, PADEP, 2009; PADEP, 2010). Different studies
have indicated different sources of the leaked gas. The specific extraction activity causing the migra-
tion of gas to the Catskill Formation and the specific pathways by which this migration occurred re-
main uncertain.

Other documented locations of stray gas from HVHF activities include Bainbridge, OH (22 private
domestic wells and one public water supply well affected; ODNR, 2008, p. 6); other areas in Susque-
hanna and Bradford Counties, PA (9 private domestic wells affected; U.S. EPA, 2015d, p.109); and
many other locations in Pennsylvania (PADEP, 2019d). PADEP enforcement actions in response to
impacted wells such as those cases in Bradford and Sullivan Counties (PADEP, 2018c), Bradford
County (PADEP, 2015b), Nicholson Township, Wyoming County (PADEP, 2017a), Forks Township
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and Elkland Township, Sullivan County (PADEP, 2016a), and Donegal Township, Westmoreland
County (PADEP, 2016b), and elsewhere have been resolved by PADEP-issued Consent Assessment
of Civil Penalty or Consent Order and Agreement. Other locations of stray gas migration from HVHF
activity are documented by the EPA (U.S. EPA, 201643, 6-23 - 6-25). In many cases, stray gas in
groundwater has been linked to faulty well integrity, a problem that has persisted in the oil and gas
industry for decades (PADEP, 2018a), and is especially problematic for HVHF wells, as described in
detail in Section 2.3.2.3 (Pollution from Fluid Migration). The complex process of cementing gas wells
requires sound engineering judgement in conducting actions on 65 critical parameters, factors, and
operational considerations (API, 2010). After the cementing process is complete, the well may expe-
rience cyclic stresses during the HVHF process that can open gaps within the well annulus, resulting
in leaks (Soeder, 2017, p.72). No American Petroleum Institute standardized protocols exist for ce-
ment-testing and evaluation of cement mechanical properties (Carpenter, 2015). Gas wells can de-
velop gas leaks along the casing years after production has ceased and the well has been plugged and
abandoned, as shown in a report the U.S. Geological Survey (McMahon et al, 2018). Pennsylvania
significantly upgraded its casing and cementing/well construction and operation regulations in 2011
to address issues associated with poorly constructed wells (see Appendix-4). However, violations of
regulations and impacts to water resources continue to occur.

Studies of groundwater contaminants before, during, and after HVHF activities: The Commission is
aware of two studies that examined conditions at a gas well site (or sites) before, during, and after
the process of constructing the gas well(s) and initiating gas production in order to determine if mi-
gration of gas or fluid occurred between the target formation and overlying formations during the
time period of the study. These studies are described below:

One of the studies examined the Marcellus Shale and an overlying Upper Devonian/Lower Mississip-
pian gas field in Greene County, PA (south of Pittsburgh). Monitoring for evidence of fluid migration
was performed before, during, and after the hydraulic fracturing of six horizontal Marcellus Shale gas
wells. Results of the study indicated that there had been no detectable migration of gas or other fluids
from the Marcellus Shale to the overlying Upper Devonian/Lower Mississippian gas field (Hammack
etal, 2014). The other study, partly funded by Southwestern Energy, examined shallow groundwater
quality before, during, and after drilling, hydraulic fracturing, and initiation of shale gas production
in a 25 square-kilometer area in northeastern Pennsylvania targeted for the development of approx-
imately 22 Marcellus Shale wells from four pads. Eight multi-port monitoring wells were installed
next to well pads and above or near gas well laterals. Methane concentrations in groundwater from
three out of eight monitoring wells increased by over 20 mg/1 following the drilling, stimulation, and
start of production of the nearest gas well. Salinity of groundwater from the wells likewise increased.
However, owing to conflicting results of other chemical analyses, the researchers hypothesized that
the increases in methane and salinity were a response to meteorologically driven shifts in aquifer
recharge. They concluded thatimpacts to groundwater from the process of hydraulic fracturing were
not detected within the two-year timeframe of the study. The study also found that methane and
ethane from the Marcellus Shale had migrated through a gas-well casing rupture and was detected at
low concentrations in a monitoring well situated near the ruptured gas well (Barth-Naftilan et al,
2018). This result demonstrates one migration pathway from a shale gas reservoir to groundwater
resources.

Groundwater contamination from HVHF activity as evidenced by observations of gas in streams:

Leaking gas can migrate to shallow groundwater and to streams and can be observed to bubble up
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from the impacted streambed (Grieve et al, 2018; Llewellyn et al, 2015). These situations provide
unique opportunities for quantifying HVHF impacts and tracing sources of the gas. The detection of
stray gas from HVHF activity by monitoring domestic water-supply wells near gas wells is inefficient
because the wells are often not situated along predominant groundwater flow paths and may not
intercept migrating gas. In areas where groundwater containing stray gas discharges to streams, the
streams can provide an opportunity for monitoring and quantifying stray gas impacts to groundwa-
ter at the watershed scale. Several studies were conducted in and around the watershed of a stream
with high dissolved methane concentrations located in Lycoming County, PA in an area where many
shale gas wells were drilled between 2008 and 2012. A USGS study used a new monitoring concept
combining stream hydrocarbon and noble-gas measurements with stream reach mass-balance mod-
eling to estimate thermogenic methane concentrations and fluxes in groundwater discharging to
streams (Heilweil et al, 2014). The method can also help identify methane sources. The method was
used to investigate methane in streams in northeastern Pennsylvania. Methane concentrations
measured in 4 of the 15 streams sampled were greater than or equal to 5 micrograms per liter
(=5pg/L). Geochemical analyses of water from one stream with high methane (Sugar Run, Lycoming
County) were consistent with Middle Devonian gases. The stream is near the location of a PADEP
investigation of suspected stray-gas migration from a nearby Marcellus Formation gas well. One-
dimensional stream-methane transport modeling indicated a groundwater thermogenic methane
flux of about 0.5 kilograms per day discharging into Sugar Run, demonstrating the migration of gas
from the Marcellus Formation to groundwater feeding the stream. The information from the study of
gaining stream reaches integrates information about methane migration to groundwater over kilo-
meter-scale distances that are more representative of regional aquifer conditions than point samples
from monitoring wells (Heilweil et al, 2015).

A subsequent study of methane in Sugar Run and other, unimpacted streams used geochemical trac-
ers to identify characteristics related to leaking gas wells. Analyses of hydrocarbon isotopic signa-
tures and radiogenic strontium confirmed consistency with a Middle Devonian Marcellus Formation
source. The characteristics observed in the stream near the gas well suspected of leaking included
higher concentrations of modern atmospheric age tracers in groundwater than in unimpacted
streams. The observed tracer concentrations may indicate upward transport of hydrocarbons as a
separate gas phase rather than in solution (Grieve et al, 2018).

Additional study at Sugar Run led by Penn State University identified geochemical signatures that
could indicate a subsurface methane plume in groundwater from a leaking gas well. These chemical
clues can distinguish methane migration from shale gas development from preexisting methane. The
study also provides a coherent geological explanation for why gas migration occurs in the area. Gas
may migrate as a result of gas well development in this area because the Marcellus Shale dips signif-
icantly, is shallow (about 1 km or 0.6 mi deep) and is naturally more fractured than in other areas
(Wodaetal, 2018).

Groundwater contamination from the migration of HVHF chemicals from HVHF impoundments: Im-
pacts to groundwater have also resulted from overflows or leaks from impoundments storing HVHF

produced water. In 2015, produced water was discharged through holes in the liners of HVHF fluid
impoundments operated by Energy Corporation of America in Greene County, PA, and Clearfield
County, PA. The releases impacted surface water, groundwater, and a spring used for domestic sup-
ply. In addition to a civil penalty of $2,250,000, the PADEP-issued Consent Order and Agreement
required the operator to remediate, monitor, and restore the release sites (PADEP, 2017c).
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An HVHF fluid impoundment operated without a permit by EQT Production Company in Duncan
Township, Tioga County, PA had as many as 200 holes in its lining, which resulted in leaked flowback
and produced water that created a plume of contaminated groundwater extending at least 2,000 feet
(the largest aerial extent of groundwater contamination in the history of the program). The discharge
impacted Rock Run, a Class A Wild Trout stream and a High Quality stream draining a watershed that
contains Exceptional Value wetlands. Trees and shrubs along the discharge flow path also were se-
verely impacted. As part of site remediation, at least 35 million gallons of contaminated water were
collected. Judge Labuskes of the Environmental Hearing Board described “EQT’s conduct with re-
spect to the construction, operation, and closure of the impoundment and early remediation of the
release” as “reckless” and imposed a fine of $1,137,295 (PADEP, 2017d; also see, PADEP 2014a (DEP
press release announcing in excess of $4.5 million in penalties sought)). EQT was also reportedly
charged with six criminal misdemeanors (Colaneri, 2014b).

The Commission notes that operators may no longer use centralized impoundments to store uncon-
ventional well wastewater in Pennsylvania without first obtaining a residual waste storage permit.
More details on incidents of HVHF fluid releases from spills and HVHF impacts to drinking water
resources are presented in Section 2.3.2.2 (Pollution from Spills) and Section 2.3.3.1 (Drinking Water
Resources).

The local studies described above demonstrate that HVHF activities can result in, and have resulted
in, subsurface migration of fluids, including gas, and subsequent adverse impacts to groundwater.

REGIONAL IMPACTS TO GROUNDWATER

Many field studies have been conducted to identify HVHF impacts to groundwater resources on a
regional basis and to further understand possible mechanisms and pathways for HVHF fracturing
fluid, produced water, and gas migration to shallow aquifers. Regional studies in northeastern Penn-
sylvania and New York are discussed first, followed by regional studies in other shale gas areas. The
findings of this type of research are sometimes controversial.

Background groundwater quality: An understanding of background groundwater quality conditions
and the natural processes and factors contributing to background groundwater quality is critical to
the detection and understanding of changes in groundwater quality resulting from human activities
including the development of natural gas in unconventional formations. Studies of pre-drilling
groundwater quality in the Appalachian Basin, for example, showed that natural groundwater quality
in the region commonly exceeds one or more regulatory guidelines and commonly exceeds the ana-
lytical detection limit for methane (Siegel et al., 2015b, 2016). Investigations of groundwater quality
and gases can also provide clues about the presence or absence of naturally occurring pathways that
could make aquifers more vulnerable to the migration of HVHF fluids. USGS assessments of baseline
groundwater quality in Pike County, and Wayne County, PA found that shallow (less than about 1,000
feet deep) groundwater generally meets primary drinking-water standards for inorganic constitu-
ents. Methane concentrations in groundwater from 24 percent of the sampled wells in Pike County
were greater than the laboratory reporting limit of 0.01 mg/1. In Wayne County, methane concentra-
tions in groundwater from 9 percent of sampled wells were greater than the laboratory method re-
porting limit of 0.24 mg/1. In both counties, methane concentrations in groundwater from most sam-
pled wells were below respective laboratory method reporting limits. Water quality varies spatially,
with methane (up to 2.5 mg/l and 9.6 mg/], respectively) and some constituents found in high
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concentrations in brine (and connate waters from gas and oil reservoirs) present at low to moderate
concentrations in some parts of both counties (Senior and Cravotta, 2017a; Senior and Cravotta,
2017b). A study of 1701 water wells in Susquehanna County, Pennsylvania found that methane is
common in groundwater, with higher concentrations observed in valleys in comparison with con-
centrations in upland areas (Molofsky et al,, 2013). These studies show that methane and gas reser-
voir brine constituents occur in groundwater in these counties of northeast Pennsylvania. Determin-
ing the sources of methane and brine constituents in groundwater is the subject of much research in
the region.

