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Chapter 1 INTRODUCTION
1.1 Description of the Proposed Action

The Department of Environmental Conservation ("DEC" or "Department") has received
applications for permits to drill horizontal wells to evaluate and develop the Marcellus Shale for
natural gas production. Wells will undergo a stimulation process known as hydraulic fracturing,
which functions to release gas embedded in shale deep below the surface. While the horizontal
well applications received to date are for proposed locations in Chemung, Chenango, Delaware
and Tioga Counties, the Department expects to receive applications to drill in other areas,
including counties where natural gas production has not previously occurred. There is also
potential for development of the Utica Shale using horizontal drilling and high-volume hydraulic
fracturing, and the Department is aware that this could bring use of those techniques to areas
such as Otsego and Schoharie Counties, which would also be new to natural gas development.
Other shale and low-permeability formations in New York may be targeted for future application
of horizontal drilling and hydraulic fracturing if Marcellus and Utica development using this
method is successful and the requisite infrastructure is in place. The Department has prepared
this draft Supplemental Generic Environmental Impact Statement ("dSGEIS") to satisfy the
requirements of the State Environmental Quality Review Act ("SEQRA") for most of these
anticipated operations. In reviewing and processing permit applications for horizontal drilling
and hydraulic fracturing in these deep, low-permeability formations, DEC will apply the findings
and requirements of the SGEIS, including criteria and conditions for future approvals, in
conjunction with the existing Generic Environmental Impact Statement (GEIS) on the Oil, Gas
and Solution Mining Regulatory Program.’

" The GEIS is posted on the Department’s website at http://www.dec.ny.gov/energy/45912.html .
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1.2 Regulatory Jurisdiction

The State of New York’s official policy, enacted into law, is "to conserve, improve and protect
its natural resources and environment . . ,"* and it is the Department’s responsibility to carry out
this policy. As set forth in Environmental Conservation Law ("ECL") §3-0301(1), the
Department’s broad authority includes, among many other things, the power to:

*manage natural resources to assure their protection and balanced utilization,
sprevent and abate water, land and air pollution, and
sregulate storage, handling and transport of solids, liquids and gases to prevent pollution.

The Department regulates the drilling, operation and plugging of oil and natural gas wells to
ensure that activities related to these wells are conducted in accordance with statutory mandates
found in the ECL. In addition to protecting the environment and public health and safety, the
Department is also required by Article 23 of the ECL to prevent waste of the State’s oil and gas
resources, to provide for greater ultimate recovery of the resources, and to protect correlative
rights.” ECL §23-0303(2) provides that DEC’s Oil, Gas and Solution Mining Law supersedes all
local laws relating to the regulation of oil and gas development except for local government
jurisdiction over local roads and the right to collect real property taxes. Likewise, ECL §23-
1901(2) provides for supercedure of all other laws enacted by local governments or agencies
concerning the imposition of a fee on activities regulated by Article 23.

As reflected by ECL §23-2101, New York is a member of the Interstate Compact to Conserve
Oil and Gas, and is bound with other states by statutory adoption of the compact to participate in
the mission of the Interstate Oil and Gas Compact Commission ("[OGCC") of promoting
conservation and efficient recovery of domestic oil and natural gas resources, while protecting
health, safety and the environment. The IOGCC advocates state-level regulation of oil and gas
resources and promotes regulatory coordination and government efficiency. New York actively
participates in meetings in which states, industry, environmentalists and federal officials share
information and perspectives on emerging technologies and environmental issues. The IOGCC’s
work focuses on developing and implementing sound regulatory practices that maximize oil and
natural gas production, minimize the waste of irreplaceable resources, and protect human and
environmental health.

1.3 Project Location

The SGEIS and its Findings will be applicable to onshore oil and gas well drilling statewide, as
are the existing GEIS and Findings. The prospective region for the extraction of natural gas
from Marcellus and Utica Shales has been roughly described as an area extending from

2 Environmental Conservation Law (ECL) §1-0101(1)

3Correlative rights are the rights of mineral owners to receive or recover oil and gas, or the equivalent thereof, from their owned
tracts without drilling unnecessary wells or incurring unnecessary expense.
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Chautauqua County eastward to Greene, Ulster and Sullivan Counties, and from the
Pennsylvania border north to the approximate location of the east-west portion of the New York
State Thruway between Schenectady and Auburn. However, sedimentary rock formations which
may someday be developed by horizontal drilling and hydraulic fracturing exist from the
Vermont/Massachusetts border up to the St. Lawrence/Lake Champlain region and west along
Lake Ontario to Lake Erie. Drilling will not occur on State-owned lands which constitute the
Adirondack and Catskill Forest Preserves because of the State Constitution’s requirement that
Forest Preserve lands be kept forever wild and not be leased or sold. In addition, the subsurface
geology of the Adirondacks, New York City and Long Island renders drilling for hydrocarbons
in those areas unlikely.

1.4 State Environmental Quality Review Act

1.4.1 Generic Environmental Impact Statement (GEIS)

The Department’s SEQRA regulations, available at http://www.dec.ny.gov/regs/4490.html,
authorize the use of generic environmental impact statements to assess the environmental
impacts of separate actions having generic or common impacts. A generic environmental impact
statement and its findings “set forth specific conditions or criteria under which future actions will
be undertaken or approved, including requirements for any subsequent SEQR compliance.”
When a final generic environmental impact statement has been filed, “no further SEQR
compliance is required if a subsequent proposed action will be carried out in conformance with
the conditi;)ns and thresholds established for such actions” in the generic environmental impact
statement.

Drilling and production of separate oil and gas wells, and other wells regulated under the Oil,
Gas and Solution Mining Law (Article 23 of the Environmental Conservation Law) have
common impacts. After a comprehensive review of all the potential environmental impacts of
oil and gas drilling and production in New York, the Department found in the 1992 GEIS that
issuance of a standard, individual oil or gas well drilling permit anywhere in the state, when no
other permits are involved, does not have a significant environmental impact.® A separate finding
was made that issuance of an oil and gas drilling permit for a surface location above an aquifer is
also a non-significant action, based on special freshwater aquifer drilling conditions implemented
by the Department.

However, the Department also found in 1992 that issuance of a drilling permit for a location in a
State Parkland, in an Agricultural District, or within 2,000 feet of a municipal water supply well,
or for a location which requires other DEC permits, may be significant and requires a site-
specific SEQRA determination. The only instance where issuance of an individual permit to
drill an oil or gas well is always significant and always requires a Supplemental Environmental

*6 NYCRR 617.10(c)
56 NYCRR 617.10(d)(1)

® hitp://www.dec.ny.gov/energy/45912.html
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Impact Statement ("SEIS") is when the proposed location is within 1,000 feet of a municipal
water supply well. Well stimulation, including hydraulic fracturing, was expressly identified and
discussed in the GEIS as part of the action of drilling a well, and the GEIS does not recommend
any additional regulatory controls or find a significant environmental impact associated with this
technology, which has been in use in New York State for at least 50 years.

The 1992 findings were the culmination of a 12-year effort which included extensive public
scoping and research by Department staff, followed by public comment and hearings on the
Draft GEIS. Major issues identified through the previous scoping process and addressed in the
GEIS, as listed on page 3 of the Draft GEIS, were: impacts on water quality; impacts of drilling
in sensitive areas, such as Agricultural Districts, areas of rugged topography, wetlands, drinking
water watersheds, freshwater aquifers and other sensitive habitats; impacts caused by drilling and
production wastes; impacts on land use; socioeconomic impacts; impacts on cultural resources
and impacts on endangered species and species of concern.

1.4.2 Supplemental Generic Environmental Impact Statement (SGEIS)

The SEQRA regulations require preparation of a supplement to a final GEIS if a subsequent
proposed action may have one or more significant adverse environmental impacts which were
not addressed.” In 2008, the Department determined that some aspects of the current and
anticipated application of horizontal drilling and high-volume hydraulic fracturing warrant
further review in the context of a Supplemental Generic Environmental Impact Statement.
This determination was based primarily upon three key factors: (1) required water volumes in
excess of GEIS descriptions, (2) possible drilling in the New York City Watershed, in or near the
Catskill Park, and near the federally designated Upper Delaware Scenic and Recreational River,
and (3) longer duration of disturbance at multi-well drilling sites. These factors and other
potential impacts were listed in a publicly vetted Scope for the SGEIS. Public scoping sessions
were held in November and December, 2008, at six venues in the Southern Tier and Catskills. A
total of 188 verbal comments were received at these sessions. In addition, over 3,770 written
comments were received (via e-mail, mail, or written comment card). All of these comments
were read and reviewed by Department staff and the Final Scope was completed in February of
2009, outlining the detailed analysis required for a thorough understanding of the potentially
significant environmental impacts of horizontal drilling and high-volume hydraulic fracturing in
low-permeability shale.

76 NYCRR 617.10(d)(4)
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1.4.3 Well Permit Applications and the Environmental Review Process

The Department’s 1992 Findings Statement® describes the well permit and attendant
environmental review processes. Each application to drill a well is an individual project, and the
size of the project is defined as the surface area affected by development. The Department,
which has had exclusive statutory authority since 1981 to regulate oil and gas development
activities, is lead agency for purposes of SEQRA compliance.

The 1992 Findings authorized use of a shortened, program-specific environmental assessment
form ("EAF"), which is required with every well drilling permit application.” The EAF and well
drilling application form'® do not stand alone, but are supported by the four-volume GEIS, the
applicant’s well location plat, proposed site-specific drilling and well construction plans,
Department staff's site visit, and GIS-based location screening, using the most current data
available. DEC’s Oil and Gas staff consults and coordinates with staff in other Department
programs when site review and the application documents indicate an environmental concern or
potential need for another Department permit.

When the application documents described above demonstrate conformance with the GEIS,
SEQRA is satisfied and no Determination of Significance or Negative or Positive Determination
under SEQRA is required. In that event Staff files a record of consistency with the GEIS. For
the permit issuance actions identified in the Findings Statement as potentially significant, or
other projects where circumstances exist that prevent a consistency determination, the
Department’s Full Environmental Assessment Form'' is required and a site specific
determination of significance is made. Examples since 1992 where this determination has been
made include underground gas storage projects, well sites where special noise mitigation
measures are required, well sites that disturb more than two and a half acres in designated
Agricultural Districts, and geothermal wells drilled in proximity to New York City water tunnels.
Wells closer than 2,000 feet to a municipal water supply well would also require further site-
specific review, but none have been permitted since 1992.

Following publication of a final SGEIS, application documents that do not demonstrate
conformance with both the GEIS and the SGEIS will be subject to further SEQRA
determinations, as set forth in the GEIS and SGEIS.

8http://www.dcc.n\/.,qov/docs/matcriz;llsfrnincrals pdf/geisfindorig.pdf

ghttp://www.dec.nv. gov/docs/materials_minerals_pdf/eaf dril.pdf

1 http://www.dec.ny.gov/docs/materials_minerals_pdf/dril_req.pdf

"http://www.dec.ny.gov/docs/permits_ej_operations_pdf/longeaf.pdf
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Chapter 2 DESCRIPTION OF PROPOSED ACTION

The proposed action is the Department’s issuance of permits to drill, deepen, plug back or

convert wells for horizontal drilling and high-volume hydraulic fracturing in the Marcellus Shale

and other low-permeability natural gas reservoirs. This SGEIS is focused on topics not

addressed by the original GEIS, with emphasis on potential impacts associated with the large

volumes of water required to hydraulically fracture horizontal shale wells using the slick water

fracturing technique and the disturbance associated with multi-well sites.

2.1 Purpose

As stated in the 1992 GEIS, a generic environmental impact statement is used to evaluate the

environmental effects of a program having wide application and is required for direct

programmatic actions undertaken by a State agency. The SGEIS will address new activities or

new potential impacts not addressed by the original GEIS and will set forth practices and
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mitigation designed to reduce environmental impacts to the maximum extent practicable. The
SGEIS and its findings will be used to satisfy SEQR for the issuance of permits to drill, deepen,

plug back or convert wells for horizontal drilling and high volume hydraulic fracturing.

2.2 Public Need and Benefit

The exploration and development of natural gas resources serves the public’s need for energy
while providing economic and environmental benefits. Natural gas consumption comprises
about 23 percent of the total energy consumption in the United States. Natural gas is used for
many purposes: home space and water heating; cooking; commercial and industrial space
heating; commercial and industrial processes; as a raw material for the manufacture of fertilizer,
plastics, and petrochemicals; as vehicle fuel; and for electric generation. Over 50 percent of the
homes in the United States use natural gas as the primary heating fuel. In 2008 U.S. natural gas
consumption totaled about 23.2 trillion cubic feet, nearly matching the peak consumption of 23.3

trillion cubic feet reached in 2000."

New York is the fourth largest natural gas consuming state in the nation using about 1,200

billion cubic feet of natural gas per year and accounting for about five percent of U.S. demand.’

In 2008 New York’s 4.3 million residential customers used about 393 billion cubic feet of
natural gas or 33 percent of total statewide gas use. The State’s 400,000 commercial customers
used about 292 billion cubic feet or 25 percent of total natural gas use. Natural gas consumption
in the residential and commercial sectors in New York represents a larger proportion of the total
consumption than U.S. consumption for those sectors (21 and 13 percent, respectively). The
primary use of natural gas in New York for residential and small commercial customers is for
space heating and is highly weather sensitive. The State’s natural gas market is winter peaking
with over 70 percent of residential and 60 percent of commercial natural gas consumption

occurring in the five winter months (November through March).?

! Draft New York State Energy Plan, August 2009, p.6
? Draft New York State Energy Plan, August 2009, p.7
3 Draft New York State Energy Plan, August 2009
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Since natural gas is a national market, developments nationwide regarding gas supply are critical
to the State. U.S. natural gas dry production totaled 20.5 trillion cubic feet in 2008, which was 6
percent higher than in 2007. About 98 percent of the natural gas produced in the United States
comes from production areas in the lower 48 states. The overall U.S. dry natural gas production
has been relatively flat over much of the last ten years. However, in the past few years, there has
been a significant shift in gas supplies from conventional or traditional supply areas and sources
to unconventional or new supply areas and sources. U.S. natural gas production from traditional,
more mature and accessible natural gas supply basins, has steadily declined. However, this has
been offset by increased drilling and production from new unconventional gas supply areas. In
2008 natural gas production from new supply resources totaled about 10.4 trillion cubic feet

(28.5 billion cubic feet per day) or about 51 percent of the total U.S. dry natural gas production.*

The increased production from unconventional resources is primarily from tight sands, coal-bed
methane, and shale formations. The Rocky Mountain Region is the fastest growing region for
tight sands natural gas production and the predominate region for coal-bed methane natural gas
production in the United States. There are at least 21 shale gas basins located in over 20 states in
the United States. Currently, the most prolific shale producing areas in the country are in the
southern US and include the Barnett Shale area in Texas, the Haynesville Shale in Texas and
Louisiana, the Woodford Shale in Oklahoma, and the Fayetteville Shale in Arkansas. In the
Appalachian region, which extends into New York, the Marcellus Shale is expected to develop
into a major natural gas production area. Proven natural gas reserves for the United States
totaled over 237 trillion cubic feet at the end of 2007, an increase of about 12 percent over 2006
levels. The increase in reserves was the ninth year in a row that U.S. natural gas proven reserves

have increased.’

Over 95 percent of the natural gas supply required to meet the demands of New York natural gas
customers is from other states, principally the Gulf Coast region, and Canada. The gas supply is

brought to the New York market by interstate pipelines that move the gas from producing and

* Draft New York State Energy Plan, August 2009, p.9
> Draft New York State Energy Plan, August 2009, p.11
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storage areas for customers, such as local distribution companies (LDCs) and electric generators,

who purchase the gas supplies from gas producers and marketers.

New York natural gas production supplies about 5 percent of the State’s natural gas
requirements. Currently, there are about 6,700 active natural gas wells in the State. For the 2008
calendar year, total reported State natural gas production was 50.3 billion cubic feet, down 9
percent from the 2006 record total of 55.2 billion cubic feet. These figures represent an increase

of over 200 percent since 1998 (16.7 billion cubic feet).°

The Marcellus Shale formation is attracting attention as a significant new source of natural gas
production. The Marcellus Shale extends from Ohio through West Virginia and into
Pennsylvania and New York. In New York, the Marcellus Shale is located in much of the
Southern Tier stretching from Chautauqua and Erie counties in the west to the counties of
Sullivan, Ulster, Greene and Albany in the east. According to Penn State University, the
Marcellus Shale is the largest known shale deposit in the world. Engelder and Lash (2008) first
estimated gas-in-place to be between 168 and 500 trillion cubic feet with a recoverable estimate
of 50 tcf. While it is very early in the productive life of Marcellus Shale wells, the most recent
estimates by Engelder using well production decline rates indicate a 50 percent probability that

recoverable reserves could be as high as 489 trillion cubic feet.’

In Pennsylvania, where Marcellus Shale development is underway, Penn State found that the
Marcellus gas industry generated $2.3 billion in total value, added more than 29,000 jobs, and
$240 million in state and local taxes in 2008. With a substantially higher pace of development
expected in 2009, economic output will top $3.8 billion, state and local tax revenues will be

more than $400 million, and total job creation will exceed 48,000.°

The Draft 2009 New York State Energy Plan recognizes the potential benefit to New York by

development of the Marcellus Shale natural gas resource:

® Draft New York State Energy Plan, August 2009, p.14
7 Considine et al., 2009 p.2.
8 Considine et al., 2009 p. 31.
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Production and use of in-state energy resources — renewable resources and natural
gas — can increase the reliability and security of our energy systems, reduce
energy costs, and contribute to meeting climate change, public health and
environmental objectives. Additionally, by focusing energy investments on in-
state opportunities, New York can reduce the amount of dollars “exported” out of
the State to pay for energy resources.’

The Draft Energy Plan further includes a recommendation to encourage development of the
Marcellus Shale natural gas formation with environmental safeguards that are protective of water
supplies and natural resources.

The New York State Commission on State Asset Maximization recommends that “Taking into
account the significant environmental considerations, the State should study the potential for new
private investment in extracting natural gas in the Marcellus Shale on State-owned lands, in
addition to development on private lands.” Depending on the geology, a typical horizontal well
in the Marcellus Shale (covering approximately 80 acres) may produce 1.0 to 1.5 bef (billion
cubic feet) of gas cumulatively over the first five years in service. At a natural gas price of $6 per
mcf, a 12.5 percent royalty could result in royalty income to a landowner of $750,000 to over $1

million over a five-year period."’

The Final report concludes that an increase in natural gas supplies would place downward
pressure on natural gas prices, improve system reliability and result in lower energy costs for
New Yorkers. In addition, natural gas extraction would create jobs and increase wealth to
upstate landowners, and increase State revenue from taxes and landowner leases and royalties.
Development of State-owned lands could provide much needed revenue relief to the State and

spur economic development and job creation in economically depressed regions of the State.'?

Broome County, New York commissioned a study entitled Potential Economic and Fiscal

Impacts from Natural Gas Production in Broome County, New York which was released in July

 New York State Energy Planning Board, August 2009
1" New York State Energy Planning Board, August 2009
' New York State Commission on State Asset Maximization, June, 2009

12 New York State Commission on State Asset Maximization, June, 2009
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2009. The report details significant potential economic impacts on the Greater Binghamton

Region:
Economic and Fiscal Impacts of Gas Well Drilling Activities
In Broome County, New York Over 10 Years®
Impact Impact
Description 2,000 Wells 4,000 Wells

Total Spending $ 7,000,000,000 $ 14,000,000,000
Total Economic Activity $ 7,648,652,000 $ 15,297,304,000
Total Wages, Salaries, Benefits (labor income) $ 396,436,000 $ 792,872,000
Total Employment (person years) 8,136 16,272
Total Property Income* $ 605,676,000 $ 1,211,352,000
State Taxes $ 22,240,000 $ 44,480,000
Local Taxes" $ 20,528,000 $ 41,056,000

*Includes royalties, rents, dividends, and corporate profits. + Includes sales, excise, property
taxes, fees, and licenses.

The local economic impacts are already being realized in some cases as exploration companies
continue to lease prospective acreage in the Southern Tier and as oil and gas service companies
seek to locate in the heart of the activity to better serve their customers. News reports on June
20, 2009, detailed the terms of a lease agreement between Hess Corporation and a coalition of
landowners in the Towns of Binghamton and Conklin. The coalition represents some 800
residents who control more than 19,000 acres. The lease provides bonus payments of $3,500 per
acre and a royalty of 20 percent. On August 26, 2009, it was reported that in Horseheads, New
York, Schlumberger Technology Corporation is planning to build a $30 million facility to house
$120 million worth of equipment and technology to service oil and gas exploration companies in
the Southern Tier and Northern Pennsylvania. The facility will become the company’s northeast

headquarters.

According to Penn State, natural gas will play a pivotal role in the transformation of our

economy to achieve lower levels of greenhouse gas (GHG) emissions. Natural gas has lower

13 Broome County, 2009.
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carbon emissions than both coal and oil, so that any displacement of these fuels by natural gas to

supply power plants and other end-users will produce a reduction in GHG."*

2.3 Project Location

The SGEIS, along with the original GEIS, is applicable to onshore oil and gas well drilling
statewide. Sedimentary rock formations which may someday be developed by horizontal drilling
and hydraulic fracturing exist from the Vermont/Massachusetts border up to the St.
Lawrence/Lake Champlain region, west along Lake Ontario to Lake Erie and across the Southern
Tier and Finger Lakes regions. Drilling will not occur on State-owned lands in the Adirondack
and Catskill Forest Preserves because of the State Constitution’s requirement that Forest
Preserve lands be kept forever wild and not be leased or sold. In addition, the subsurface
geology of the Adirondacks, New York City and Long Island renders drilling for hydrocarbons

in those areas unlikely.

The prospective region for the extraction of natural gas from Marcellus and Utica Shales has
been roughly described as an area extending from Chautauqua County eastward to Greene,
Ulster and Sullivan counties, and from the Pennsylvania border north to the approximate location
of the east-west portion of the New York State Thruway between Schenectady and Auburn. The

maps in Chapter 4 depict the prospective area.

2.4 Environmental Setting

Environmental resources discussed in the GEIS with respect to potential impacts from oil and
gas development include: waterways/waterbodies; drinking water supplies; public lands; coastal
areas; wetlands; floodplains; soils; agricultural lands; intensive timber production areas;
significant habitats; areas of historic, architectural, archeological and cultural significance; clean
air and visual resources."” Further information is provided below regarding specific aspects of
the environmental setting for Marcellus and Utica Shale development and high-volume hydraulic

fracturing that were determined during Scoping to require attention in the SGEIS.