Evidence of groundwater contamination from HVHF activities in Pennsylvania: Identifying the
source of stray gas typically involves the analysis of noble gases and their isotopes that can be used
in matching the composition in the stray gas with that of potential source gases. The first study to
conduct a comprehensive analysis of noble gases and their isotopes in groundwater near shale-gas
wells was led by Duke University and published in 2014 (Darrah et al, 2014). The study distinguished
natural sources of methane from anthropogenic contamination and evaluated the mechanisms that
cause elevated hydrocarbon concentrations in drinking water near natural gas wells. Stray gases in
eight clusters of domestic water wells overlying the Marcellus and Barnett Shales were analyzed. In
four of the eight clusters, gas geochemistry data implicated gas originating from intermediate-depth
non-target strata that leaked through faulty gas-well annulus cement. In three cases, the analysis im-
plicated gas originating from the target formation that leaked through faulty production casings. In
one case, the analysis implicated gas originating in the target formation that leaked due to a docu-
mented underground well failure. Prior studies by Duke University in 2011 and 2013 found elevated
concentrations of methane in some private wells located less than 1 kilometer (0.6 miles) from un-
conventional gas wells and that methane concentrations increased with proximity to the gas wells.
The 2013 study found that concentrations of ethane and propane were also higher in wells proximal
to unconventional gas wells (Jackson et al, 2013b; Osborn et al, 2011). A 2018 study of 11,000 pre-
drill samples from private domestic water wells in Bradford County, PA by Penn State University
utilized data mining techniques and found a few clusters of “hot spots” where methane concentra-
tions were slightly elevated in domestic water wells located near recently drilled unconventional and
conventional gas wells (Wen et al, 2018). Results of these studies provide strong evidence that some
gas production wells are adversely impacting groundwater in parts of northeastern Pennsylvania
and elsewhere. In contrast with these results, an industry-funded study of an industry-provided da-
tabase of analytical results for Bradford and nearby counties in Pennsylvania found no relation be-
tween dissolved methane concentrations in groundwater and proximity to oil or gas wells that were
already in operation at the time of the collection of groundwater samples (Siegel et al, 2015a).

The USGS conducted studies of groundwater quality in two Pennsylvania counties—Bradford and
Lycoming—where extensive shale-gas development had occurred (Clune and Cravotta, 2019; Gross
and Cravotta, 2017). Both studies found that groundwater quality in these counties generally met
most drinking-water standards, but that in some parts of the aquifer, methane and some constituents
that occur in high concentrations in naturally occurring brine and produced waters from gas and oil
wells were present at low-to moderate concentrations. The study results did not indicate whether
the presence of methane and brine constituents was a result of natural geochemical processes or of
gas and oil development.

A 2019 study by the USGS examined water samples from 50 domestic wells located <1 kilometer
(proximal) and >1 kilometer (distal) from shale-gas wells in upland areas of the Marcellus Shale
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region and analyzed chemical, isotopic, and groundwater-age tracers. The study concluded that one
of the proximal samples contained thermogenic methane (2.6 mg/L) from a relatively shallow source
(Catskill/Lock Haven Formations) “that appears to have been mobilized by shale-gas production ac-
tivities.” (McMahon et al, 2019). This study, and studies in the Marcellus region described above,
provide compelling evidence of the migration of Marcellus Shale gas from leaking gas wells and mo-
bilized gas from intermediate strata to groundwater and a stream and demonstrate that aquifers in
some areas in northeastern Pennsylvania could be more vulnerable to gas migration due to HVHF
activities as a result of geological conditions.

Many substances used in or resulting from hydraulic fracturing activity are known endocrine disrup-
tors (EDCs), which are potentially dangerous at extremely low concentrations. The full effects of
EDCs on public health and wildlife populations are not currently known. Research has investigated
the presence of endocrine disrupting chemical activity in groundwater and surface water near HVHF
activity. A 2019 study of surface water and groundwater in Susquehanna County, PA, employed a
new approach to characterize biological consequences of pollutants in samples and the pollutants
that may be responsible (Bamberger et al, 2019). Samples were collected from 33 private wells, 6
streams, 9 ponds, 4 springs, and one lake. Sample proximity to various natural gas infrastructure,
including gas wells, compressor stations, and gas dehydrators was determined. Natural gas wells in
the county with known casing, cement sheath, and/or other impairments were also identified. The
researchers assessed potential toxicity and endocrine activity of the samples with biological assays
and determined chemical composition in bulk. The bulk chemical characterizations were then
screened for association with anthropogenic activities. One of the biological assays conducted
measures aryl hydrocarbon (Ah) receptor activity, which is an indicator of potential immunotoxicity.
Other biological assays were conducted to assess endocrine disruption. Ah receptor activity exhib-
ited a strong correlation with proximity to impaired natural gas wells. Endocrine receptor (ER) ac-
tivities did not show such a correlation. It is not clear whether this lack of correlation is due to the
absence of endocrine disrupting substances contributed by HVHF activity or simply the fact that
other activities, such agriculture, also contributed to the results. ER activity was found to be associ-
ated with potential hydraulic fracturing chemicals or wastewater constituents detected in some sam-
ples. The study detected 17 potential hydraulic fracturing additives or wastewater constituents that
were associated with Ah activity, ER activity, and proximity to impaired wells. The study authors
concluded that the association of these chemicals with biological activity and impaired wells suggests
that anthropogenic activities, including hydraulic fracturing operations, have resulted in water con-
tamination. Studies that found evidence of endocrine disrupting impacts from HVHF activities in
other shale gas regions across the nation are presented below and in Section 2.3.3.1 (Drinking Water
Resources).

Some studies of groundwater quality have identified spills of HVHF fluids as the source of groundwa-
ter contamination. A 2015 study led by Yale University investigated the source of organic chemicals
in groundwater samples from private residential wells in northeastern Pennsylvania. Based on anal-
yses of organic compounds coupled with inorganic geochemical fingerprinting, estimates of ground-
water residence time, and geospatial analyses of shale gas wells and disclosed safety violations, the
investigators determined that the dominant source of organic compounds in shallow aquifers was
consistent with the accidental release of fracturing fluid chemicals from surface spills rather than
subsurface migration of these fluids from the underlying shale formation (Drollette et al, 2019).
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Evidence of groundwater contamination from HVHF activities in other regions: Other studies have
found evidence of shallow groundwater impacts from unconventional gas development in areas
other than the northeastern Marcellus region. Results are summarized below. Details of some of the
studies are presented in Section 2.3.2.3, Pollution from Fluid Migration, and in Section 2.3.3.1, Drink-
ing Water Resources.

A 2013 assessment examined water quality in aquifers overlying the Barnett Shale formation of
North Texas. Researchers at the University of Texas analyzed samples from 100 private drinking
water wells using analytical chemistry techniques. Analyses revealed that arsenic, selenium, stron-
tium and total dissolved solids (TDS) exceeded the Environmental Protection Agency’s Drinking Wa-
ter Maximum Contaminant Limit (MCL) in some samples from private water wells located within 3
km of active natural gas wells. Lower levels of arsenic, selenium, strontium, and barium were de-
tected at reference sites outside the Barnett Shale region as well as at sites within the Barnett Shale
region located more than 3 km from active natural gas wells. Methanol and ethanol were detected in
29 percent of samples. Samples exceeding MCL levels were randomly distributed within areas of ac-
tive natural gas extraction, and the spatial patterns in the data suggest that elevated constituent lev-
els could be due to a variety of factors including mobilization of natural constituents, hydrogeochem-
ical changes from lowering of the water table, or industrial accidents such as faulty gas well casings
(Fontenot et al, 2013). Further study in the region examined 550 groundwater samples collected
from private and public supply water wells. The results detected multiple volatile organic carbon
compounds throughout the region, including various alcohols, BTEX compounds, and several chlo-
rinated compounds. These results do not necessarily identify HVHF activities as the source of con-
tamination; however, many of the compounds detected are known to be associated with HVHF activ-
ities (Hildenbrand et al, 2015). A 2016 geospatial analysis of groundwater quality data in the Barnett
Shale region was conducted by the University of Houston and the University of Texas to determine if
regional variations in groundwater quality may be associated with the presence of HVHF wells in the
region. Results indicated that elevated concentrations of some groundwater constituents are likely
related to natural gas production in the study area and that beryllium could be used as an indicator
variable for evaluating fracturing impacts on regional groundwater quality. Results also indicated
that gas well density and formation pressures correlate to changes in regional groundwater quality,
whereas proximity to gas wells, by itself, does not. The results also provide indirect evidence sup-
porting the possibility that microannular fissures may be pathways transporting fluids and chemicals
from the fractured wellbore to the overlying groundwater aquifers (Burton et al, 2016).

Results of a 2017 study by USGS on methane, benzene, and groundwater-age tracers in the Eagle
Ford, Texas, Fayetteville, Arkansas, and Haynesville, Texas/Louisiana shale gas regions indicate that
benzene detected in some wells was from subsurface sources such as natural hydrocarbon migration
or leaking hydrocarbon wells. Methane isotopes and hydrocarbon gas compositions indicate most of
the methane in the wells was biogenic and not from thermogenic shale gas. Two samples contained
methane from the fermentation pathway that could be associated with hydrocarbon degradation
based on their co-occurrence with hydrocarbons such as ethylbenzene and butane. The study also
examined groundwater-age tracers (tritium, SF6, carbon-14, and tritiogenic helium-3), and used con-
centrations of these tracers to determine fractions of post-1950s groundwater in the samples and
mean ages of the pre- and post-1950s fractions. Pre- and post-1950s groundwater are defined as
water entering an aquifer as recharge before or after, respectively, the early 1950s start of above-
ground nuclear weapons testing. The above-ground detonation of nuclear bombs releases tritium
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into the atmosphere, where it is adsorbed by rainfall and can enter aquifers with recharge and acts
as a groundwater-age tracer. Groundwater travel times inferred from tracer age data of this study
indicate that decades or longer may be needed to fully assess the effects of potential subsurface and
surface releases of hydrocarbons on groundwater quality in these regions (McMahon et al, 2017).
This important result indicates that even when elevated concentrations of contaminants are not de-
tected, they may reach aquifers in the future.

A community-based study of 66 residences in and near Belmont County in eastern Ohio explored
HVHF well proximity in relation to water contamination and health symptoms. Contaminants ana-
lyzed included volatile organic compounds (VOCs), gasoline-range organics, and diesel-range organ-
ics. The study, led by Yale University, found that contaminant detection and concentrations increased
with proximity to HVHF gas wells. The study also found that HVHF well proximity was also associ-
ated with increased general health symptoms (e.g. fatigue) (Elliott et al, 2018).

A 2013 study examined publicly available data regarding groundwater contamination from HVHF
spills in Weld County, Colorado. From July 2010 to July 2011, there were 77 reported surface spills
impacting groundwater. Measurements of the four BTEX components exceeded EPA’s national
drinking water maximum contaminant levels (MCLs) in 90, 30, 12, and 8 percent of the samples, re-
spectively. The analysis demonstrates that surface spills are an important risk of potential ground-
water contamination from hydraulic fracturing activities (Gross et al, 2013).

In a study of endocrine disrupting activity in Colorado, most of the surface water and groundwater
samples collected from sites in a region of dense oil and gas development exhibited more estrogenic,
anti-estrogenic, or anti-androgenic activities than reference sites with limited nearby oil and gas op-
erations. These results suggest that natural gas drilling operations may result in elevated endocrine
disrupting chemical activity in surface and ground water (Kassotis et al, 2014).