' Considine et al., p. 2

'3 GEIS, Chapter 6 provides a broad background of these environmental resources, including the then-existing legislative
protections, other than SEQRA, guarding these resources from potential impacts. Chapters 8, 9, 10, 11, 12, 13, 14 and 15 of
the GEIS contain more detailed analyses of the specific environmental impacts of development on these resources, as well as
the mitigation measures required to prevent these impacts.
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2.4.1 Water Use Classifications™

Water use classifications are assigned to surface waters and groundwaters throughout New York.
Surface water and groundwater sources are classified by the best use that is or could be made of
the source. The preservation of these uses is a regulatory requirement in New York.
Classifications of surface waters and groundwaters in New York are identified and assigned in 6

NYRCC Part 701.

In general, the discharge of sewage, industrial waste, or other wastes may not cause impairment
of the best usages of the receiving water as specified by the water classifications at the location
of discharge and at other locations that may be affected by such discharge. In addition, for higher
quality waters, NYSDEC may impose discharge restrictions (described below) in order to protect

public health, or the quality of distinguished value or sensitive waters.

A table of water use classifications, usages and restrictions follows.

' Text provided by URS Corporation, per NYSERDA contract
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Table 2.1 - New York Water Use Classifications

Water Use Class Water Type Best Usages and Notes
Suitability

N Fresh Surface 1,2
AA-Special Fresh Surface 3,4,5,6 Note a
A-Special Fresh Surface 3,4,5,6 Note b
AA Fresh Surface 3,4,5,6 Note ¢
A Fresh Surface 3,4,5,6 Note d
B Fresh Surface 4,5,6
C Fresh Surface 5,6,7
D Fresh Surface 5,7,8
SA Saline Surface 4,5,6,9
SB Saline Surface 4,5, 6,
SC Saline Surface 5,6,7
I Saline Surface 5,6,10
SD Saline Surface 5,8
GA Fresh Groundwater 11
GSA Saline Groundwater 12 Note e
GSB Saline Groundwater 13 Note
Other — T/TS Fresh Surface Trout/Trout Spawning
Other — Discharge All Types N/A See descriptions below
Restriction Category

Best Usage/Suitability Categories [Column 3 of Table 2-1 above]

1. Best usage for enjoyment of water in its natural condition and, where compatible, as a source of water
for drinking or culinary purposes, bathing, fishing, fish propagation, and recreation

2.
3.
4.
5. Best usage for fishing.
6.
7.
these purposes.
8.
9

Best usage for shellfishing for market purposes

Suitable for shellfish and wildlife propagation and survival, and fish survival

Best usage for primary and secondary contact recreation

Suitable for fish, shellfish, and wildlife propagation and survival.

Suitable for fish, shellfish, and wildlife survival (not propagation)

10. Best usage for secondary, but not primary, contact recreation

11. Best usage for potable water supply

Draft SGEIS 9/30/2009, Page 2-9
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Suitable for primary and secondary contact recreation, although other factors may limit the use for




12. Best usage for source of potable mineral waters, or conversion to fresh potable waters, or as raw
material for the manufacture of sodium chloride or its derivatives or similar products

13. Best usage is as receiving water for disposal of wastes (may not be assigned to any groundwaters of the
State, unless the Commissioner finds that adjacent and tributary groundwaters and the best usages
thereof will not be impaired by such classification)

Notes [Column 4 of Table 2-1 above]

a. These waters shall contain no floating solids, settleable solids, oil, sludge deposits, toxic wastes,
deleterious substances, colored or other wastes or heated liquids attributable to sewage, industrial
wastes or other wastes; there shall be no discharge or disposal of sewage, industrial wastes or other
wastes into these waters; these waters shall contain no phosphorus and nitrogen in amounts that will
result in growths of algae, weeds and slimes that will impair the waters for their best usages; there shall
be no alteration to flow that will impair the waters for their best usages; there shall be no increase in
turbidity that will cause a substantial visible contrast to natural conditions.

b. This classification may be given to those international boundary waters that, if subjected to approved
treatment, equal to coagulation, sedimentation, filtration and disinfection with additional treatment, if
necessary, to reduce naturally present impurities, meet or will meet NYSDOH drinking water
standards and are or will be considered safe and satisfactory for drinking water purposes.

c. This classification may be given to those waters that if subjected to pre-approved disinfection
treatment, with additional treatment if necessary to remove naturally present impurities, meet or will
meet NYSDOH drinking water standards and are or will be considered safe and satisfactory for
drinking water purposes.

d. This classification may be given to those waters that, if subjected to approved treatment equal to
coagulation, sedimentation, filtration and disinfection, with additional treatment if necessary to reduce
naturally present impurities, meet or will meet NYSDOH drinking water standards and are or will be
considered safe and satisfactory for drinking water purposes.

€. Class GSA waters are saline groundwaters. The best usages of these waters are as a source of potable
mineral waters, or conversion to fresh potable waters, or as raw material for the manufacture of sodium
chloride or its derivatives or similar products.

f. Class GSB waters are saline groundwaters that have a chloride concentration in excess of 1,000
milligrams per liter or a total dissolved solids concentration in excess of 2,000 milligrams per liter; it
shall not be assigned to any groundwaters of the State, unless NYSDEC finds that adjacent and
tributary groundwaters and the best usages thereof will not be impaired by such classification.

Discharge Restriction Categories [Last Row of Table 2-1above]

Based on a number of relevant factors and local conditions, per 6 NYCRR 701.20, discharge restriction
categories may be assigned to: (1) waters of particular public health concern; (2) significant recreational or
ecological waters where the quality of the water is critical to maintaining the value for which the waters are
distinguished; and (3) other sensitive waters where NYSDEC has determined that existing standards are not
adequate to maintain water quality.

1. Per 6 NYCRR 701.22, new discharges may be permitted for waters where discharge restriction
categories are assigned when such discharges result from environmental remediation projects, from
projects correcting environmental or public health emergencies, or when such discharges result in a
reduction of pollutants for the designated waters. In all cases, best usages and standards will be
maintained.
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2. Per 6 NYCRR 701.23, except for storm water discharges, no new discharges shall be permitted and no
increase in any existing discharges shall be permitted.

3. Per 6 NYCRR 701.24, specified substance shall not be permitted in new discharges, and no increase in
the release of the specified substance shall be permitted for any existing discharges. Storm water
discharges are an exception to these restrictions. The substance will be specified at the time the waters
are designated.

2.4.2 Water Quality Standards

Generally speaking, groundwater and surface water classifications and quality standards in New
York are established by the United States Environmental Protection Agency (USEPA) and
NYSDEC. The New York City Department of Environmental Protection (NYCDEP) defers to
the New York State Department of Health (NYSDOH) for water classifications and quality
standards. The most recent New York City Drinking Water Quality Report can be found at

http://www.nyc.gov/html/dep/pdf/wsstate08.pdf . The Susquehanna River Basin Commission

(SRBC) has not established independent classifications and quality standards. However, one of
SRBC’s roles is to recommend modifications to state water quality standards to improve
consistency among the states. The Delaware River Basin Commission has established
independent classifications and water quality standards throughout the Delaware River Basin,
including those portions within NY. The relevant and applicable water quality standards and

classifications include the following:

e O6NYCRR Part 703; Surface Water and Groundwater Quality Standards and Groundwater
Effluent Limitations'’

e USEPA Drinking Water Contaminants'®
e 18CFR Part 410; DRBC Administrative Manual Part Il Water Quality Regulations '’
e 10 NYCRR Part 5; Subpart 5-1 Public Water Systems>’

e NYCDEP Drinking Water Supply and Quality Report*'

17 http://www.dec.ny.gov/regs/4590.html

18 http://www.epa.gov/safewater/contaminants/index.html

19 http://www.state.nj.us/drbc/regs/ WQRegs_071608.pdf
20

http://www.health.state.ny.us/environmental/water/drinking/part5/subpart5.htm

2! http://www.nyc.gov/html/dep/html/drinking_water/wsstate.shtml
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2.4.3 Drinking Water?

The protection of drinking water sources and supplies is extremely important for the
maintenance of public health, and the protection of this water use type is paramount. Chemical or
biological substances that are inadvertently released into surface water or groundwater sources
that are designated for drinking water use can adversely impact or disqualify such usage if there
are constituents that conflict with applicable standards for drinking water. These standards are

discussed below.

2.4.3.1 Federal

The Safe Drinking Water Act (SDWA), passed in 1974 and amended in 1986 and 1996, gives
USEPA the authority to set drinking water standards. There are two categories of drinking water
standards: primary and secondary. Primary standards are legally enforceable and apply to public
water supply systems. The secondary standards are non-enforceable guidelines that are
recommended as standards for drinking water. Public water supply systems are not required to
comply with secondary standards unless a state chooses to adopt them as enforceable standards.

New York State has elected to enforce both as MCL’s and does not make the distinction.

The primary standards are designed to protect drinking water quality by limiting the levels of
specific contaminants that can adversely affect public health and are known or anticipated to
occur in drinking water. The determinations of which contaminants to regulate are based on
peer-reviewed science research and an evaluation of the following factors:

e Occurrence in the environment and in public water supply systems at levels of concern

¢ Human exposure and risks of adverse health effects in the general population and
sensitive subpopulations

e Analytical methods of detection
e Technical feasibility

e Impacts of regulation on water systems, the economy and public health

22 Text primarily from URS Corporation, per NYSERDA contract, and NYSDOH
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After reviewing health effects studies and considering the risk to sensitive subpopulations,
USEPA sets a non-enforceable Maximum Contaminant Level Goal (MCLG) for each
contaminant as a public health goal. This is the maximum level of a contaminant in drinking
water at which no known or anticipated adverse effect on the health of persons would occur, and
which allows an adequate margin of safety. MCLGs only consider public health and may not be
achievable given the limits of detection and best available treatment technologies. The SDWA
prescribes limits in terms of Maximum Contaminant Levels (MCLs) or Treatment Techniques
(TTs), which are achievable at a reasonable cost, to serve as the primary drinking water
standards. A contaminant generally is classified as microbial in nature or as a carcinogenic/non-

carcinogenic chemical.

Secondary contaminants may cause cosmetic effects (such as skin or tooth discoloration) or
aesthetic effects (such as taste, odor, or color) in drinking water. The numerical secondary

standards are designed to control these effects to a level desirable to consumers.

Table 2-2 and Table 2-3 list contaminants regulated by federal primary and secondary drinking

water standards.