In a Wyoming study, groundwater samples from HVHF gas-production areas and conventional oil
production areas exhibited greater estrogen receptor (ER) antagonist activities than water samples
from conventional gas production areas. Samples from HVHF gas production areas tended to exhibit
progesterone receptor antagonism more often, suggesting there may be a HVHF-related impact on
this endocrine activity (Kassotis et al, 2018). Studies of surface waters near HVHF activities in North
Dakota and West Virginia also found evidence of elevated endocrine disrupting chemical activity
(Cozzarelli et al,, 2017; Kassotis et al, 2016). Interviewed about this body of research on endocrine
disruption, senior author Christopher Kassotis of Duke University summarized it this way:

We have now reported similar endocrine bioactivities across numerous un-
conventional oil/gas sampling regions, and other researchers are beginning
to demonstrate similar effects in cell and animal models. These, above all else,
lend strong support for our findings.

(Thuermer, 2018). The studies noted above document evidence of impacts of HVHF activities to
groundwater in many areas outside the Delaware River Basin including northeastern Pennsylvania,
Ohio, Texas, Colorado, North Dakota, and Wyoming. Other studies of groundwater quality in regions
other than the northeastern Marcellus region did not find evidence of impacts (Harkness et al, 2017;
Hildenbrand et al, 2017; Wen et al,, 2016; Warner et al,, 2013b). Some studies in the Barnett Shale
region that used noble gases and other methods suggested that the source of stray gas was local gas
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accumulations known to be present in the shallow subsurface, and not the result of hydraulic frac-
turing activity(Larson et al,, 2018; Nicot et al, 2017; Wen et al.,, 2016).

Although the conclusions of the various studies are not uniform, in many locations HVHF activities
have adversely impacted private drinking water wells with stray gas and other contaminants, and
proximity of the drinking water wells to gas wells can be an important factor in predicting the likeli-
hood of such impacts.

The weight of evidence presented by the local and regional studies noted above, in Section 2.3.3.1
(Drinking Water Resources), Section 2.3.2.3 (Pollution from Fluid Migration), and in the reports by
EPA and the NYSDEC, indicates that HVHF activities have impacted groundwater resources, and that
the presence of permeable geologic structures in some areas may contribute to increased vulnerabil-
ity of aquifers in northeastern Pennsylvania to HVHF impacts, especially contamination from stray
gas and fluid spills. As a result of long groundwater travel times, the effects of potential subsurface
and surface releases of hydrocarbons on groundwater quality may take decades or longer to be fully
assessed.

STATEMENT OF CONCERN (SC-65)

Pumping of aquifers has the potential to cause a groundwater pollution plume to move toward the
pump location, spreading the pathway of pollution and/or the rate of movement.

RESPONSE (R-65)

The Commission acknowledges the effect aquifer withdrawals can have on groundwater flow pat-
terns and the migration of contaminant plumes. This effect is central to a principal management
technique, called “pump and treat,” used to control the migration of groundwater contamination from
Superfund sites (U.S. EPA, 1996). The containment, management, and remediation of specific occur-
rences of groundwater contamination is conducted under federal and state environmental programs.

STATEMENT OF CONCERN (SC-66)

Considering that one percent of the earth's water is drinkable, how we manage water will define our
future and the future of the planet. Since 99 percent of the water is groundwater, how we look after
our aquifers is the most critical component.

RESPONSE (R-66)

The DRBC acknowledges and affirms the commenter’s focus on the importance of groundwater re-
sources. The DRBC’s Comprehensive Plan and Water Code provide that the quality of the Basin’s
groundwater shall be maintained in a safe and satisfactory condition for uses that include public wa-
ter supplies, except where such uses are precluded by natural quality. These and other provisions
and policies ensure that the DRBC’s responsibility to provide comprehensive water resource man-
agement can be fulfilled. The regulations are intended to prevent any adverse impacts to water re-
sources in the Delaware River Basin from activities associated with high volume hydraulic fracturing.
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IMPACTS TO GROUNDWATER - SUMMARY

The Commission’s responses to the numerous comments it received on potential impacts to ground-
water, based on the staff’s careful evaluation of a decade of scientific data and literature on this sub-
ject, are summarized below:

e The activities and materials associated with unconventional gas development can result in
and have resulted in significant adverse impacts to groundwater.

e The potential for impact from HVHF water acquisition on groundwater availability at the wa-
tershed scale appears to be small, and local effects can be effectively managed.

e HVHF fluid and natural gas is more likely to migrate through poorly constructed or aban-
doned gas wells than solely through natural faults and fractures, and gas is more likely than
fluid to migrate in this manner.

e Adverse impacts to groundwater are known to have resulted from spills, well injection, and
leaking gas well boreholes.

o Methane from a leaking HVHF borehole in Pennsylvania has migrated to groundwater and to
a stream. Monitoring methane and in streamflow provides the basis for quantifying and mon-
itoring the flux of methane reaching the stream.

e Aquifers in some areas of northeastern Pennsylvania may be more vulnerable to fluid migra-
tion from HVHF activities as a result of geological conditions.

e Several studies have been conducted using different approaches and in different areas to de-
termine the presence or absence of geologic features with relatively high permeability that
could potentially provide pathways for subsurface migration of HVHF fluids (including gas)
to shallow groundwater. Results of many studies of the Marcellus region in northeastern
Pennsylvania and New York suggest the presence of such features.

e Assessments of shallow groundwater quality in different areas of unconventional oil and gas
development across the nation have been conducted. A study of the Eagle Ford region in
southern Texas, the Fayetteville region in Arkansas, and the Haynesville region of Texas and
Louisiana found that benzene detected in some wells originated from subsurface sources
such as natural hydrocarbon migration or leaking hydrocarbon wells. Studies in the area of
the Barnett Shale in northern Texas found evidence of adverse effects on groundwater quality
from HVHF activity. Many of the compounds detected in groundwater in the study region are
known to be associated with HVHF activities. Other studies in regions other than the north-
eastern Marcellus region found no evidence that HVHF activity has affected groundwater
quality. Groundwater travel times inferred from age data by the USGS indicate that decades
or longer may be needed to fully assess the effects of potential subsurface and surface re-
leases of hydrocarbons on groundwater quality in these regions.

e Results of studies in Colorado and Pennsylvania indicated that the likely source of organic
contaminants detected in groundwater was HVHF fluid spills.
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e Comments minimizing the risks of HVHF to groundwater are not consistent with the weight
of the scientific evidence, the record of industry safety and compliance with regulations, or
with other factors that contribute to the risks posed by HVHF to groundwater.

o The Commission agrees with and relies on the EPA’s understanding and interpretation of the
peer-reviewed scientific research published through 2016, as set forth in its 2016 report, Im-
pacts from the Hydraulic Fracturing Water Cycle on Drinking Water Resources in the United
States. This understanding includes the EPA’s conclusions that hydraulic fracturing activities
can adversely affect water resources under some circumstances and that these impacts can
range in frequency and severity, depending on the combination of hydraulic fracturing water
cycle activities and local- or regional-scale factors.

e The Commission agrees with and relies on the 2015 Final Supplemental Generic Environmen-
tal Impact Statement on [New York’s] Oil, Gas and Solution Mining Regulatory Program pre-
pared by the NYSDEC, which found that the adverse environmental impacts that could result
from high volume hydraulic fracturing may have adverse public health outcomes, including
drinking water impacts from underground migration of methane and/or fracturing fluid
chemicals associated with faulty well construction or seismic activity.

e After publication of the NYSDEC SGEIS Findings Statement in 2015 and EPA'’s final report on
Impacts from the Hydraulic Fracturing Water Cycle on Drinking Water Resources in the
United States in 2016, additional research was published reinforcing NYSDEC’s and EPA’s
conclusions and providing additional compelling evidence that HVHF may be accompanied
by adverse impacts to groundwater.

The Commission has determined that if HVHF were permitted and commercially recoverable gas
were present in the Delaware River Basin, HVHF would be performed at dozens or hundreds of well
pad sites in the Basin, primarily: in rural areas dependent upon groundwater resources, in sensitive
headwater areas considered to have high water resource values, in areas draining to DRBC Special
Protection Waters, and in a region characterized by extensive geologic faults and fractures. Adverse
impacts to groundwater would inevitably occur as the result of discharges of harmful pollutants, in-
cluding salts, metals, radioactive materials, organic compounds, endocrine-disrupting and toxic
chemicals, and chemicals for which toxicity has not been determined.

A decade of experience in other regions has shown that regulation is not capable of preventing ad-
verse effects or injury to water resources from HVHF-related spills, gas migration, and releases of
chemicals and hydraulic fracturing wastewater. Accordingly, the Commission has determined that
controlling future pollution by prohibiting high volume hydraulic fracturing in the Basin is required
to effectuate the Commission’s Comprehensive Plan, avoid injury to the waters of the Basin as con-
templated by the Comprehensive Plan and protect the public health and preserve the waters of the
Basin for uses in accordance with the Comprehensive Plan.

2.3.3.4 Wetlands

Many commenters expressed concerns about potential impacts to wetlands from a variety of HVHF
activities, including water withdrawals, the generation of radioactive wastes, the construction and
maintenance of infrastructure, and other activities that could degrade the quality of water supporting
wetlands.
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STATEMENT OF CONCERN (SC-67)

Many commenters expressed concerns that withdrawals from groundwater and surface water for
HVHF activities will harm wetlands, other water-dependent habitats, and associated biota, including
rare, threatened and endangered species. Representative, paraphrased examples of specific con-
cerns about impacts of HVHF withdrawals on wetlands include the following:

O

Withdrawals from surface and ground water in the amounts required for HVHF may ad-
versely affect aquatic ecosystems and river channels and riparian resources downstream, in-
cluding wetlands.

Pumping of aquifers has the potential to disrupt the flow of groundwater that feeds existing
water supply wells or natural resources such as wetlands, seeps, and springs.

There are many documented harms of inter-basin transfers, including reduced flow rates in
the donor basin: decreased supply in the donor basin can result in changes to a waterbody's
natural flow patterns, with impacts to native vegetation and aquatic habitats, including wet-
lands.

Given the extraordinary ecological diversity known to exist within the Special Protection Wa-
ters in the upper portion of the Delaware River Basin in Pennsylvania, it is imperative that
any further discussion of proposals to allow water withdrawals and disposal of fracking
wastewater into the waters of the Delaware River Basin must be accompanied by a complete
and through Biological Assessment as to how bog turtles and the thousands of other species
of concern in northeast Pennsylvania will be affected, both individually and collectively.

RESPONSE (R-67)

DRBC fulfills the resource management charge conferred on it by the interstate and federal statute
known as the Delaware River Basin Compact through policies, regulations and practices informed by
science. As DRBC’s policy set forth in its Comprehensive Plan and codified in the Delaware River
Basin Water Code states:

The quality of Basin waters, except intermittent streams, shall be maintained
in a safe and satisfactory condition for the following uses:

1. agricultural, industrial, and public water supplies after reasonable treat-
ment, except where natural salinity precludes such uses;

2. wildlife, fish and other aquatic life;
3. recreation;
4. navigation;

5. controlled and regulated waste assimilation to the extent that such use is
compatible with other uses;
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6. such other uses as may be provided by the Comprehensive Plan.
(Water Code, § 3.10.2 B.).
The Commission’s Comprehensive Plan and Water Code further provide that:

It shall be the policy of the Commission to support the preservation and pro-
tection of wetlands by:

A. Minimizing adverse alterations in the quantity and quality of the underly-
ing soils and natural flow of waters that nourish wetlands.

B. Safeguarding againstadverse draining, dredging or filling practices, liquid
or solid waste management practices, and siltation.

C. Preventing the excessive addition of pesticides, salts or toxic materials
arising from non-point source wastes.

D. Preventing destructive construction activities generally.
(Water Code, § 2.350.2).

Threats to wetlands from HVHF activities include those relating to water use, land use changes, and
contamination of waters sustaining wetlands (Sutter et al, 2015). The Commission acknowledges
that under certain conditions withdrawals from surface waters and groundwaters for any purpose
may adversely affect nearby and downstream users, and water-dependent habitats including wet-
lands, and associated biota (U.S. EPA, 2015b, pp. 1-4; Alley, et al, 1999). The New York DEC Final
Supplemental Generic Environmental Impact Statement on hydraulic fracturing explains the issue
this way:

The functioning of a wetland is driven by the inflow and outflow of surface
water and/or groundwater. As a result, withdrawal of surface water or
groundwater for high-volume hydraulic fracturing could impact wetland re-
sources. These potential impacts depend on the amount of water within the
wetland, the amount of water withdrawn from the catchment area of the wet-
land, and the dynamics of water flowing into and out of the wetland. Even
small changes in the hydrology of the wetland can have significant impacts on
the wetland plant community and on the animals that depend on the wetland.

(NYSDEC, 20154, p. 6-5). Section 2.3.3.1, Water Use, provides more detailed discussion of potential
water uses and consumptive water uses associated with high volume hydraulic fracturing.

The EPA conducted a study of the impacts of HVHF water acquisition on water availability, including
impacts to surface water and groundwater. The study included a detailed analysis of these impacts
from the Marcellus Shale development in the Susquehanna River Basin. The study concluded that
the potential for hydraulic fracturing impact on groundwater and surface water availability at the
watershed scale appears to be small, and that local impacts to surface water availability in small
streams can be effectively managed (U.S. EPA, 2015b, pp. 1-2). Additional details of this study are
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discussed in Section 2.3.3.2, Surface Water and Aquatic Life, and Section 2.3.3.3, Groundwater. These
sections also discuss impacts of HVHF activities to water resources from releases of fracturing fluids,
flowback, and produced water. After carefully considering the public comments received on the draft
rules, the Commission is withdrawing from consideration the provisions of such rule relating to the
exportation of water from the Delaware River Basin for hydraulic fracturing and related activities
(Section 440.4). The topic of water exportation will be addressed through one or more separate Com-
mission actions.

As proposed in the draft rules and as discussed and supported throughout this comment response
document, high volume hydraulic fracturing and related activities would be prohibited within the
Delaware River Basin. As such, impacts to wetlands from water withdrawals to support high volume
hydraulic fracturing in the Basin will not occur.

STATEMENT OF CONCERN (SC-68)

A commenter expressed concern about the problem of radioactive waste in landfills, including those
occupying wetlands or within dangerous proximity to wetlands. The Hakes landfill in Painted Post,
NY was presented as an example of a landfill found to contain an inordinate amount of radium-de-
rived radionuclides in the areas of the landfill where HVHF waste has been dumped.

RESPONSE (R-68)

Regulation of solid waste disposal is not a matter addressed by the Final Regulations. The regulation
of the types of materials and the methods by which they can be disposed of at landfills is regulated
by the EPA and/or the individuals states. EPA guidelines allow for waste material containing low-
level activity waste to be accepted at landfills. Naturally occurring radioactive materials (NORM) ex-
tracted from drilling may be considered low activity wastes (U.S. NRC, 2017).

As for concerns about leachate entering the water cycle, EPA regulations at 40 C.F.R. Part 258 for the
implementation of Subtitle D (non-hazardous solid waste) of the Resource Conservation and Recov-
ery Act (RCRA), regulate the construction and operation of landfills (U.S. EPA, 2020b). These regula-
tions require operators to:

1. ensure that landfills are built in suitable geological areas away from faults, wetlands, flood
plains or other restricted areas;

2. line the bottom and sides of landfills with composite liners consisting of a geo-membrane
overlying two feet of compacted clay soil;

3. install and operate leachate collection and removal systems;

4. monitor groundwater wells to determine whether waste materials have escaped from the
landfill;

5. develop and implement closure and post closure plans to ensure closed landfills are covered
and to provide long-term care of closed landfills; and
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6. implement corrective action to control and clean up landfill releases and achieve groundwa-
ter protection standards.

7. provide financial assurance to ensure proper closure and post-closure care.

See summary at: https: //www.epa.gov/landfills/municipal-solid-waste-landfills. The DRBC will con-
tinue to review any proposed discharge of treated leachate as a discharge of industrial wastewater,
when such discharges are at and above the thresholds described in 18 C.F.R. §§ 401.35(a)(5) and
(b)(8). The DRBC also intends to continue to review the importation of leachate into the Basin under
existing review thresholds at 18 C.F.R. §§ 401.35(a)(18) and (b)(4) and under existing exportation
and importation regulations at Section 2.30 of the Water Code.

STATEMENT OF CONCERN (SC-69)

Allowing the construction and maintenance of hydraulic fracturing infrastructure such as pipelines
would have a high potential for damaging our aquifer through the destruction of wetlands and head-
waters that feed and maintain the purity of the aquifer.

RESPONSE (R-69)

The Commission acknowledges the importance of wetland areas and headwaters streams to the in-
tegrity of downstream water resources, although the role of these features in recharging aquifers is
limited in most areas and in most circumstances. Most aquifer recharge in the Delaware River Basin
occurs as infiltration of precipitation over the land surface (Parker et al, 1964). Wetlands are im-
portant for removal of some pollutants that could potentially impact aquifers and can help in con-
tributing aquifer recharge in some areas, under some circumstances (Tiner and Wilen, 1988). Head-
waters streams usually receive flow from groundwater rather than contributing recharge to aquifers,
but they can contribute to aquifer recharge in some settings and under some circumstances, as has
been shown by the U.S. Geological Survey, for example, in streams near Altoona, PA (Cravotta et al,
2018). Headwaters streams are important sources of sediments, nutrients, and organic matter (Gomi
etal, 2002). In undeveloped areas, any aquifer recharge from headwaters streams can be expected
to be low in anthropogenic contaminants.

No amendment was proposed to the Commission’s existing regulations regarding the review of nat-
ural gas transmission lines. Subpart C of the Rules of Practice and Procedure (18 C.F.R. Part 401)
(“Rules”) governs the submission and review pursuant to Section 3.8 of the Delaware River Basin
Compact, of projects having a substantial effect on the water resources of the Basin. Among other
things, the Rules identify multiple categories of projects that are presumed not to have a substantial
effect on the Basin's water resources and thus are not required to undergo the Commission’s review
and approval. Among the activities ordinarily not subject to DRBC review are natural and manufac-
tured gas transmission lines and appurtenances, except where such lines would:

1. “pass in, on, under or across an existing or proposed reservoir or recreation project area as
designated in the Comprehensive Plan” (18 C.F.R. 401.35(a)(12)); or

2. ‘“involve significant disturbance of ground cover affecting water resources” (i.e., involving dis-
turbance of 3 or more square miles) (18 C.F.R. 401.35(a)(12)); or
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3. “involve draining, filling or otherwise altering marshes or wetlands when the area affected is
greater than 25 acres” (18 C.F.R. 401.35(a)(15)); or

4. involve hydrostatic testing that results in discharges equal to 10,000 gallons per day (gpd) or
greater within the drainage area of Special Protection Waters and 50,000 gpd or greater else-
where in the Basin (see, 18 C.F.R. 401.35(a)(5)).

When it reviews pipeline projects, the Commission, among other things, evaluates whether they com-
ply with applicable requirements of the wetlands regulations cited above in Response R-67.

STATEMENT OF CONCERN (SC-70)

The Delaware Riverkeeper Network expressed concern that wetlands are sensitive to development
activities and are documented to have been degraded by oil and gas development, and that there is
substantial potential for destruction and loss of wetlands if HVHF were to occur in the Basin. HVHF
wastewater can pollute streams and wetlands, rendering them unsuitable for many salt-sensitive
freshwater organisms including frogs, salamanders, fishes, and many freshwater plants

Another commenter noted that some impacts of erosion from pad site construction, access road de-
velopment, widening of existing roads, installation of pipelines, and placement of production facili-
ties can be controlled with the use of various Best Management Practices (BMPs) such as protecting
bare soils from the wearing effects of water and wind and by reducing or preventing soils from being
transported offsite to a stream, surface water body, or wetland.

RESPONSE (R-70)

The DRBC acknowledges the concerns raised by commenters surrounding land disturbance and re-
lated impacts associated with many aspects of hydraulic fracturing operations, including fluid re-
leases.

Adverse impacts from land disturbance related to HVHF can be severe. For example, in Greene
County, PA, in 2012, an HVHF operator failed to implement effective erosion and sedimentation con-
trol BMPs, resulting in a landslide that developed on a large fill slope at a well pad, causing fill mate-
rial to encroach into two unnamed tributaries of Grimes Run. Impacts included deforestation of a
forested wetland (PADEP, 2014d).

Wetlands have also been adversely impacted by the release of HVHF fluids. EPA documented that
between January 2006 and April 2012 in Texas and Pennsylvania, spills of HVHF flowback, produced
water, and chemicals occurred that impacted wetlands (U.S. EPA, 2015e, Appendix B). For example,
in Dimock, PA, in 2009, 8,000 gallons of HVHF produced water spilled into Stevens Creek due to the
failure of a supply pipe. The contamination caused a fish kill and impacted nearby wetlands (Con-
sidine, 2012). Responses to comments on spills are presented in Section 2.3.2.2, Pollution from Spills.

We also acknowledge that a portion of land disturbance impacts can be mitigated and that the initial
footprint of disturbance may be reduced over time. Notwithstanding, the Final Regulations prohibit
HVHF in the Delaware River Basin; thus, the range of estimated land disturbance associated with
hydraulic fracturing operations along with the potential for adverse impacts are not anticipated.
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Section 2.3.2.5, Landscape Changes, discusses the risks and vulnerabilities of landscape changes as-
sociated with high volume hydraulic fracturing in greater detail. Section 2.3.3.2 further discusses
impacts to surface waters and aquatic life.

STATEMENT OF CONCERN (SC-71)

Hydraulic fracturing and its associated water quality issues are just too much for a small State like
Delaware with large amounts of wetlands and other areas that could be affected.

RESPONSE (R-71)

The Final Regulations prohibit HVHF in the Delaware River Basin; thus, the range of estimated im-
pacts associated with hydraulic fracturing operations, as described above and in other sections of
this document, are not anticipated to impact wetlands in Delaware.

IMPACTS TO WETLANDS - SUMMARY

The Delaware River Basin Compact requires the Commission to develop and adopt a Comprehensive
Plan for the immediate and long range development and use of the water resources of the Delaware
River Basin. (Compact, §§ 3.2(a) and 13.1. The Compact also confers on the Commission the power
to “assume jurisdiction to control future pollution ... in the waters of the Basin whenever it deter-
mines after investigation and a public hearing upon due notice that the effectuation of the compre-
hensive plan so requires.” (Compact § 5.2). See Section 1.9 of this Comment and Response Document.

The Commission’s Comprehensive Plan and Water Code provide:

It shall be the policy of the Commission to support the preservation and pro-
tection of wetlands by:

A. Minimizing adverse alterations in the quantity and quality of the underly-
ing soils and natural flow of waters that nourish wetlands.

B. Safeguarding against adverse draining, dredging or filling practices, liquid
or solid waste management practices, and siltation.