Table 2.2 - Primary Drinking Water Standards

MCLG MCLorTT
Microorganisms | Contaminant (mg/L) (mg/L)

CRYPTOSPORIDIUM 0 TT
GIARDIA LAMBLIA 0 TT
Heterotrophic plate count n/a TT
LEGIONELLA 0 TT
Total Co.liforms (includir}g 0 50,
fecal coliform and E. coli)

Turbidity n/a TT
Viruses (enteric) 0 TT

MCLG: Maximum contaminant level goal
MCL: Maximum contaminant level
TT: Treatment technology

Disinfection MCLG MCLorTT

Byproducts Contaminant (mg/L) (mg/L)
Bromate 0 0.01
Chlorite 0.8 1
Haloacetic acids (HAAS) n/a 0.06
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Disinfectants

Inorganic
Chemicals

Organic
Chemicals

Total Trihalomethanes

(TTHMs) n/a 0.08
MRDLG MRDL
Contaminant (mg/L) (mg/L)
Chloramines (as Cl,) 4.0 4.0
Chlorine (as Cl,) 4.0 4.0
Chlorine dioxide (as C10O,) 0.8 0.8

MRDL: Maximum Residual Disinfectant Level
MRDLG: Maximum Residual Disinfectant Level Goal

CAS MCLG MCLorTT

Contaminant number (mg/L) (mg/L)
Antimony 07440-36-0 0.006 0.006
Arsenic 07440-38-2 0 as o f(z)(l) /123 106
(Aﬁs‘tt))eers t>OISO micrometers) 01332-21-5 ﬁbZ:rrsn;)li:lrolrilter 7MFL
Barium 07440-39-3 2 2
Beryllium 07440-41-7 0.004 0.004
Cadmium 07440-43-9 0.005 0.005
Chromium (total) 07440-47-3 0.1 0.1

TT;
Copper 07440-50-8 1.3 Action

Level=1.3

Cyanide (as free cyanide) 00057-12-5 0.2 0.2
Fluoride 16984-48-8 4 4

TT;
Lead 07439-92-1 0 Action

Level=0.015
Mercury (inorganic) 07439-97-6 0.002 0.002
Nitrate (measured as
Nitrogefl) 10 10
N?trite (measured as | 1
Nitrogen)
Selenium 07782-49-2 0.05 0.05
Thallium 07440-28-0 0.0005 0.002
CAS MCLG MCLorTT

Contaminant number (mg/L) (mg/L)
Acrylamide 00079-06-1 0 TT
Alachlor 15972-60-8 0 0.002
Atrazine 01912-24-9 0.003 0.003
Benzene 00071-43-2 0 0.005
Benzo(a)pyrene (PAHs) 00050-32-8 0 0.0002
Carbofuran 01563-66-2 0.04 0.04
Carbon tetrachloride 00056-23-5 0 0.005
Chlordane 00057-74-9 0 0.002
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Organic
Chemicals

CAS MCLG MCLorTT
Contaminant number (mg/L) (mg/L)
Chlorobenzene 00108-907 0.1 0.1
i’c‘i‘ﬁzﬁ}g)‘"phem’xyacetlc 00094-75-7 0.07 0.07
Dalapon 00075-99-0 0.2 0.2
1,2-Dibromo-3-
chloropropane (DBCP) 00096-12-8 0 0.0002
o-Dichlorobenzene 00095-50-1 0.6 0.6
p-Dichlorobenzene 00106-46-7 0.075 0.075
1,2-Dichloroethane 00107-06-2 0 0.005
1,1-Dichloroethylene 00075-35-4 0.007 0.007
cis-1,2-Dichloroethylene 00156-59-2 0.07 0.07
trans-1,2-Dichloroethylene 00156-60-5 0.1 0.1
Dichloromethane 00074-87-3 0 0.005
1,2-Dichloropropane 00078-87-5 0 0.005
Di(2-ethylhexyl) adipate 00103-23-1 0.4 0.4
Di(2-ethylhexyl) phthalate 00117-81-7 0 0.006
Dinoseb 00088-85-7 0.007 0.007
Dioxin (2,3,7,8-TCDD) 01746-01-6 0 0.00000003
Diquat 0.02 0.02
Endothall 00145-73-3 0.1 0.1
Endrin 00072-20-8 0.002 0.002
Epichlorohydrin 0 TT
Ethylbenzene 00100-41-4 0.7 0.7
Ethylene dibromide 00106-93-4 0 0.00005
Glyphosate 01071-83-6 0.7 0.7
Heptachlor 00076-44-8 0 0.0004
Heptachlor epoxide 01024-57-3 0 0.0002
Hexachlorobenzene 00118-74-1 0 0.001
Hexachlorocyclopentadiene 00077-47-4 0.05 0.05
Lindane 00058-89-9 0.0002 0.0002
Methoxychlor 00072-43-5 0.04 0.04
Oxamyl (Vydate) 23135-22-0 0.2 0.2
Polychlorinated biphenyls
(PC-‘VBS) pheny 0 0.0005
Pentachlorophenol 00087-86-5 0 0.001
Picloram 01918-02-1 0.5 0.5
Simazine 00122-34-9 0.004 0.004
Styrene 00100-42-5 0.1 0.1
Tetrachloroethylene 00127-18-4 0 0.005
Toluene 00108-88-3 1 1
Toxaphene 08001-35-2 0 0.003
2,4,5-TP (Silvex) 00093-72-1 0.05 0.05
1,2,4-Trichlorobenzene 00120-82-1 0.07 0.07
1,1,1-Trichloroethane 00071-55-6 0.2 0.2
1,1,2-Trichloroethane 00079-00-5 0.003 0.005
Trichloroethylene 00079-01-6 0 0.005
Vinyl chloride 00075-01-4 0 0.002
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Organic CAS MCLG MCLorTT
Chemicals Contaminant number (mg/L) (mg/L)
Xylenes (total) 10 10
MCLG MCLorTT
Radionuclides | Contaminant (mg/L) (mg/L)
none
Alpha particles | =mmemememeee- 15 picocuries per Liter (pCi/L)
Zero
. none
Bet.a partICleS and phOton _____________ 4 millirems per year
emitters
ZETo
Radium 226 and Radium ____I}f)_lf____ 5 oCi/L
228 (combined) P
Zero
Uranium Zero 30 ug/L

Table 2.3 - Secondary Drinking Water Standards

CAS

Contaminant number Standard

Aluminum 07439-90-5 0.05 to 0.2 mg/L
Chloride 250 mg/L
Color 15 (color units)
Copper 07440-50-8 1.0 mg/L
Corrosivity noncorrosive
Fluoride 16984-48-8 2.0 mg/L
Foaming Agents (surfactants) 0.5 mg/L
Iron 07439-89-6 0.3 mg/L
Manganese 07439-96-5 0.05 mg/L
Odor 3 threshold odor number
pH 6.5-8.5
Silver 07440-22-4 0.10 mg/L
Sulfate 14808-79-8 250 mg/L
Total Dissolved Solids 500 mg/L
Zinc 07440-66-6 5 mg/L

New York State is a primacy state and has assumed responsibility for the implementation of the

drinking water protection program.
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2.4.3.2 New York State

Authorization to use water for a public drinking water system is subject to Article 15, Title 15 of
the ECL administered by NYSDEC, while the design and operation of a public drinking water
system and quality of drinking water is regulated under the State Sanitary Code 10 NYCRR,
Subpart 5-1 administered by NYSDOH.

Anyone planning to operate or operating a public water supply system must obtain a Water

Supply Permit from NYSDEC before undertaking any of the regulated activities.

Contact with NYSDEC and submission of a Water Supply Permit application will automatically
involve NYSDOH, which has a regulatory role in water quality and other sanitary aspects of a
project relating to human health. Through the State Sanitary Code (Chapter 1 of 1I0NYCRR),
NYSDOH oversees the suitability of water for human consumption. Section 5-1.30 of 10
NYCRR?* prescribes the required minimum treatment for public water systems, which depends
on the source water type and quality. To assure the safety of drinking water in New York,
NYSDOH, in cooperation with its partners, the county health departments, regulates the
operation, design and quality of public water supplies; assures water sources are adequately

protected, and sets standards for constructing individual water supplies.

NYSDOH standards, established in regulations found at Section 5-1.51 of 10 NYCRR and
accompanying Tables in Section 1.52, meet or exceed national drinking water standards. These
standards address national primary standards, secondary standards and other contaminants,
including those not listed in federal standards such as principal organic contaminants with

specific chemical compound classification and unspecified organic contaminants.

2.4.4 Public Water Systems

Public water systems in New York range in size from that of New York City (NYC), the largest
engineered water system in the nation, serving more than nine million people, to those run by
municipal governments or privately-owned water supply companies serving municipalities of

varying size and type, schools with their own water supply, and small retail outlets in rural areas

2 6 NYCRR 601 - http://www.dec.ny.gov/regs/4445.html

2 10 NYCRR 5-1.30 - http://www.health.state.ny.us/nysdoh/phforum/nycrr10.htm
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serving customers water from their own wells. Privately owned, residential wells supplying
water to individual households do not require a water supply permit. In total, there are nearly
10,000 public water systems in New York State. A majority of the systems (approximately
8,460) rely on groundwater aquifers, although a majority of the State’s population is served by
surface water sources. Public water systems include community (CWS) and non-community
(NCWS) systems. NCWSs include non-transient non-community (NTNC) and transient non-

community (TNC) water systems. DOH regulations contain the definitions listed in Table 2-4.

Table 2.4 - Public Water System Definition®

Public water system means a community, non-community or non-transient non-community water system
which provides water to the public for human consumption through pipes or other constructed
conveyances, if such system has at least five service connections or regularly serves an average of at least
25 individuals daily at least 60 days out of the year. Such term includes:

a. collection, treatment, storage and distribution facilities under control of the supplier of water
of such system and used with such system; and

b. collection or pretreatment storage facilities not under such control which are used with such
system.

Community water system (CWS) means a public water system which serves at least five service
connections used by year-round residents or regularly serves at least 25 year-round residents.

Noncommunity water system (NCWS) means a public water system that is not a community water
system.

Nontransient noncommunity water system (NTNC) means a public water system that is not a
community water system but is a subset of a noncommunity water system that regularly serves at least 25
of the same people, four hours or more per day, for four or more days per week, for 26 or more weeks per
year.

Transient noncommunity water system (TNC) means a noncommunity water system that does not
regularly serve at least 25 of the same people over six months per year.

2.4.4.1 Primary and Principal Aquifers

About one quarter of New Yorkers rely on groundwater as a source of potable water. In order to
enhance regulatory protection in areas where groundwater resources are most productive and
most vulnerable, the Department of Health, in 1980, identified 18 Primary Water Supply

Aquifers (also referred to simply as Primary Aquifers) across the State. These are defined in the

2 Part 5, Subpart 5-1 Public Water Systems (Current as of: October 1, 2007); SUBPART 5-1; PUBLIC WATER SYSTEMS; 5-
1.1 Definitions. (Effective Date: May 26, 2004)
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Division of Water Technical and Operational Guidance Series (TOGS) 2.1.3% as “highly
productive aquifers presently utilized as sources of water supply by major municipal water

supply systems.”

Many Principal Aquifers have also been identified and are defined in the DOW TOGS as “highly
productive, but which are not intensively used as sources of water supply by major municipal
systems at the present time.” Principal Aquifers are those known to be highly productive
aquifers or where the geology suggests abundant potential supply, but are not presently being
heavily used for public water supply. The 21 Primary and the many Principal Aquifers greater

than one square mile in area within New York State (excluding Long Island) are shown on

26 http://www.dec.ny.gov/docs/water pdf/togs213.pdf
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Figure 2.1 - Primary and Principal Aquifers
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Figure 2.1. The remaining portion of the State is underlain by smaller aquifers or low-yielding
groundwater sources that typically are suitable only for small community and non-community

public water systems or individual household supplies. *’

2.4.4.2 Public Water Supply Wells

NYSDOH estimates that over two million New Yorkers outside of Long Island are served by
public groundwater supplies.”® Most public water systems with groundwater sources pump and
treat groundwater from wells. Public groundwater supply wells are governed by Subpart 5-1 of

the State Sanitary Code under 10 NYCRR.*

2.4.4.3 New York City Watershed

The two reservoir systems that provide fresh water to NYC, constituting what is known as the
New York City Watershed (the Watershed), located north of NYC in the Catskills and Hudson
River Valley, make up the largest unfiltered drinking water supply in the nation, providing 1.3
billion gallons of water per day to nearly half the population of New York State (i.e., eight
million residents within NYC and one million consumers located in Orange, Ulster, Putnam and
Westchester counties). Given their importance to the public health and safety of so many New
Yorkers and the continued vitality of NYC, a comprehensive, long-range watershed protection
and water quality enhancement program has been established by NYC, the state and federal

governments, environmental organizations, and the upstate Watershed communities.