C. Preventing the excessive addition of pesticides, salts or toxic materials
arising from non-point source wastes.

D. Preventing destructive construction activities generally.
(Water Code, § 2.350.2).

The Commission’s responses to the numerous comments it received on potential impacts to wetlands
are summarized below:

e The Commission acknowledges that withdrawals from surface waters and groundwaters for

any purpose can adversely affect nearby and downstream users, and water-dependent habi-
tats including wetlands, and associated biota. The potential for hydraulic fracturing impact
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on groundwater and surface water availability at the watershed scale appears to be small,
and local impacts to surface water availability in small streams and wetlands can be effec-
tively managed.

e In locations where HVHF has been conducted, spills of HVHF fluids have occurred that im-
pacted wetlands. If HVHF were allowed in the Delaware River Basin, spills would occur that
are likely to adversely affect wetlands. See generally, Section 2.3.2.2 of this Comment and
Response Document.

e Because DRBC does not regulate solid waste disposal in landfills, the Final Regulations do not
address disposal of radioactive waste in landfills, including those occupying wetlands or
within proximity to wetlands. DRBC does regulate the discharge of treated leachate pursuant
to its existing regulations when the discharge meets the threshold for review in the Rules of
Practice and Procedure.

e The regulation of pipelines to transport natural gas or any other substance is not within the
scope of the Final Regulations, nor has the DRBC proposed to amend its existing regulations
and authority in that respect.

As proposed in the draft rules and as discussed and supported throughout this Comment and
Response Document, the regulations prohibit high volume hydraulic fracturing within the
Delaware River Basin. As such, impacts to wetlands associated with the activity will not oc-
cur. On the basis of its review, the Commission has determined that some of the risk to wet-
lands associated with land disturbance that accompanies HVHF could be effectively managed
through regulation if this were the only such risk associated with HVHF. However, in light of
the other risks and impacts discussed in this document, the potential for adverse impacts to
wetlands associated with HVHF activities, combined with the totality of the risks, vulnerabil-
ities, impacts, and uncertainties discussed throughout this comment and response document,
supports the Commission’s determination that prohibiting high volume hydraulic fracturing
within the Delaware River Basin is required to effectuate the Comprehensive Plan, avoid in-
jury to the waters and wetlands of the Basin as contemplated by the Comprehensive Plan and
protect the public health and preserve the waters of the Basin for uses in accordance with the
Comprehensive Plan.

2.3.3.5 Flood Plains

There were no significant comments provided specific to impacts to flood plains. Some commenters
expressed concern with fossil fuel development and climate change and the potential for increased
flood risks. Sections 2.6.3, Climate Change, and 2.6.4, Renewable Energy and Fossil Fuels, include
responses to comments concerning these items.
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2.3.4 Consistency with DRB Compact and Other Programs

2.3.4.1 Special Protection Waters

STATEMENT OF CONCERN (SC-72)

Commenters stated:

O

Special Protection Waters are those that meet the standards of Chapter 93 of Pennsylvania
Code Title 25. Once a protective use is established for a PA surface water, that use must be
maintained, and the surface water is not permitted to degrade. Anti-degradation is a concept
that has its roots in the federal Clean Water Act and was promulgated by the U.S. Environ-
mental Protection Agency (EPA). The responsibility for meeting the non-degradation stand-
ards is already incorporated in Clean Water Act regulations the Commonwealth implements.
According to Pennsylvania's Department of Environmental Protection (DEP), over 94 percent
of Wayne County streams are designated as Special Protection Waters. This result is from
years of dedication and hard work by landowners, farmers, townships, the County and by
DEP.

The entire non-tidal Delaware River is protected by DRBC Special Protection Waters (SPW)
anti-degradation regulations due to the exceptional values of the River. The strict regulations
adopted by DRBC to protect the water quality of SPW waters requires that the existing high
water quality be maintained so that there is "no measurable change" except towards natural
conditions.

To obtain DRBC approval, new discharges to waters classified as SPW must demonstrate "no
measurable change" to existing water quality as defined by the regulations for a list of param-
eters at established water quality control points. The parameters include: alkalinity, hard-
ness, pH, dissolved oxygen, temperature, turbidity, dissolved and suspended solids, nutrient
parameters and bacteria. Notably, no “pollutants of concern” are proposed to be added to
these parameters by way of the proposed rulemaking. If DRBC wishes to modify the SPW
regulations to add more water quality parameters, then DRBC should open the SPW Regula-
tions for revision and comment.

RESPONSE (R-72)

Initially adopted in 1992, and expanded in 1994 and 2008, the Commission’s Special Protection Wa-
ters (“SPW”) program implements “the policy of the Commission that there be no measurable change
in existing water quality except toward natural conditions in [interstate] waters considered by the
Commission to have exceptionally high scenic, recreational, ecological, and/or water supply values.”
(Water Code § 3.10.3 A.2). Through stricter reporting requirements and controls on point and non-
point discharges, the Commission’s SPW program is designed to prevent degradation in interstate
streams and rivers where existing water quality is better than the applicable standards require. The
Commission has designated the entire 197-mile non-tidal Delaware River from Hancock, N.Y. to Tren-
ton, N.J. as SPW. Notably, three-quarters of this reach has also been included by Congress in the
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National Wild and Scenic Rivers System. In addition, 113 miles (57 percent) of the non-tidal Dela-
ware River have also been designated units of the National Park System.

The Commission’s SPW program does not examine the effect of individual discharges in isolation, but
rather considers the cumulative impacts of disparate pollutant loadings at a series of downstream
water quality control points. Under the program, new or expanded pollutant loadings are permitted
as long as they do not measurably change water quality at the applicable control point. To administer
the program, DRBC relies on ambient monitoring at approximately 60 locations through an informal
partnership with the National Park Service (NPS). Computer modeling is used to determine the ef-
fluent limits required to ensure no measurable change as the result of a proposed new or expanding
discharge.

The Commission’s SPW program is administered pursuant to the Delaware River Basin Compact and
is distinct from water quality programs of the Pennsylvania Department of Environmental Protection
(PADEP) implemented by PADEP pursuant to the Pennsylvania Clean Streams Law and as a delegated
program under the federal Clean Water Act. The main stem Delaware River has SPW status only
under DRBC’s program, not PADEP’s, although the Commonwealth has supported DRBC’s SPW des-
ignations in each instance.

The DRBC does not dispute the commenter’s assertion that according to the PADEP and Wayne
County Department of Planning, approximately 94 percent of the land area of Wayne County drains
to streams that the PADEP has classified as “Special Protection.” Notably, 100 percent of the land
area within the portion of Wayne County located in the Delaware River Basin drains to streams so
classified by the PADEP. All of Wayne County within the Delaware River Basin also falls within the
drainage area of DRBC’s SPW. The DRBC acknowledges that landowner, local, county and state ac-
tions have contributed to the high quality of the non-tidal Delaware River and its tributaries. The
DRBC’s actions have also played a vital role in this achievement.

2.3.4.2 National Wild and Scenic Rivers Program

STATEMENT OF CONCERN (SC-73)
Commenters stated:
o The Delaware River was designated as a National Wild and Scenic River by Congress because

of its outstanding features, irreplaceable resources, exceptional water quality and scenic and
recreational value.

o The magnitude of risks and cumulative potential impacts from natural gas development

within the DRB are incompatible with the goals of the Wild and Scenic River Management
Plan.
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RESPONSE (R-73)

Portions of the Delaware River and some of its tributaries have been designated by the Federal Gov-
ernment as parts of the National Wild and Scenic Rivers system.

In 1978, pursuant to the Wild and Scenic Rivers Act (16 U.S.C. §§ 1271-1287) Congress designated
the Middle Delaware National Scenic and Recreational River (managed by the Delaware Water Gap
National Recreation Area) and Upper Delaware Scenic and Recreational River as both units of the
national park system and components of the National Wild and Scenic Rivers System.

In 2000, Congress designated multiple sections and tributaries of the Lower Delaware National Wild
and Scenic River (including Tinicum Creek, Tohickon Creek, and Paunacussing Creek) as a partner-
ship river. Then, in 2006, the fourth river in the Delaware River Basin-the Musconetcong National
Wild and Scenic River, a tributary to the Delaware-was designated by Congress as a partnership wild
and scenic river.

Lands where the NPS provides technical and financial assistance but are neither federally owned nor
directly administered by the NPS are referred to as “NPS Affiliated Areas”. NPS Affiliated Areas com-
prise a variety of sites that preserve significant properties outside the National Park System. Some of
these have been recognized by Acts of Congress, while others have been designated by the Secretary
of the Interior under an appropriate authority (Historic Sites Act of 1935 [16 U.S.C. §§ 461-467], Na-
tional Wild and Scenic Rivers Act) and include non-NPS administered designated partnership Wild
and Scenic Rivers.

Section 10 of the Wild and Scenic Rivers Act requires federal agencies to manage designated rivers
in a manner that protects and enhances the free-flowing condition, water quality, and Outstandingly
Remarkable Values for which a river was designated. Section 10 directs that primary emphasis be
given to protection of a river’s scientific and other features. This is an affirmative, anti-degradation
and enhancement policy.

Within the Upper Delaware Scenic and Recreational River, the integrity of its ecological communities,
presence and size of dwarf wedgemussel populations (federally endangered), and the presence of
the full complement of freshwater mussels makes the upper Delaware River exemplary at a regional
and national scale. The corridor’s pristine resources offer outstanding river recreation in close prox-
imity to the most densely populated region in the United States. The quality of this experience is con-
sidered exemplary at a regional scale.

Although the federal government administers the Wild and Scenic program, when Congress created
the program in 1968, it envisioned a cooperative system that would rely on the combined efforts of
state, local, and federal governments, along with individual citizens and non-governmental organiza-
tions. The system was intended to be flexible enough to provide a means for communities to protect
their rivers in a way that is sensitive to the needs and concerns of the people who live, work, and
recreate along the rivers.

The Commission incorporated the Upper Delaware Scenic and Recreational River into the Compre-
hensive Plan on July 26, 1978 by approving Docket No. D-1978-051 CP. The docket approval included
the provision that the final management plan, a federal requirement, “must be submitted to and
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approved by the Commission under Section 3.8 of the Compact.” On November 4, 1987, the NPS
submitted an application to the Commission for the inclusion of the Upper Delaware Scenic and Rec-
reational River Management Plan (U-MP, or Management Plan) in the DRBC Comprehensive Plan. On
March 23, 1988 the Commission voted to revise Docket No. 1978-051 CP, the first Commission ap-
proval for the UDS&RR. The Revisions supplemented the initial (1978) description of the project,
established conditions of DRBC’s non-voting participation in the proposed Upper Delaware Council
(UDC), addressed the revised boundaries of the region, and reaffirmed the inclusion of the UDS&RR
Project in the Comprehensive Plan. The Docket endorses “the intent of the Management Plan”, and
stated that the Commission retains its authority over any proposed project subject to review under
Section 3.8 of the Compact and the Commission’s Administrative Manual, allowing that while con-
ducting such reviews, it would consider the impact on all areas within the boundary of the UDS&RR
area to determine impairment or conflicts with the Comprehensive Plan.

The Commission incorporated the Delaware Water Gap Natural Recreation Area General Manage-
ment Plan into the Comprehensive Plan on October 28, 1987 by approving Docket No. D-1987-065.
The GMP was found to be consistent with the DRBC Comprehensive Plan and all DWGNRA present or
future publicly owned areas and facilities were added to the DRBC Comprehensive Plan.

The Commission’s water quality programs - in particular, its Special Protection Waters program de-
scribed above - protects the Delaware River’'s Wild and Scenic designations by protecting water qual-
ity, one of the natural resource values that served as a basis for these congressional Wild and Scenic
designations. The Commission’s rule will protect the Basin’s Wild and Scenic rivers from the water
resource impacts associated with high volume hydraulic fracturing and related activities by prohib-
iting such activities within the Basin.

2.3.4.3 Flexible Flow Management Program

STATEMENT OF CONCERN (SC-74)

Commenters stated:

o Ifthe proposed regulations are going to allow significant bodies of water to be removed from
the river, this is going to have incredible implications for the flexible flow management plan
and New York City's operation of the upper Delaware Basin reservoirs.

o Itis counterproductive to the FFMP to allow water exports that will impact flows, groundwa-
ter reserves, and stream stability by permitting further depletive uses.