USEPA, in consultation with NYSDOH, issued a Filtration Avoidance Determination (FAD) in
July 2007 which found that NYC’s watershed protection program for the Catskill/Delaware
system meets the requirements for unfiltered water systems. NYC’s Watershed Rules and
Regulations, promulgated in May 1997 pursuant to Article 11 of the State Public Health Law,
govern certain land uses and contain specific regulatory requirements intended to ensure water
quality protection within the Watershed. The Department partners with NYC and NYSDOH in
ensuring that the FAD requirements are fulfilled, and has committed to working with NYCDEP

to ensure that activities related to gas development do not compromise the FAD.

7 Alpha, p. 3-2

28 http://www.health.state.ny.us/environmental/water/drinking/facts_figures.htm

» http://www.health.state.ny.us/environmental/water/drinking/part5/subpart5.htm
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Of the two primary components of the Watershed, the East-of-Hudson system and the West-of-
Hudson (WOH) system, only the WOH system overlies shale formations that potentially could
be developed for gas drilling; consequently, the issues related to the potential impacts of
horizontal drilling and high-volume hydraulic fracturing of shales is limited herein to the WOH
Watershed.

The WOH Watershed contains six reservoirs that provide drinking water to NYC: the Ashokan,
Cannonsville, Neversink, Pepacton, Rondout and Schoharie reservoirs (Figure 2.2). The total
Watershed area associated with these reservoirs is approximately 1,549 square miles, exclusive
of the area of the reservoirs themselves. The total Watershed area protected by City and non-
City entities, including the Catskill Forest Preserve, is 472 square miles, or 30.5 percent of the
total Watershed area, exclusive of the six reservoirs. The “protected” areas within the Watershed
are areas where shale gas development would be prohibited because the land is either protected
by the City through fee ownership or easement, or by non-City entities, which consist mostly of
other public agencies (both State and local), land trusts and conservation entities. The entire
Watershed area is within the fairways of shale gas development depicted in Figures 4.7 and
4.12; consequently, the 1,077 square miles of the Watershed that are not protected potentially are

available for the placement of well pads for the development of shale gas reservoirs.

The New York City Watershed Rules and Regulations define the following protected

waterbodies:>°

Watercourse - means a visible path through which surface water travels on a regular
basis, including an intermittent stream, which is tributary to the water supply. A drainage
ditch, swale or surface feature that contains water only during and immediately after a

rainstorm or a snowmelt shall not be considered to be a watercourse.

Reservoir - means any natural or artificial impoundment of water owned or controlled by

the City which is tributary to the City Water supply system.

30 Title 15 Rules of the City of New York. Section 18-16. Definitions.
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Reservoir stem - means any watercourse segment which is tributary to a reservoir and

lies within 500 feet or less of the reservoir.
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Controlled lake — means a lake from which the City may withdraw water pursuant to rights
acquired by the City or as a right of ownership. The controlled lakes are Kirk Lake, Lake
Gleneida and Lake Gilead.

2.4.5 Private Water Wells and Domestic-Supply Springs

There are potentially tens to hundreds of thousands of private water supply wells in the State. To
ensure that private water wells provide adequate quantities of water fit for consumption and
intended uses, they need to be located and constructed to maintain long-term water yield and
reduce the risk of contamination. Improperly constructed wells can allow for easy transport of
contaminants to the well and pose a significant health risk to users. New, replacement or
renovated private wells are required to be in compliance with the New York State Residential
Code, NYSDOH Appendix 5-B “Standards for Water Wells,” *' installed by a certified DEC-
registered water well contractor and have groundwater as the water source. However, many
private water wells installed before these requirements took effect are still in use. The GEIS
describes how improperly constructed private water wells are susceptible to pollution from many

sources, and proposes a 150-foot setback to protect vulnerable private wells.

NYSDOH includes springs — along with well points, dug wells and shore wells — as susceptible

sources that are vulnerable to contamination from pathogens, spills and the effects of drought.*

Use of these sources for drinking water is discouraged and should be considered only as a last

resort with proper protective measures. With respect to springs, NYSDOH specifically states:

3 http://www.health.state.ny.us/environmental/water/drinking/part5/appendixSb.htm

32 GEIS, p. 8-22

33 http://www.health.state.ny.us/environmental/water/drinking/part5/append5b/fs5_susceptible_water_sources.htm
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Springs occur where an aquifer discharges naturally at or near the ground surface,
and are broadly classified as either rock or earth springs. It is often difficult to
determine the true source of a spring (that is, whether it truly has the natural
protection against contamination that a groundwater aquifer typically has.) Even
if the source is a good aquifer, it is difficult to develop a collection device (e.g.,
"spring box") that reliably protects against entry of contaminants under all
weather conditions. (The term "spring box" varies, and, depending on its
construction, would be equivalent to, and treated the same, as either a spring, well
point or shore well.) Increased yield and turbidity during rain events are
indications of the source being under the direct influence of surface water.**

Because of their vulnerability, and because in addition to their use as drinking water supplies

they also supply water to wetlands, streams and ponds, the GEIS proposes a 150-foot setback.>”

2.4.6 History of Drilling and Hydraulic Fracturing in Water Supply Areas

For oil and gas regulatory purposes, potable fresh water is defined as water containing less than
250 parts per million (ppm) of sodium chloride or 1,000 ppm total dissolved solids (TDS)*® and
salt water is defined as containing more than 250 ppm sodium chloride or 1,000 ppm TDS. *’
Groundwater from sources below approximately 850 feet in New York typically is too saline for
use as a potable water supply; however, there are isolated wells deeper than 850 feet that produce
potable water and wells less than 850 feet that produce salt water. A depth of 850 feet to the
base of potable water is commonly used as a practical generalization for the maximum depth of
potable water; however, a variety of conditions affect water quality, and the maximum depth of

potable water in an area should be determined based on the best available data. **

A tabulated summary of the regulated oil, gas, and other wells located within the boundaries of
the Primary and Principal Aquifers in the State is provided on Figure 2.1. There are 482 oil and
gas wells located within the boundaries of 14 Primary Aquifers and 2,413 oil and gas wells

located within the boundaries of Principal Aquifers. Another 1,510 storage, solution brine,

¥ NYSDOH - http://www.health.state.ny.us/environmental/water/drinking/part5/append5b/fs5_susceptible_water _sources.html

35 GEIS, p. 8-16
3 6NYCRR Part 550.3(ai)
37 6N'YCRR Part 550.3(at)
38 Alpha, p. 3-3
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injection, stratigraphic, geothermal, and other deep wells are located within the boundaries of the
mapped aquifers. The remaining regulated oil and gas wells likely penetrate a horizon of potable
freshwater that can be used by residents or communities as a drinking water source. These

freshwater horizons include unconsolidated deposits and bedrock units. *°

Chapter 4, on Geology, includes a generalized cross-section (Figure 4.3) across the Southern Tier
of NewYork State which illustrates the depth and thickness of rock formations including the

prospective shale formations.

No documented instances of groundwater contamination are recorded in the NYSDEC files from
previous horizontal drilling or hydraulic fracturing projects in New York. No documented
incidents of groundwater contamination in public water supply systems were reported by the
NYSDOH central office and Rochester district office (NYSDOH, 2009a; NYSDOH, 2009b).
References have been made to some reports of private well contamination in Chautauqua County
in the 1980s that may be attributed to oil and gas drilling (Chautauqua County Department of
Health, 2009; NYSDOH, 2009a; NYSDOH, 2009b; Sierra Club, undated). The reported
Chautauqua County incidents, the majority of which occurred in the 1980s and which pre-date
the current casing and cementing practices and fresh water aquifer supplementary permit
conditions, could not be substantiated because pre-drilling water quality testing was not
conducted, improper tests were run which yielded inconclusive results and/or the incidents of

alleged well contamination were not officially confirmed. *°

An operator caused turbidity (February 2007) in nearby water wells when it continued to pump
compressed air for many hours through the drill string in an attempt to free a stuck drill bit at a
well in the Town Of Brookfield, Madison County. The compressed air migrated through natural
fractures in the shallow bedrock because the well had not yet been drilled to the permitted
surface casing seat depth. This non-routine incident was reported to the Department and DEC
staff were dispatched to investigate the problem. DEC shut down drilling operations and ordered
the well plugged when it became apparent that continued drilling at the wellsite would cause

turbidity to increase above what had already been experienced. The operator immediately

3 Alpha, p. 3-3
0 Alpha, p. 3-3
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provided drinking water to the affected residents and subsequently installed water treatment
systems in several residences. Over a period of several months the turbidity abated and water
wells returned to normal. Operators that use standard drilling practices and employ good
oversight in compliance with their permits will not typically cause the excessive turbidity event
seen at the Brookfield wells. DEC has no records of similar turbidity caused by well drilling as
occurred at this Madison County well. Geoffrey Snyder, Director Environmental Health
Madison County Health Department, stated in a May 2009 email correspondence regarding the
Brookfield well accident that, “Overall we find things have pretty much been resolved and the

water quality back to normal if not better than pre-incident conditions.”

2.4.7 Regulated Drainage Basins

New York State is divided into 17 watersheds, or drainage basins, which are the basis for various
management, monitoring, and assessment activities.*' A watershed is an area of land that drains
into a body of water, such as a river, lake, reservoir, estuary, sea or ocean. The watershed
includes the network of rivers, streams and lakes that convey the water and the land surfaces
from which water runs off into those waterbodies. Watersheds are separated from adjacent
watersheds by high points, such as mountains, hills and ridges. Groundwater flow within

watersheds may not be controlled by the same topographic features as surface water flow.

Since all of New York State’s land area is incorporated into the watersheds, all oil and gas
drilling that has occurred since 1821 has occurred within watersheds, specifically, in 13 of the
State’s 17 watersheds. Mitigation measures presented in the GEIS are protective of water
resources in all watersheds and river basins statewide, as are the enhanced mitigation measures
identified in this document to address horizontal drilling and high-volume hydraulic fracturing.
The river basins described below are subject to additional jurisdiction by existing regulatory

bodies with respect to certain specific activities related to high-volume hydraulic fracturing.

The delineations of the Susquehanna and Delaware River Basins in New York are shown on

Figure 2.3.

1 See map at http://www.dec.ny.gov/lands/26561.html.
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2.4.7.1 Delaware River Basin

Including Delaware Bay, the Delaware River Basin comprises 13,539 square miles in four states
(New York, Pennsylvania, Delaware and New Jersey). Eighteen and a half percent of the basin,
or 2,362 square miles, lies within portions of Broome, Chenango, Delaware, Schoharie, Greene,
Ulster, Sullivan and Orange counties in New York. This acreage overlaps with New York City’s
West of Hudson Watershed; the Basin supplies about half of New York City’s drinking water
and 100% of Philadelphia’s supply.

The Delaware River Basin Commission (DRBC) was established by a compact among the
federal government, New York, New Jersey, Pennsylvania and Delaware to coordinate water
resource management activities and the review of projects affecting water resources in the basin.
New York is represented on the DRBC by a designee of New York State’s Governor, and DEC
has the opportunity to provide input on projects requiring DRBC action.

DRBC has identified its areas of concern with respect to natural gas drilling as reduction of flow
in streams or aquifers, discharge or release of pollutants into ground water or surface water, and
treatment and disposal of hydraulic fracturing fluid. DRBC staff will also review drill site
characteristics, fracturing fluid composition and disposal strategy prior to recommending

approval of shale gas development projects in the Delaware River Basin.
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Figure 2.3 - Susquehanna and Delaware River Basins

Draft SGEIS 9/30/2009, Page 2-29



2.4.7.2 Susquehanna River Basin

The Susquehanna River Basin comprises 27,510 square miles in three states (New York,
Pennsylvania and Maryland) and drains into the Chesapeake Bay. Twenty-four percent of the
basin, or 6,602 square miles, lies within portions of Allegany, Livingston, Steuben, Yates,
Ontario, Schuyler, Chemung, Tompkins, Tioga, Cortland, Onondaga, Madison, Chenango,

Broome, Delaware, Schoharie, Otsego, Herkimer and Oneida counties in New York.

The Susquehanna River Basin Commission (SRBC) was established by a compact among the
federal government, New York, Pennsylvania and Maryland to coordinate water resource
management activities and review of projects affecting water resources in the basin. New York
is represented on the SRBC by a designee of DEC’s Commissioner, and DEC has the

opportunity to provide input on projects requiring SRBC action.

The Susquehanna River is the largest tributary to the Chesapeake Bay, with average annual flow
to the Bay of over 20 billion gallons per day. Based upon existing consumptive use approvals
plus estimates of other uses below the regulatory threshold requiring approval, SRBC estimates
current maximum use potential in the Basin to be 882.5 million gallons per day. Projected
maximum consumptive use in the Basin for gas drilling, calculated by SRBC based on twice the
drilling rate in the Barnett Shale play in Texas, is about 28 million gallons per day as an annual

average.

2.4.7.3 Great Lakes-St. Lawrence River Basin

In New York, the Great Lakes-St. Lawrence River Basin is the watershed of the Great Lakes and
St. Lawrence River, upstream from Trois Rivieres, Quebec, and includes all or parts of 34
counties, including the Lake Champlain and Finger Lakes sub-watersheds. Approximately 80
percent of New York's fresh surface water, over 700 miles of shoreline, and almost 50% of New
York’s lands are contained in the drainage basins of Lake Ontario, Lake Erie, and the St.
Lawrence River. Jurisdictional authorities in the Great Lakes-St. Lawrence River Basin, in
addition to the Department, include the Great Lakes Commission, the Great Lakes Fishery

Commission, the International Joint Commission, the Great Lakes-St. Lawrence River Water

42http://www.srbc.nct/[)ro,qrams/proircvicwmarccllusticr3 .htm
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Resources Compact Council, and the Great Lakes-St. Lawrence Sustainable Water Resources

Regional Body.

2.4.8 Water Resources Replenishment™®

The ability of surface water and groundwater systems to support withdrawals for various
purposes, including natural gas development, is based primarily on replenishment (recharge).

The Northeast region typically receives ample precipitation that replenishes surface water (runoff

and groundwater discharge) and groundwater (infiltration).

The amount of water available to replenish groundwater and surface water depends on several
factors and varies seasonally. A “water balance” is a common, accepted method used to describe
when the conditions allow groundwater and surface water replenishment and to evaluate the
amount of withdrawal that can be sustained. The primary factors included in a water balance are

precipitation, temperature, vegetation, evaporation, transpiration, soil type, and slope.

Groundwater recharge (replenishment) occurs when the amount of precipitation exceeds the
losses due to evapotranspiration (evaporation and transpiration by plants) and water retained by
soil moisture. Typically, losses due to evapotranspiration are large in the growing season and
consequently, less groundwater recharge occurs during this time. Groundwater also is recharged
by losses from streams, lakes, and rivers, either naturally (in influent stream conditions) or
induced by pumping. The amount of groundwater available from a well and the associated
aquifer is typically determined by performing a pumping test to determine the “safe yield.” The
safe yield is the amount of groundwater that can be withdrawn for an extended period without
depleting the aquifer. Non-continuous withdrawal provides opportunities for water resources to

recover during periods of non-pumping.

Surface water replenishment occurs directly from precipitation, from surface runoff, and by
groundwater discharge to surface water bodies. Surface runoff occurs when the amount of
precipitation exceeds infiltration and evapotranspiration rates. Surface water runoff typically is
greater during the non-growing season when there is little or no evapotranspiration, or where soil

permeability is relatively low.

# Text provided by Alpha, p. 3-26
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Short-term variations in precipitation may result in droughts and floods which affect the amount
of water available for groundwater and surface water replenishment. Droughts of significant
duration reduce the amount of surface water and groundwater available for withdrawal. Periods
of drought may result in reduced stream flow, lowered lake levels, and reduced groundwater

levels until normal precipitation patterns return.

Floods may occur from short or long periods of above-normal precipitation and rapid snow melt.
Flooding results in increased flow in streams and rivers and may increase levels in lakes and
reservoirs. Periods of above-normal precipitation that may cause flooding also may result in
increased groundwater levels and greater availability of groundwater. The duration of floods

typically is relatively short compared to periods of drought.

The SRBC and DRBC have established evaluation processes and mitigation measures to assure
adequate replenishment of water resources. The evaluation processes for proposed withdrawals
address recharge potential and low-flow conditions. Examples of the mitigation measures

utilized by the SRBC include:

. Replacement — release of storage or use of a temporary source
. Discontinue — specific to low-flow periods

. Conservation releases

. Payments

. Alternatives — proposed by applicant

Operational conditions and mitigation requirements establish passby criteria and withdrawal
limits during low flow conditions. A passby flow is a prescribed quantity of flow that must be
allowed to pass an intake when withdrawal is occurring. Passby requirements also specify low-

flow conditions during which no water can be withdrawn.

2.4.9 Floodplains
Floodplains are low-lying lands next to rivers and streams. When left in a natural state,
floodplain systems store and dissipate floods without adverse impacts on humans, buildings,

roads or other infrastructure. Floodplains can be viewed as a type of natural infrastructure that
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can provide a safety zone between people and the damaging waters of a flood. Changes to the
landscape outside of floodplain boundaries, like urbanization and other increases in the area of
impervious surfaces in a watershed, may increase the size of floodplains. Floodplain information
is found on Flood Insurance Rate Maps (FIRMs) produced by the Federal Emergency
Management Agency (FEMA). These maps are organized on either a county, or a town, city or
village basis and are available through the FEMA Map Service Center.** They may also be

viewed at local government, DEC, and county and regional planning offices.

A floodplain development permit issued by a local government (town, city or village) must be
obtained before commencing any floodplain development activity. This permit must comply
with a local floodplain development law (often named Flood Damage Prevention Laws),
designed to assure that development will not incur flood damages or cause additional off-site
flood damages. These local laws, which qualify communities for participation in the National
Flood Insurance Program (NFIP), require that any development in mapped, flood hazard areas
be built to certain standards, identified in the NFIP regulations (44 CFR 60.3) and the Building
Code of New York State and the Residential Code of New York State. Floodplain development
is defined to mean any man-made change to improved or unimproved real estate, including but
not limited to buildings or other structures (including gas and liquid storage tanks), mining,
dredging, filling, paving, excavation or drilling operations, or storage of equipment or materials.
Virtually all communities in New York with identified flood hazard areas participate in the

NFIP.

The area that would be inundated by a 100-year flood (better thought of as an area that has a one
percent or greater chance of experiencing a flood in any single year) is designated as a Special
Flood Hazard Area. The 100-year flood is also known as the “base flood,” and the elevation that
the base flood reaches is known as the “base flood elevation” (BFE). The BFE is the basic
standard for floodplain development, used to determine the required elevation of the lowest floor
of any new or substantially improved structure. For streams where detailed hydraulic studies
have identified the BFE, the 100-year floodplain has been divided into two zones, the floodway

and the floodway fringe. The floodway is that area that must be kept open to convey flood waters

44 http://msc.fema.gov
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downstream. The floodway fringe is that area that can be developed in accordance with FEMA
standards as adopted in local law. The floodway is shown either on the community's FIRM or on
a separate “Flood Boundary and Floodway” map or maps published before about 1988. Flood
Damage Prevention Laws differentiate between more hazardous floodways and other areas
inundated by flood water. In particular for floodways, no encroachment can be permitted unless
there is an engineering analysis that proves that the proposed development does not increase the

BFE by any measurable amount at any location.

Each participating community in the State has a designated floodplain administrator. This is
usually the building inspector or code enforcement official. If development is being considered
for a flood hazard area, then the local floodplain administrator reviews the development to
ensure that construction standards have been met before issuing a floodplain development

permit.

2.4.9.1 Analysis of Recent Flood Events*

The Susquehanna and Delaware River Basins in New York are vulnerable to frequent, localized
flash floods every year. These flash floods usually affect the small tributaries and can occur with
little advance warning. Larger floods in some of the main stem reaches of these same river-
basins also have been occurring more frequently. For example, the Delaware River in Delaware
and Sullivan counties experienced major flooding along the main stem and in its tributaries
during more than one event from September 2004 through June 2006 (Schopp and Firda, 2008).

Significant flooding also occurred along the Susquehanna River during this same time period.

The increased frequency and magnitude of flooding has raised a concern for unconventional gas
drilling in the floodplains of these rivers and tributaries, and the recent flooding has identified
concerns regarding the reliability of the existing Federal Emergency Management Agency
(FEMA) Flood Insurance Rate Maps (FIRMs) that depict areas that are prone to flooding with a
defined probability or recurrence interval. The concern focused on the Susquehanna and
Delaware Rivers and associated tributaries in Steuben, Chemung, Tioga, Broome, Chenango,

Otsego, Delaware and Sullivan counties, New York.

3 Text provided by Alpha, p. 3-30
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2.4.9.2 Flood Zone Mapping™

Flood zones are geographic areas that the Federal Emergency Management Agency (FEMA) has
defined according to varying levels of flood risk. These zones are depicted on a community’s
FIRM. Each zone reflects the severity or type of flooding in the area and the level of detailed

analysis used to evaluate the flood zone.

Appendix 1 Alpha’s Table 3.4 — FIRM Maps summarizes the availability of FIRMs for New
York State as of July 23, 2009 (FEMA, 2009a). FIRMs are available for all communities in
Broome, Delaware, and Sullivan county. The effective date of each FIRM is included in
Appendix 1. As shown, many of the communities in New York use FIRMs with effective dates
prior to the recent flood events. Natural and anthropogenic changes in stream morphology (e.g.,
channelization) and land use/land cover (e.g., deforestation due to fires or development) can
affect the frequency and extent of flooding. For these reasons, FIRMs are updated periodically
to reflect current information. Updating FIRMs and incorporation of recent flood data can take

two to three years (FEMA, 2009b).

While the FIRMs are legal documents that depict flood-prone areas, the most up-to-date
information on extent of recent flooding is most likely found at local or county-wide planning or
emergency response departments (DRBC, 2009). Many of the areas within the Delaware and
Susquehanna River Basins that were affected by the recent flooding of 2004 and 2006 lie outside
the flood zones noted on the FIRMs (SRBC, 2009; DRBC, 2009; Delaware County 2009). Flood
damage that occurs outside the flood zones often is related to inadequate maintenance or sizing
of storm drain systems and is unrelated to streams. The FIRMs (as of July 23, 2009) do not
reflect the recent flood data. Mapping the areas affected by recent flooding in the Susquehanna
River Basin currently is underway and is scheduled to be published in late 2009 (SRBC, 2009).
Updated FIRMs are being prepared for communities in Delaware County affected by recent

flooding and are expected to be released in late 2009 (Delaware County, 2009).

According to the Division of Water, preliminary county-wide FIRM’s have been developed and
distributed for Sullivan and Delaware counties and are scheduled to be distributed for Broome

County in September 2009. Those will become final sometime during 2010.

4 Ibid.,
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2.4.9.3 Seasonal Analysis*’

The historic and recent flooding events do not show a seasonal trend. Flooding in Delaware
County, which resulted in Presidential declarations of disaster and emergency between 1996 and
2006, occurred during the following months: January 1996, November 1996, July 1998, August
2003, October 2004, August 2004 and April 2005 (Tetra Tech, 2005). The Delaware River and
many of its tributaries in Delaware and Sullivan counties experienced major flooding that caused
extensive damage from September 2004 to June 2006 (Schopp and Firda, 2008). These data
show that flooding is not limited to any particular season and may occur at any time during the

year.