RESPONSE (R-74)

After carefully considering the public comments received on the November 2017 draft rules, the
Commission is withdrawing from consideration the provisions of its draft rule relating to the expor-
tation of water from the Delaware River Basin for hydraulic fracturing and related activities (Section
440.4). The topic of water exportation will be addressed through one or more separate Commission
actions. Because the Final Regulation prohibits HVHF in the Basin, no withdrawals will take place to
supply water for in-Basin HVHF activities.
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2.3.4.4 Delaware River Basin Compact

STATEMENT OF CONCERN (SC-75)

Numerous commenters stated that anything short of a complete ban on drilling and fracking related
activity—including water-related withdrawal and wastewater importation, treatment and dis-
posal—would be a dereliction of DRBC's stated vision and leadership.

RESPONSE (R-75)

After careful review of all comments submitted on the draft regulation, the Commission is finalizing
its proposed prohibition on HVHF within the Basin (18 C.F.R. § 440.3). The Commission is also with-
drawing proposed Sections 440.4 and 440.5 of the draft rule, concerning exportations of water for
hydraulic fracturing of oil and natural gas wells and the importation, treatment and disposal of pro-
duced water from such wells. The topics of water exportation and wastewater importation will be
addressed through one or more separate Commission actions.

STATEMENT OF CONCERN (SC-76)

Commenters stated:

o The Delaware River Basin Commission is not heeding its charges under the Compact "to re-
move causes of present and future controversy” and "provide for cooperative planning."
Fracking does not reduce controversy.

o The DRBC, in its decision to unilaterally impose these regulations by arbitrary fiat, is thwart-
ing its responsibility to conduct "cooperative planning” with member states, as required un-
der the Compact.

RESPONSE (R-76)

The Delaware River Basin Compact, from which one of the commenters quotes, states:

In general, the purposes of this compact are to promote interstate comity; to
remove causes of present and future controversy; to make secure and protect
present developments within the states; to encourage and provide for the
planning, conservation, utilization, development, management and control of
the water resources of the Basin; to provide for cooperative planning and ac-
tion by the signatory parties with respect to such water resources; and to ap-
ply the principle of equal and uniform treatment to all water users who are
similarly situated and to all users of related facilities, without regard to estab-
lished political boundaries.

(Compact, § 1.3(e)).

The Commission’s regulation prohibiting HVHF is adopted by vote of a majority of the member Com-
missioners on behalf of the signatory parties to the Compact, i.e., the Delaware River Basin states and
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federal government after an extensive public process, careful evaluation of the available science in
light of DRBC policies, and extended consideration by the five Commissioners—four governors and
on behalf of the federal government, the Commander, North Atlantic Division, U.S. Army Corps of
Engineers, assisted by DRBC staff and the technical staff of the Commission’s member agencies. In
the view of the Commission this action achieves the procedural and substantive purposes set forth
in the referenced section of the Compact.

STATEMENT OF CONCERN (SC-77)

One of the core purposes of the Compact is to apply the principle of equal and uniform treatment of
all water users without regard for established political values. The Commission's proposed actions
are anything but equal or uniform and its outcome should not be allowed to prevail.

RESPONSE (R-77)

The Compact’s stated purposes include in relevant part, “to apply the principle of equal and uniform
treatment to all water users who are similarly situated and to all users of related facilities, without
regard to established political boundaries.” (Compact, § 1.3(e) (emphasis added)). In establishing the
Commission’s geographic jurisdiction, the Compact provides, “The Commission shall have, exercise
and discharge its functions, powers and duties within the limits of the basin, except that it may in its
discretion act outside the basin whenever such action may be necessary or convenient to effectuate
its powers or duties within the basin....” (Compact, § 2.7). Because the Commission’s rulemaking
applies equally and uniformly to all similarly situated water users within the DRB, it is consistent
with the core principle cited by the commenter, as well as with the authority conferred on the Com-
mission by the Compact.

Objections to disparate treatment between water users within the Delaware River Basin and water
users outside the Basin are addressed in the section of this Comment and Response Document that
discusses the doctrine of equal protection under the United States Constitution. See Section 2.6.10
(Other Legal Comments). In that section, the Commission explains that the Equal Protection Clause
requires a rational basis for a governmental classification. The Commission has not asserted juris-
diction over HVHF activities in any location other than the Delaware River Basin, and thus has not
classified out-of-Basin activities at all, let alone classified them differently from in-Basin activities.
An equal protection issue does not arise where different regulators with separate jurisdictional au-
thorities take different regulatory approaches. DRBC notes, however, that certain geological charac-
teristics and differences in water needs and uses distinguish the Basin from other locations.

STATEMENT OF CONCERN (SC-78)

AXPC (American Exploration and Production Council) believes that the rule proposal would conflict
with the Commission’s 2001 Comprehensive Plan. As detailed in the Introduction, specifically in Sec-
tion D, the Comprehensive Plan provides, "... a flexible, growing and evolving general framework for
the orderly development of the water and related resources of the Basin." We assert that this state-
ment is intended to embrace innovation and technological advancement by the various water users
within the DRBC's jurisdiction and reflect such achievements in its regulations. A ban on any activity
within the Basin is obviously outside the realm of a flexible, evolving framework.
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RESPONSE (R-78)

As the Compact recognizes, “The water resources of the Basin are functionally interrelated, and the
uses of these resources are interdependent.” (Compact, § 1.3(e)). The Commission has determined
that the use of vast quantities of water over large portions of the Basin for and during high volume
hydraulic fracturing and related activities risks permanently foreclosing or impairing other uses of
the Basin’s waters that are protected by the Comprehensive Plan. These protected uses include pub-
lic water supply and commercial and industrial activities that also require large quantities of high-
quality water. In order to effectuate the Comprehensive Plan, the Commission cannot responsibly
allow a new industry to consume, degrade, foreclose all future use of, or place at permanent risk, the
resource the Commission is charged with managing for the benefit of more than 13 million users. If
scientific innovation and technological advances in the future demonstrate that high volume hydrau-
lic fracturing can be performed without the adverse impacts on water resources that have been
demonstrated to date, a future group of governors and federal representatives, acting in their capac-
ity as DRBC Commissioners, may exercise their discretion to reconsider this question.

STATEMENT OF CONCERN (SC-79)

A number of commenters recommended that DRBC perform a cumulative impact analysis. The fol-
lowing are representative of their comments:

1. Abuildout of this size will bring enormous impacts on air, land, and water and the communi-
ties proximate to these activities. Based on industry projections and current rates of con-
sumption, the cumulative impact of the 0&G buildout would require 583 billion gallons of
fresh water depleted from the system.

2. Itis unclear whether language in section 2.30.4 (F and G) of the Commission’s Water Code,
requiring applicants to describe the “relationship” of proposed projects to all other diversions
and other DRBC actions, is intended to capture the cumulative impacts of proposed projects.
I recommend that this language be clarified to more clearly to require cumulative impact
analysis, as defined in the DRBC’s Administrative Manual — Part I1l Water Quality Regulations,
and that this analysis be required for both the export of water and importation of wastewater
associated with hydraulic fracturing.

3. We urge the DRBC to carefully consider the sensitivity of headwaters resource areas to water
withdrawals and the potential cumulative impacts to surface and groundwater resources of
this consumptive use.

4. An analysis of the cumulative impacts of consumptive uses in the Basin—including the water
withdrawals and wastewater disposal that would be allowed by the draft regulations—is
necessary to determine appropriate limitations on such withdrawals. In order to address po-
tential adverse impacts associated with aggregated consumptive withdrawals, DRBC should
use a cumulative impact analysis to establish standard permit terms which would specify un-
der what river flow conditions withdrawals or wastewater discharges would be temporarily
halted.
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5. Proper management of the withdrawal through flow analysis, cumulative impact studies,
pass-by flow determinations, in-stream flow need assessments and long-range planning are
what is needed to protect the resources of the Basin.

6. DRBC's duties under the Comprehensive Plan require the Commission to consider whether
and where an activity, as a whole—such as unconventional gas development—fits in the Ba-
sin, and its cumulative impacts.

7. The Commission recognized the potential cumulative impacts of hydraulic fracturing
activities on the water resources of the Basin to be so significant that the Commission
applied for federal funding for a cumulative impact study. The U.S. House of
Representatives Appropriations Committee Subcommittee on Interior, Environment, and
Related Agencies approved $1 million for the U.S. Geological Survey and the
Commission to conduct that study, but due to the lack of needed action on the federal budget,
these funds were not granted in the Congressional session. The foresight the Commission
has shown in seeking these funds is exemplary. We are in full support of this effort and have
continued to seek funding sources for the Commission ourselves.

8. In our opinion, a cumulative impact analysis of the potential effects of natural gas develop-
ment on the Basin's resources is essential to developing appropriate rules that will fulfill the
DRBC's mandates.

RESPONSE (R-79)

The Commission carefully examined the actual and potential water resource impacts of HVHF and
related activities through a comprehensive review of the literature, including an analysis of cumula-
tive effects performed by the State of New York in its Supplemental Generic Environmental Impact
Statement (NYSDEC, 2015), among others. In addition to this comprehensive literature review, the
Commission undertook an extensive public process and deliberated at length on the matter before
determining that a prohibition on HVHF activities to eliminate adverse impacts on the Basin’s water
resources is required. The Commission believes it has thus met its obligations under the Compact
and implementing regulations to determine the potential effects of HVHF and related activities on
the Basin’s water resources. Notably, in Section 2.6.10 (Other Legal Comments) the Commission ex-
plains that it is not a federal agency subject to the National Environmental Policy Act (“NEPA”), and
thus is not obliged to prepare an environmental impact statement under that law.

With respect to the comments set forth above, numbers 2, 6, and 8 suggest that DRBC is required or
should be required by the Compact and its implementing regulations to perform a cumulative impact
analysis in connection with its proposed rulemaking. In addition to the statement immediately
above, the Commission notes that the term "cumulative impact" appears just once in DRBC’s regula-
tions, in Section 3.10.3 A.2.a.11) of the Delaware River Basin Water Code and the Water Quality Reg-
ulations. There, it refers specifically to the effect of proposed new or expanding point source dis-
charges on water quality in the Commission’s Special Protection Waters (SPW), as measured at spe-
cific control points established by the regulations. Although the Commission may give, and as noted
above here has given, consideration to the totality of expected impacts from HVHF if it were permit-
ted in the DRB, the Commission has discretion to determine the circumstances under which it will
examine cumulative impacts.
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Sections 2.30.4 F. and G. of the Water Code, cited in the comment numbered 2 above, relate solely to
water imports and exports. The comments numbered 1, 3 and 4 above address the potential cumu-
lative impacts of water withdrawals from the Basin or from sub-watersheds of the Basin, and con-
sumptive uses of the Basin’s waters. Notably, the exportation and consumptive use of waters raise
questions involving the timing and location of withdrawals, matters that the Commission does rou-
tinely address on a cumulative basis when it evaluates proposed withdrawals and diversions of sur-
face and ground water. Notably, however, draft Sections 440.4 and 440.5 of the proposed rule relat-
ing to these subject matters are being withdrawn by the Commission from consideration and will be
addressed through separate Commission action.

The comment numbered 5 by the Marcellus Shale Coalition, in reference to surface water withdraw-
als exclusively, suggests that common management tools exist and are effectively employed by the
Susquehanna River Basin Commission to protect the Basin’s resources. However, the commenter’s
notion of “cumulative effect” in this context does not address the water resource risks posed by high
volume hydraulic fracturing that are not comprehensively managed by the SRBC. These include the
risks discussed in Sections 2.3.2.2 through 2.3.2.5 of this Comment and Response Document.

In the comment numbered 7 above, the Delaware Riverkeeper Network (DRN) mentions a 2011
study proposal by the DRBC that was never funded and suggests that DRN has continued to seek
funds to support DRBC’s 2011 proposal. The Commission is unaware of such efforts. Regardless, in
the view of the Commission, our comprehensive literature review, extensive public process and
lengthy deliberation on the matter of protecting the Basin’s water resources from the actual and po-
tential adverse impacts of HVHF and related activities consistent with Commission policies fulfill the
Commission’s responsibilities under the Delaware River Basin Compact to make an informed and
lawful decision in this matter.

2.4 Rule Section 401.35 — Classification of Projects for Review
Under Section 3.8 of the Compact

STATEMENT OF CONCERN (SC-80)

A commenter offered the following objections to DRBC’s proposal to amend its threshold for the re-
view of activities affecting wetlands:

o All alterations to wetlands or marshes, including areas less than 25 acres, and regardless of
whether a state or a federal level review and permit system is in effect, should be subject to
Commission review and action. There is no justification for the Commission’s current review
threshold of 25 acres.

o DRBC [has] more local and immediate information, data, and knowledge of wetlands than the
state or federal agencies. DRBC has the potential for more comprehensive and accurate as-
sessment of proposed disturbances in wetlands and marshes within the Basin than state or
federal agencies and therefore supports DRBC review of these activities.
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RESPONSE (R-80)

The Delaware Riverkeeper Network (DRN) offered comments to the effect of those set forth above
regarding the Commission’s proposal to revise 18 C.F.R. § 401.35(a)(15), establishing the circum-
stances under which a project involving draining, filling or otherwise altering marshes or wetlands
“will be deemed not to have a substantial effect on the water resources of the Basin and is not re-
quired to be submitted under Section 3.8 of the Compact” (18 C.F.R. § 401.35(a)).

The Commission’s 25-acre threshold for the review of projects altering wetlands has been in effect
since its adoption by Resolution No. 1978-10 on June 28, 1978. Because federal and state review and
permit systems for wetland disturbances have long been in place throughout the Basin, the Commis-
sion has reviewed very few projects affecting wetlands since that time. Rather, adhering to the di-
rective of Section 1.5 of the Compact that it “utilize the functions, powers and duties of existing offices
of government ... for the purpose of this compact to the fullest extent it finds feasible and advanta-
geous|[,]” the Commission has consistently relied upon the wetlands review and permitting programs
and expertise of its member state and federal agencies.

The amendments to 401.35(a) included in the Commission’s Notice of Proposed Rulemaking on No-
vember 30, 2017 removed from the text of paragraph 401.35(a)(15) certain express exceptions to
the 25-acre threshold. In few of the global exception retained by paragraph 401.35(c) as amended,
these wetlands-specific exceptions are redundant. With proposed amendments, section 401.35(c)
provides, “Regardless of whether expressly excluded from review by paragraph (a) of this section,
any project or class of projects that in the view of the Commission could have a substantial effect on
the water resources of the Basin may, upon special notice to the project sponsor or landowner, be
subject to the requirement for review under section 3.8 of the Compact.” Accordingly, as under the
original language of paragraph 401.35(a)(15), the Commission may review wetlands disturbances of
fewer than 25 acres if it determines that such review is appropriate under the circumstances of a
particular project proposal. In the view of the Commission, no change to the 25-acre threshold is
warranted, and none was or is now proposed.

STATEMENT OF CONCERN (SC-81)

A commenter suggested that the Commission modify its proposed amendment of 18 C.F.R. §
401.35(a)(18) to make the importation into the Basin of wastewater of any kind in any quantity sub-
ject to the Commission’s review under Section 3.8 of the Compact.

RESPONSE (R-81)

In view of the water quality standards and effluent limits implemented by Basin state agencies and
the DRBC, the Commission historically has deemed importations of wastewater at less than a daily
average rate of 50,000 gallons to have no substantial effect on the Basin’s water resources. See 18
C.F.R.§401.35(a)(18). Since 2009, however, the Commission has in many instances conditioned its
approvals of wastewater discharge projects on a requirement that no importation, treatment and/or
discharge of hydraulic fracturing wastewater may be undertaken by the docket holder without the
Commission’s prior review and approval.
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In part in view of the comments received on the Commission’s draft rules proposed at 18 C.F.R. §
440.2,440.4 and 440.5 concerning transfers of water and/or wastewater into and out of the Basin to
support hydraulic fracturing for the extraction of natural gas from shales, the Commission is with-
drawing proposed sections 440.4 and 440.5 and the related definitions at section 440.2, along with
references to these definitions that it proposed adding to 18 C.F.R. §§ 401.35(a) and (b) regarding
the classification of projects for review under Section 3.8 of the Compact. The Commission will up-
date its regulations concerning transfers of water and wastewater into and out of the Basin under a
separate rulemaking.

STATEMENT OF CONCERN (SC-82)

A commenter suggested that the Commission revise 18 C.F.R. § 401.35(b)(14) to read: "Leachate
treatment and disposal projects associated with landfills and solid waste disposal facilities in the Ba-
sin, landfills and solid waste disposal facilities affecting the water resources of the Basin."

RESPONSE (R-82)

The language at 18 C.F.R. § 401.35(b)(14) is intended to be read in combination with section
401.35(a)(14), to which no change was proposed. The latter provides that landfill projects are
deemed not to have a substantial effect on the water resources of the Basin and thus are not subject
to Section 3.8 review under the Compact,

unless no state-level review and permit system is in effect; broad regional con-
sequences are anticipated; or the standards or criteria used in state level re-
view are not adequate to protect the water of the Basin for the purposes pre-
scribed in the Comprehensive Plan].]

(Emphasis added).

In accordance with the above provision, under certain circumstances landfill projects having a sub-
stantial effect on the Basin’s water resources may be reviewed under Section 3.8. However, because
effective state permit and review systems are in place for landfills, the Commission typically does not
review them, and the proposed change was intended to reflect this. Because the proposed change
appears to have created confusion rather than eliminating it, the change will not be adopted and in-
stead is being withdrawn.

STATEMENT OF CONCERN (SC-83)

The Commission received comments such as those below regarding the effect on 18 C.F.R. §
401.35(b)(15) (the Commission’s existing provision for the review of leachate treatment and dis-
posal projects) of amendments to that provision (re-numbered as § 401.35(b)(14) in the proposed
rule) of two entirely new proposed provisions: § 440.2, defining the terms “produced water,” “cen-
tralized waste treatment facility” and “CWT wastewater,” and § 401.35(b)(18), containing those new

terms.

o The DRBC's proposed new section 18 C.F.R. § 401.35(b)(18) appears to confuse rather than
clarify the application of the DRBC's water quality criteria to leachate. The concept of the
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Centralized Waste Treatment Facility could be interpreted to address the receipt of leachate
at a facility. The DRBC should clarify the intent of this provision.

o The DRBC has proposed a revised provision concerning leachate treatment and solid waste
disposal facilities at § 401.35(b)(14) (formerly (b)(15)). The DRBC proposes changes to the
existing language, which originally related to landfill and solid waste facilities that could im-
pact the DRB's water quality. The new provision can be read to apply to any leachate treat-
ment project located within the Delaware River Basin and associated with a landfill or solid
waste disposal facility in the DRB, or potentially to aleachate treatment facility located within
the DRB that treats leachate from any landfill, whether within the Delaware River Basin or
not. The specific concern is that "leachate treatment projects" is not a defined term.

RESPONSE (R-83)

The DRBC intends to continue to review projects for the discharge of treated leachate when such
discharges meet the thresholds for review established by 18 C.F.R. §§ 401.35(a)(5) and (b)(8), con-
cerning the treatment and discharge of industrial wastewater. As discussed above and elsewhere in
this response to comments, the proposed definition of “centralized waste treatment facility” in new
§ 440.2 and all references to this definition in §§ 401.35(a) and (b) are being withdrawn, as are
§§ 440.4 and 440.5 in their entirety. The topics of water exportation and wastewater importation
will be addressed through one or more separate Commission actions. Facilities for the treatment and
discharge of leachate will continue to be regulated by the DRBC under existing thresholds for the
review of facilities for the treatment and discharge of industrial wastewater or domestic wastewater
comingled with industrial wastewater.

2.5 Rule Section 401.43 — Regulatory Program Fees

The Commission received no comments on its proposed amendments to 18 C.F.R. § 401.43.

Consistent with the Commission’s withdrawal of proposed § 440.5 (Produced water), the proposed
amendments to § 401.35 to establish fees for “wastewater treatability reviews” are not included in
the final rules.

2.6 Other Comments Related to the Rules

2.6.1 Public Health

STATEMENT OF CONCERN (SC-84)

Numerous commenters expressed concerns about the substances used and generated during uncon-
ventional oil and gas development, their toxicity, the pathways of exposure, and ultimately, the po-
tential for adverse public health effects resulting from exposure to these substances.
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Other commenters suggested that the Commission’s sources regarding adverse health effects associ-
ated with HVHF are flawed, politically motivated, and lacking in scientific validity. Some asserted that
the more reliable studies and reports conclude there is no discernible negative public health impact
resulting from hydraulic fracturing or that public health conditions have improved as a result of

HVHF.

Commenters including private citizens, environmental advocacy groups, municipalities within the
Basin, and the New York State Office of the Attorney General, who expressed support for Section
440.3 of the draft rule banning high volume hydraulic fracturing within the Basin, offered comments
along the lines of those quoted or paraphrased below:

O

Numerous published studies (around 1,300) show that a variety of activities associated with
hydraulic fracturing and extraction of natural gas threaten drinking water and put public
health at risk.

A compendium published by Concerned Health Professionals of New York and Physicians for
Social Responsibility stated that 685 peer-reviewed papers examining gas drilling and/or hy-
draulic fracturing were reviewed, and an overwhelming majority found evidence of or poten-
tial adverse impacts on water, air, and human health.

“There is no evidence that fracking can operate without threatening public health directly or
without imperiling climate stability upon which public health depends.” (CHPNY and PSR,
2018, p. 266).

The environmental risks (air and water pollution) from gas wells and the associated threats
to public health and safety are disproportionately borne by those who reside, work, or go to
school in, or otherwise frequent areas in proximity (within approximately two (2) miles) of
natural gas well pads. Studies show that those residing closest to well pads have greater ex-
posure and are more likely to develop disease and health problems.

After exhaustive study, the State of New York prohibited fracking based on an environmental
and public health analysis. The New York State Department of Health concluded that the over-
all weight of the evidence demonstrated the likelihood that adverse health outcomes and en-
vironmental impacts from fracking could not be prevented, leading to a statewide ban on high
volume hydraulic fracturing. The State of Maryland permanently banned fracking after two
years of study, based on the potential for adverse public health and environmental impacts.

As fracking has increased nationwide, the negative health impacts of this practice are becom-
ing apparent. Fracking uses large amounts of many toxic chemicals and produces large
amounts of toxic and radioactive wastes and these have impacted ground water and aquifers,
and thus the health of residents. In order to protect the health of the residents of the Delaware
River Basin, fracking must be banned.

Historically, humans have embraced new technologies with little or no evidence as to the del-
eterious effects that could result, only to learn later about the risks and human costs and how
they can be eliminated or minimized. We cannot be too careful with a water source which has
the potential to affect the health of so many individuals and communities.
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The following paraphrased statements are representative of those expressing opposition to draft
Section 440.3 of the rule (which prohibits high volume hydraulic fracturing within the Basin) and to
assertions that hydraulic fracturing may have adverse impacts on human health:

o Public health conditions have improved as a result of the economic benefits realized from
Marcellus Shale resource development/hydraulic fracturing, as indicated by:

- Reduced mortality rates in the six (6) Pennsylvania counties where fracking operations
are most prevalent.