2.4.10 Freshwater Wetlands

Freshwater wetlands are lands and submerged lands, commonly called marshes, swamps,
sloughs, bogs, and flats, supporting aquatic or semi-aquatic vegetation. These ecological areas
are valuable resources, necessary for flood control, surface and groundwater protection, wildlife
habitat, open space, and water resources. Freshwater wetlands also provide opportunities for
recreation, education and research, and aesthetic appreciation. Adjacent areas may share some of

these values and, in addition, provide a valuable buffer for the wetlands.

The Department has classified regulated freshwater wetlands according to their respective
functions, values and benefits. Wetlands may be Class I, II, III or IV. Class I wetlands are the

most valuable and are subject to the most stringent standards.

The Freshwater Wetlands Act (FWA), Article 24 of the Environmental Conservation Law,
provides DEC and the Adirondack Park Agency with the authority to regulate freshwater
wetlands in the State. The NYS Legislature passed the Freshwater Wetlands Act in 1975 in
response to uncontrolled losses of wetlands and problems resulting from those losses, such as
increased flooding. The FWA protects wetlands larger than 12.4 acres (5 hectares) in size, and
certain smaller wetlands of unusual local importance. In the Adirondack Park, the Adirondack
Park Agency (APA) regulates wetlands, including wetlands above one acre in size, or smaller
wetlands if they have free interchange of flow with any surface water. The law requires DEC and

APA to map those wetlands that are protected by the FWA. In addition, the law requires DEC

T 1bid., p. 3-31
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and APA to classify wetlands. Inside the Adirondack Park, wetlands are classified according to
their vegetation cover type. Outside the Park, DEC classifies wetlands according to 6 NYCRR
Part 664, Wetlands Mapping and Classification.*® Around every regulated wetland is a regulated

adjacent area of 100 feet, which serves as a buffer area for the wetland.

FWA’s main provisions seek to regulate those uses that would have an adverse impact on
wetlands, such as filling or draining. Other activities are specifically exempt from regulation,
such as cutting firewood, continuing ongoing activities, certain agricultural activities, and most
recreational activities like hunting and fishing. In order to obtain an FWA permit, a project must
meet the permit standards in 6NYCRR Part 663, Freshwater Wetlands Permit Requirement
Regulations.* Intended to prevent despoliation and destruction of freshwater wetlands, these

regulations were designed to:

e preserve, protect, and enhance the present and potential values of wetlands;
e protect the public health and welfare; and
e be consistent with the reasonable economic and social development of the State.

2.4.11 Visual Resources®

The 1992 GEIS stated that the impacts of gas drilling activities on visual resources of statewide
significance are addressed on a case-by-case basis during the permit review process. When a
proposed activity might have a negative visual impact, appropriate mitigating conditions are

added to the permit.

In its guidance document, DEP-00-2 “Assessing and Mitigating Visual Impacts,” the Department
provides an inventory of aesthetic resources. It is important to note that the Department
continuously updates the guidance document to add significant scenic and aesthetic resources
that have not yet been designated in New York State; therefore the document should be
referenced for each application. Currently, these resources can be derived from one or more of

the following categories:

“8 6 NYCRR 664 - http://www.dec.ny.gov/regs/4612.html

4 6 NYCRR 663 - http://www.dec.ny.gov/regs/4613.html

SONTC, 2009.
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1y

2)

3)

4)

5)

6)
7)

8)

9)

10)

11)

12)

13)

14)

15)

A property on or eligible for inclusion in the National or State Register of Historic
Places [16 U.S.C. §470a et seq., Parks, Recreation and Historic Preservation Law
Section 14.07].

State Parks [Parks, Recreation and Historic Preservation Law Section 14.07].

Urban Cultural Parks [Parks, Recreation and Historic Preservation Law Section
35.15];

The State Forest Preserve [NYS Constitution Article XIV]

National Wildlife Refuges [16 U.S.C. 668dd], State Game Refuges and State Wildlife
Management Areas [ECL 11-2105]

National Natural Landmarks [36 CFR Part 62]
The National Park System, Recreation Areas, Seashores, Forests [16 U.S.C. Ic]

Rivers designated as National or State Wild, Scenic or Recreational [16 U.S.C.
Chapter 28, ECL 15-2701 et seq.]

A site, area, lake, reservoir or highway designated or eligible for designation as scenic
[ECL Article 49 or DOT equivalent and APA. Designated State Highway Roadside
(Article 49 Scenic Road).

Scenic Areas of Statewide Significance [of Article 42 of Executive Law]

A State or federally designated trail, or one proposed for designation [16 U.S.C.
Chapter 27 or equivalent]

Adirondack Park Scenic Vistas; [Adirondack Park Land Use and Development Map]

State Nature and Historic Preserve Areas; [Section 4 of Article XIV of State
Constitution.

Palisades Park; [Palisades Park Commission]

Bond Act Properties purchased under Exceptional Scenic Beauty or Open Space
category.

Many resources of the above type are found within the Marcellus and other shale regions.
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Chapter 3 Proposed SEQRA Review Process
3.1 Introduction — Use of a Generic Environmental Impact Statement
The Department’s regulations to implement the State Environmental Quality Review Act

(“SEQRA”), available at http://www.dec.ny.gov/regs/4490.html, authorize the use of generic

environmental impact statements to assess the environmental impacts of separate actions having
generic or common impacts. A generic environmental impact statement and its findings “set
forth specific conditions or criteria under which future actions will be undertaken or approved,
including requirements for any subsequent SEQR compliance.”’ When a final generic
environmental impact statement has been filed, “no further SEQR compliance is required if a
subsequent proposed action will be carried out in conformance with the conditions and

thresholds established for such actions” in the generic environmental impact statement.”

3.1.1 1992 GEIS and Findings

Drilling and production of separate oil and gas wells, and other wells regulated under the Oil,
Gas and Solution Mining Law (Article 23 of the Environmental Conservation Law) have
common impacts. After a comprehensive review of all the potential environmental impacts of

oil and gas drilling and production in New York, the Department found in 1992 that issuance of a

16 NYCRR 617.10(c)
26 NYCRR 617.10(d)(1)
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standard, individual oil or gas well drilling permit anywhere in the state, when no other permits
are involved, does not have a significant environmental impact.® See Appendix 2. The review
was conducted in accordance with SEQRA and is memorialized in the 1988 Draft and 1992 Final
GEIS on the Oil, Gas and Solution Mining Program, which are incorporated by reference into
this Supplement.* A separate finding was made that issuance of an oil and gas drilling permit for
a surface location above an aquifer is also a non-significant action based on special freshwater

aquifer drilling conditions implemented by the Department.

The Department further found in 1992 that issuance of a drilling permit for a location in a State
Parkland, in an Agricultural District, or within 2,000 feet of a municipal water supply well, or for
a location which requires other DEC permits, may be significant and requires a site-specific
SEQRA determination. The only instance where issuance of an individual permit to drill an oil
or gas well is always significant and always requires a Supplemental Environmental Impact
Statement ("SEIS") is when the proposed location is within 1,000 feet of a municipal water

supply well.

The Department also evaluated the action of leasing of state land for oil and gas development
under SEQRA and found no significant environmental impact associated with that action.’
Lease clauses and the permitting process with its attendant environmental review mitigate any

potential impacts that could result from a proposal to drill. See Appendix 3.

3.1.2 Need for a Supplemental GEIS

The SEQRA regulations require preparation of a supplement to a final generic environmental
impact statement if a subsequent proposed action may have one or more significant adverse
environmental impacts which were not addressed.® The Department determined that some
aspects of the current and anticipated application of horizontal drilling and high-volume
hydraulic fracturing warranted further review in the context of a Supplemental Generic

Environmental Impact Statement (SGEIS or Supplement). This determination was based

3http://www.dcc.n\/.,qov/docs/matcrialsﬁrnincrals pdf/geisfindorig.pdf

4 http://www.dec.ny.gov/energy/45912.html

5 Supplemental Findings Statement, April 19, 2003 (http://www.dec.ny.gov/docs/materials_minerals_pdf/geisfindsup.pdf)

66 NYCRR 617.10(d)(4)
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primarily upon three key factors: (1) required water volumes in excess of GEIS descriptions, (2)
possible drilling in the New York City Watershed, in or near the Catskill Park, and near the
federally designated Upper Delaware Scenic and Recreational River, and (3) longer duration of

disturbance at multi-well drilling sites.

1) Water Volumes: The GEIS describes use of up to 80,000 gallons of water for a typical
hydraulic fracturing operation. Multi-stage hydraulic fracturing of horizontal shale wells
may require the use and management of millions of gallons of water for each well. This
raised concerns about the volume of chemical additives present on a site, withdrawal of
large amounts of water from surface water bodies, and the management and disposal of
flowback water.

2) Anticipated Drilling Locations: While the GEIS does address drilling in drinking water
watersheds, areas of rugged topography, unique habitats and other sensitive areas, oil and
gas activity in the eastern third of the State was rare to non-existent at the time of
publication. Although the 1992 Findings have statewide applicability, the SGEIS
examines whether additional regulatory controls are needed in any of the new geographic
areas of interest given the attributes and characteristics of those areas. For example, the
GEIS does not address drilling in the vicinity of the New York City watershed
infrastructure which exists in the prospective area for Marcellus Shale drilling.

3) Multi-well pads: Well operators previously suggested that as many as 16 horizontal
wells could be drilled at a single well site, or pad. As stated in the following chapters,
current information suggests that 6 to 10 wells per pad is the likely distribution. While
this method will result in fewer disturbed surface locations, it will also result in a longer
duration of disturbance at each drilling pad than if only one well were to be drilled there.
ECL §23-0501(1)(b)(1)(vi) requires that all horizontal infill wells in a multi-well shale
unit be drilled within three years of the date the first well in the unit commences drilling.
The potential impacts of this type of multi-well project are not addressed in the GEIS.

3.2  Future SEQRA Compliance

The 1992 Findings Statement describes the well permit and attendant environmental review
processes for individual oil and gas wells. Each application to drill a well is an individual
project, and the size of the project is defined as the surface area affected by development. The
Department, which has had exclusive statutory authority since 1981 to regulate oil and gas

development activities, is lead agency for purposes of SEQRA compliance.

When application documents demonstrate conformance with the GEIS, SEQRA is satisfied and
no Determination of Significance or Negative or Positive Declaration under SEQRA is required.
In that event Staff files a record of consistency with the GEIS. For the permit issuance actions
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identified in the Findings Statement as potentially significant, or other projects where
circumstances exist that prevent a consistency determination, the Department’s Full
Environmental Assessment Form (EAF)’ is required and a site specific determination of
significance is made. Examples since 1992 where this determination has been made include
underground gas storage projects, well sites where special noise mitigation measures are
required, well sites that disturb more than two and a half acres in designated Agricultural
Districts, and geothermal wells drilled in proximity to New York City water tunnels. As stated
above, wells closer than 2,000 feet to a municipal water supply well would also require further

site-specific review, but none have been permitted since 1992.

Upon final approval and filing of this Supplemental Generic Environmental Statement, and

subsequent issuance of Supplemental Findings, the following will result:

1) An EAF Addendum for High-Volume Hydraulic Fracturing will be required in addition
to the other well permit application materials. The EAF Addendum will provide the
information necessary for Department staff to determine the next step based on the
SGEIS Supplemental Findings Statement.