- Asthma rates and hospitalizations and mortality rates have fallen following extensive
shale development.

o Research conducted by epidemiologists and public health experts around the world proves
that there is no rational public health basis for prohibiting natural gas development in the
Basin. The documented public health benefits of natural gas development, including reduced
mortality rates, can be tied directly to the economic benefits realized from Marcellus Shale
resource extraction.

o In the Susquehanna River Basin, many of the studies being used as evidence of harm in fact
show no causation and rely on assumptions without any actual samples. Contrary to the as-
sertions made by the authors of these studies, asthma rates and hospitalizations have fallen.

RESPONSE (R-84)

Research that strives to better understand the relationship between high volume hydraulic fractur-
ing (HVHF) activities and public health is ongoing. The Commission finds that the science on this
very important topic continues to emerge and there is much more to learn than is currently known.
As regards the comment suggesting that HVHF has not been identified as the direct cause of a specific
adverse public health outcome, it is critical to note much of the published literature on the subject
points to associative relationships between the environmental threats posed by HVHF and public
health. This is not a limitation of the current body of knowledge on this subject nor is it unique to
HVHF compared to other public health risks; rather, it is consistent with epidemiologic research, gen-
erally, in that such studies allow for the direct observation of association rather than cause.

The protection of public health is an inherent benefit of the Commission’s water resource manage-
ment and protection programs. In accordance with Section 5.2 of the Compact, protection of public
health from existing or future pollution of water resources is a factor the Commission may and did
consider in connection with adoption of the Final Regulation. For the reasons discussed in this Sec-
tion and elsewhere in the Comment and Response Document, the risks to public health support the
Final Regulation. Nevertheless, the DRBC is primarily an interstate and federal water resource man-
agement agency, not a public health agency. In many instances, commenters on the Commission’s
draftregulations addressed public health matters that are not, or may not be, water resource-related.
While the Commission acknowledges these broader concerns, our focus continues to be the coordi-
nated management of shared water resources consistent with the Commission’s Comprehensive Plan
for the immediate and long-range development and uses of the water resources of the Basin. See,
Compact § 3.2(a).
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In considering the comments submitted on the subject of public health outcomes associated with
HVHF, the Commission and its staff have reviewed the scientific literature on this subject. A con-
sistent theme that emerges from the research on this topic is that HVHF on a broad scale is relatively
young, particularly in Pennsylvania. Although some known toxic and persistent chemicals and other
substances are used and/or brought to the surface during HVHF activities, published information
does not exist on the biodegradability and toxicity of many of the more than 1,000 chemicals used in
and/or generated by hydraulic fracturing projects (Stringfellow et al, 2014). More importantly for
considerations related to public health, toxicity and associated human health effect values have been
established for only a small subset (~11 percent) of these substances, according to the EPA (U.S. EPA,
20164, p. 9-1). Despite the paucity of data, the known health effects associated with chronic oral ex-
posure to some of these chemicals include carcinogenicity, neurotoxicity, immune system effects,
changes in body weight, changes in blood chemistry, liver and kidney toxicity, and reproductive and
developmental toxicity (U.S. EPA, 2016a, p. 9-1). The limitations of the then-current science were
acknowledged by the New York State Department of Health in 2014 when it reported:

Comprehensive, long-term studies, and in particular longitudinal studies, that
could contribute to the understanding of those relationships are either not yet
completed or have yet to be initiated.

(NYSDOH, 2014, p. 11). In a similar vein, the EPA in its 2016 report on the impacts of the hydraulic
fracturing water cycle on drinking water resources stated:

Although none of these studies demonstrate a direct effect of hydraulic frac-
turing activity on human health, and none of the epidemiological studies pro-
vided measures of individual or population level exposures or differentiated
between drinking water contamination and other potential routes of expo-
sure (e.g., air pollution), all are suggestive of a relationship between uncon-
ventional oil and gas development and adverse health outcomes.

(US. EPA, 2016a, p. 9-7).

Pointing to evidence of a correlation between proximity to hydraulic fracturing activity and increased
public health risks, Xu et al. report in 2019:

Although monitoring data on HF-related chemicals in water resources are not
widely available, the rapid growth in the application of HF has raised great
concerns about the potential impacts of HF-related water contamination on
human health. It is increasingly common that the sites of HF mostly are lo-
cated near residency and drinking water resources. For example, more than
9.4 million population lived within one mile of a HF well and approximately
6,800 sources of drinking water for public water systems were located within
one mile of at least one HF well between 2000 and 2013. These facts increase
the chance of potentially exposing people to the HF-related water contamina-
tion. Existing studies have reported that people living in close proximity to
shale gas facilities have increased risks of health problems such as adverse
pregnancy outcomes, dermal and respiratory conditions, and psychological
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change, yet the potential carcinogenic effects of HF-related chemicals have
rarely been studied.

(Xuetal, 2019).

The totality of the risks, vulnerabilities, impacts and uncertainties discussed throughout this com-
ment and response document support the Commission’s determination that prohibiting high volume
hydraulic fracturing within the Delaware River Basin is required to effectuate the Comprehensive
Plan, avoid injury to the waters of the Basin as contemplated by the Comprehensive Plan and protect
the public health and preserve the waters of the Basin for uses in accordance with the Comprehensive
Plan. Inherentin the protection of those uses, which include drinking water, is the protection of pub-
lic health and safety.

NEW YORK STATE DEPARTMENT OF HEALTH (NYSDOH) PuBLIC HEALTH REVIEW OF HIGH VOLUME
HYDRAULIC FRACTURING

The New York State Department of Environmental Conservation in 2012 requested that the New
York State Department of Health review and assess the analysis of public health impacts contained
in the former’s Draft Supplemental Generic Environmental Impact Statement (“SGEIS”) on HVHF. In
conducting its review, the NYSDOH evaluated whether the available scientific and technical infor-
mation provided an adequate basis for understanding the likelihood and magnitude of the risk of
adverse public health impacts from HVHF activities in New York State. The NYSDOH reviewed, among
other things, “how HVHF activities could result in human exposure to: (i) contaminants in air or wa-
ter; [and] (ii) naturally occurring radiological materials that result from HVHF activities .... DOH
also reviewed whether those exposures may result in adverse public health outcomes.” (NYSDOH,
2014, pp. 2-3). The NYSDOH’s initial 2014 assessment was expanded:

to consider, more broadly, the current state of science regarding HVHF and
public health risks. This required an evaluation of the emerging scientific in-
formation on environmental public health and community health effects. This
also required an analysis of whether such information was sufficient to deter-
mine the extent of potential public health impact of HVHF activities in NYS
and whether existing mitigation measures implemented in other states are
effectively reducing the risk for adverse public health impacts.

(Id, p. 3.). As aresult of this expanded review, the NYSDOH concluded that:

the overall weight of the evidence from the cumulative body of information
contained in this Public Health Review demonstrates that there are significant
uncertainties about the kinds of adverse health outcomes that may be associ-
ated with HVHF, the likelihood of the occurrence of adverse health outcomes,
and the effectiveness of some of the mitigation measures in reducing or pre-
venting environmental impacts which could adversely affect public health.
Until the science provides sufficient information to determine the level of risk
to public health from HVHF to all New Yorkers and whether the risks can be
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adequately managed, NYSDOH recommends that HVHF should not proceed in
New York State.

Id, p. 2; also see, id., pp. 11-12.

Additional discussion of NYSDOH’s report is contained in Section 2.3.1.2, New York State Reports, of
this Comment and Response Document.

NEW YORK STATE FINAL SUPPLEMENTAL GENERAL ENVIRONMENTAL IMPACT STATEMENT (FINAL
SGEIS)

The comprehensive analysis that led to New York State’s determination to prohibit HVHF began
when the state saw the rapid expansion of hydraulic fracturing in the Marcellus and Utica Shale for-
mations and recognized the potential for natural gas development to spread rapidly across a large
area of south-central New York before its potential impacts on public health and the environment
were fully understood. In response, the NYSDEC undertook an exhaustive assessment of the potential
environmental impacts associated with HVHF. NYSDEC’s analysis included consideration of a range
of regulatory standards and mitigation measures that might be implemented to reduce potential ad-
verse impacts of HVHF on the environment and public health. As discussed above, NYSDEC consulted
and coordinated with NYSDOH in this undertaking. The decision to prohibit HVHF within New York
was made in part on the basis of the risks and significant uncertainties reported in scientific and
medical studies and other literature, in the interest of protecting public health, safety and the envi-
ronment. A more thorough discussion of New York State’s evaluation and decision-making on HVHF
is included in Section 2.3.1.2, New York State Reports.

U.S. ENVIRONMENTAL PROTECTION AGENCY HYDRAULIC FRACTURING IMPACTS ON DRINKING
WATER RESOURCES STUDY

EPA has acknowledged that its 2016 report does not constitute a human health risk assessment, as
EPA lacked the information required to fully characterize exposure and risk. However, Chapter 9,
“Identification and Hazard Evaluation of Chemicals across the Hydraulic Fracturing Water Cycle,” of
the agency’s 2016 study on HVHF impacts to drinking water resources provides an overview of iden-
tified hazards and a dose-response assessment for chemicals used in HVHF (U.S. EPA, 20164, p. 9-4).
One of the central findings of the chapter follows:

Overall, while combined evidence suggests hydraulic fracturing has the po-
tential to impact human health via contamination of drinking water re-
sources, the actual public health impacts are not well understood and not well
documented. Available information indicates there are many chemicals
within the hydraulic fracturing water cycle that are known to be hazardous to
human health, as well as hundreds of chemicals for which toxicological data
is limited or unavailable.

(U.S. EPA, 20164, p. 9-8). EPA identified 1,606 chemicals associated with the hydraulic fracturing
water cycle, including 1,084 used in hydraulic fracturing fluids and 599 more detected in produced
water (see id,, p. 9-1). EPA also identified chronic oral toxicity values for 98 of the 1,084 chemicals
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reportedly used in hydraulic fracturing fluids between 2005 and 2013 (see id., p. 9-16).3% Despite the
incomplete research on this topic, EPA found that the human health effects associated with chronic
oral exposure to many of these chemicals include carcinogenicity, neurotoxicity, immune system ef-
fects, changes in body weight, changes in blood chemistry, liver and kidney toxicity, and reproductive
and developmental toxicity (see id., p. 9-1). EPA further concluded that “the majority of chemicals
associated with hydraulic fracturing activity have not undergone significant toxicological assess-
ment” (id,, p. 9-22).

In its 2016 report, EPA listed several studies that in its view highlighted an increasing potential for
significant public health and environmental impacts based on the increase in hydraulic fracturing
operations: Goldstein et al. (2014), Finkel et al. (2013), Korfmacher et al. (2013), and Weinhold
(2012). (Id, p. 9-6). Other studies that EPA identified as supporting an association between HVHF
and adverse public health effects, and their findings, in brief, include:

e An epidemiological study in Colorado demonstrated that residential proximity of pregnant
mothers to natural gas wells is associated with an increased incidence of congenital heart
defects, and, to a lesser extent, neural tube malformations (McKenzie et al, 2014).

e Asimilar study in Pennsylvania found pregnant mothers living closer to unconventional nat-
ural gas wells were more likely to have infants that were small for gestational age, with lower
birth weights compared to infants from mothers living farther from wells (Stacy et al, 2015).

o Residential proximity to natural gas wells in the Marcellus Shale is associated with an in-
crease in the number of self-reported health symptoms, particularly upper respi