2) In cases where the SGEIS Supplemental Findings Statement indicates that the GEIS and
the Supplement satisfy SEQRA, Department staff will not make Determinations of
Significance or issue Negative or Positive Declarations. Such projects have common
potential impacts, and the GEIS and this Supplement identify common mitigation
measures that will be implemented through existing regulatory programs and permit
conditions. Staff will file a record of GEIS/SGEIS consistency and process the well
permit application. Permit conditions will be added on a site-specific basis to ensure that
the permitted activities will not have a significant effect on the environment.

3) If the proposed action is not addressed in the GEIS and the Supplement, then additional
information will be required to determine whether the project may result in one or more
significant adverse environmental impacts. The projects that the Department proposes
fall into this category are listed in Section 3.2.3. Depending on the nature of the action,
the additional information may include the Full EAF; topographic, geological or
hydrogeological information; air impact analysis; chemical information or other
information deemed necessary by the Department to determine the potential for a
significant adverse environmental impact. A site-specific or project-specific
supplemental environmental impact statement may be required.

"http://www.dec.ny.gov/docs/permits_ej_operations_pdf/longeaf.pdf

Draft SGEIS 9/30/2009, 3-4



http://www.dec.ny.gov/docs/permits_ej_operations_pdf/longeaf.pdf

4) A supplemental findings statement must be prepared if the proposed action is adequately
addressed in the GEIS and the Supplement but is not addressed in the GEIS Findings
Statement or the SGEIS Supplemental Findings Statement.

The following sections explain how this Supplement will be used, together with the previous

GEIS, to satisfy SEQRA when high-volume hydraulic fracturing is proposed.

3.2.1 Review Parameters
In conducting SEQRA reviews, the Department will handle the topics of SGEIS applicability,

individual project scope, project size and lead agency as follows.

3.2.1.1 SGEIS Applicability - Definition of High-Volume Hydraulic Fracturing

The GEIS describes 80,000 gallons as the volume of a typical water-gel fracturing job. High-
volume hydraulic fracturing (or “slickwater fracturing”) of horizontal wells as described in this
Supplement requires millions of gallons of water. Horizontal well fracturing is done in stages,
using 300,000-600,000 gallons of water per stage (Chapter 5). Fracturing a vertical well by this
method could be equivalent to a single stage of a horizontal job, and could therefore require

300,000 or more gallons of water.

Potential impacts directly related to water volume are associated with water withdrawals, the
volume of chemicals present on the well pad for fracturing, the handling and disposition of
flowback water, and road use by trucks to haul both fresh water and flowback water. Judgment
of when these impacts become substantial enough to require all of the additional controls
described in this Supplement is subjective. The Department proposes the following
methodology, applicable to both vertical and horizontal wells that will be subjected to hydraulic

fracturing:

< 80,000 gallons: Not considered high-volume; GEIS mitigation is sufficient.

80,001 — 299,999 gallons:  May be considered high-volume. The applicant must complete the
portions of the EAF Addendum related to water source, fracture
fluid makeup, distances, water wells and a fluid disposal plan. For
a multi-well site, the applicant must also complete the portions
related to air emissions (e.g., stack heights, particulate matter
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controls, etc.). The Department will determine, based on potential
impacts, to what extent SGEIS mitigation measures are required to

satisfy SEQRA.

> 300,000 gallons: Always considered high-volume. All relevant procedures and
mitigation measures set forth in this Supplement are required for
the SGEIS and GEIS to satisfy SEQRA without a site-specific

determination.

3.2.1.2 Project Scope

Each application to drill a well will continue to be considered as an individual project with
respect to well drilling, construction, hydraulic fracturing (including additive use), and any
aspects of water and materials management (source, containment and disposal) that vary between
wells on a pad. Well permits will be individually issued and conditioned based on review of
well-specific application materials. However, location screening for well pad setbacks and other
required permits, review of access road location and construction, and the required stormwater
permit coverage will be for the well pad based on submission of the first well permit application

for the pad.

The only two cases where the project scope extends beyond the well pad and its access road are
when the application documents propose surface water withdrawals or centralized flowback
water surface impoundments that have not been previously approved by the Department. Such
proposed withdrawals and impoundments will be considered part of the project scope for the first
well permit application that indicates their use, and all well permit applications that propose their
use will be considered incomplete until the Department has approved the withdrawal or the

impoundment.

Chapter 3 of the GEIS and Section 1.5 of the Final Scope explain why gathering lines,
compressor stations and pipelines are not within the scope of project review for well permit
applications by the Department. Chapter 5 of this Supplement describes the facilities likely to be
associated with a multi-well shale gas production site, and also provides details on the Public

Service Commission’s environmental review process for these facilities.
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3.2.1.3 Size of Project

The size of the project will continue to be defined as the surface acreage affected by
development, including the well pad, the access roads, and any other physical alteration
necessary. The Department’s well drilling and construction requirements, including the
supplementary permit conditions proposed herein, preclude any subsurface impacts other than
the permitted action to recover hydrocarbons. Most wells will be drilled on multi-well pads,
described in Chapter 5 as likely to be between 4 and 5 acres in size, with pads larger than 5 acres
possible, during the drilling and hydraulic fracturing stages of operations. Average production
pad size, after reclamation, is likely to be between 1 and 3 acres. Access road acreage depends
on the location, the length of the road and other factors. In general, each 150 feet of access road

adds 1/10"™ of an acre to the total surface acreage disturbance.

Centralized flowback water surface impoundments, when included in the project scope, may be
as large as five acres for the impoundment itself, plus the acreage necessary for the access road,

work areas, and to restrict access.

Surface water withdrawal sites will generally consist of hydrants, meters, power facilities, a
gravel pad for water truck access, and possibly one or more storage tanks. These sites would

generally be expected to be rather small, less than an acre or two in size.

3.2.1.4 Lead Agency

In 1981, the Legislature gave exclusive authority to the Department to regulate the oil, gas and
solution mining industries under ECL §23-0303(2). Thus, only the Department has jurisdiction
to grant drilling permits for wells subject to Article 23, except within State Parklands. The
criteria for lead agency specify that the lead agency should be the one that has the broadest
governmental powers for investigation into the impacts and the greatest capability for the most
through environmental assessment of the action. These criteria would support the Department as
lead agency. However, if the proposed action falls under the jurisdiction of more than one
agency, based, for example, on the need for a local floodplain development permit, the lead
agency must be determined by agreement among the involved agencies. An involved agency has

the obligation to ensure that the lead agency is aware of all issues of concern to the involved
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agency. To the extent practicable, the Department will actively seek lead agency designation

consistent with the general intent of Chapter 846 of the Laws of 1981.

3.2.2 EAF Addendum

The 1992 Findings authorized use of a shortened, program-specific environmental assessment
form ("EAF"), which is required with every well drilling permit application.® (See Appendices 2
and 5). The EAF and well drilling application form” do not stand alone, but are supported by the
four-volume GEIS, the applicant’s well location plat, proposed site-specific drilling and well
construction plans, Department staff's site visit, and GIS-based location screening, using the
most current data available. Oil and gas staff consults and coordinates with staff in other
Department programs when site review and the application documents indicate an environmental

concern or potential need for another Department permit.

The Department has developed an EAF Addendum for gathering and compiling the information
needed for two purposes: (1) to evaluate high-volume hydraulic fracturing projects in the

context of this SGEIS and its Supplemental Findings Statement with respect to SEQRA, and (2)
to identify the required site-specific mitigation measures. The EAF Addendum will be required

as follows:

1) With the application to drill the first well on a pad proposed for high-volume
hydraulic fracturing;

2) With the applications to drill subsequent wells on the pad for high-volume
hydraulic fracturing if any of the information changes; and

3) Prior to high-volume re-fracturing of an existing well.
Categories of information required with the EAF addendum are summarized below, and

Appendix 6 provides a full listing of the proposed EAF Addendum requirements.

3.2.2.1 Hydraulic Fracturing Information
Required information will include the minimum depth and elevation of the top of the fracture

zone, estimated maximum depth and elevation of the bottom of potential fresh water,

*http://www.dec.ny.gov/docs/materials_minerals_pdf/eaf dril.pdf

? http://www.dec.ny.gov/docs/materials_minerals_pdf/dril_req.pdf
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identification of the proposed fracturing service company and additive products, the proposed

volume of fracturing fluid and percent by weight of water, proppants and each additive.

3.2.2.2 Water Source Information

The operator will be required to identify the source of water used to be used for hydraulic
fracturing, and provide information about any newly proposed surface water source that has not
been previously approved by the Department as part of a well permit application. The proposed
withdrawal location, information about the size of the upstream drainage area and available
stream gauge data will be required to demonstrate the operator’s compliance relative to stream

flow and the narrative flow standard in 6 NYCRR 703.2.

3.2.2.3 Distances
Distances to the following resources or cultural features will be required, along with a
topographic map of the area showing the well pad, well location, and scaled distances to the

relevant resources and features.

e Surface location of proposed well to any known water well or domestic supply spring
within 2,640 feet;

e Closest edge of well pad to:

0 Any water supply reservoir within 1,320 feet (includes reservoir stem and
controlled lake in NYC Watershed),

O Any perennial or intermittent stream, wetland, storm drain, lake or pond within
660 feet (includes watercourse in NYC Watershed),

0 Any occupied structures or places of assembly within 1,320 feet; and
e Capacity of rig fuel tank and distance to:
O Any primary or principal aquifer, public or private water well, domestic-supply
spring, reservoir, perennial or intermittent stream, storm drain, wetland, lake or

pond within 500 feet of the planned tank location (include reservoir stem,
controlled lake and watercourse in NYC Watershed).
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3.2.2.4 Water Well Information

The EAF addendum for high-volume hydraulic fracturing will require evidence of diligent
efforts by the well operator to determine the existence of public or private water wells and
domestic-supply springs within half a mile (2,640 feet) of any proposed drilling location. The
operator will be required to identify the wells and provide available information about their
depth, completed interval and use. Use information will include whether the well is public or
private, community or non-community and the type of facility or establishment if it is not a

private residence. Information sources available to the operator include:

o direct contact with municipal officials,

. direct communication with property owners and tenants,

J communication with adjacent lessees,

J EPA’s Safe Drinking Water Act Information System database, available at

http://oaspub.epa.gov/enviro/sdw_form_v2.create_page?state_abbr=NY , and

° DEC’s Water Well Information search wizard, available at
http://www.dec.ny.gov/cfmx/extapps/WaterWell/index.cfm?view=searchByCounty .

Upon receipt of a well permit application, Department staff will compare the operator’s well list
to internally available information and notify the operator of any discrepancies or additional
wells that are indicated within half a mile of the proposed well pad. The operator will be

required to amend its EAF Addendum accordingly.

3.2.2.5 Fluid Disposal Plan

The Department’s oil and gas regulations, specifically 6 NYCRR 554.1(c)(1), require a fluid
disposal plan to be approved by the Department prior to well permit issuance for “any operation
in which the probability exists that brine, salt water or other polluting fluids will be produced or
obtained during drilling operations in sufficient quantities to be deleterious to the surrounding
environment . . .” To fulfill this obligation, the EAF Addendum will require information about

flowback water disposition, including:

e Planned transport off of well pad (truck or piping), and information about any proposed
piping;
Draft SGEIS 9/30/2009, 3-10
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e Planned disposition (e.g., treatment facility, disposal well, reuse, centralized surface
impoundment or centralized tank facility);

e Identification and permit numbers for any proposed treatment facility or disposal well
located in New York; and

e Location and detailed construction and operational information for any proposed
centralized flowback water surface impoundment located in New York.
3.2.2.6 Operational Information

Other required information about well pad operations will include:

¢ Information about the planned construction and capacity of the reserve pit;

e Information about the number and individual and total capacity of receiving tanks on the
well pad for flowback water;

e Stack heights for: drilling rig and hydraulic fracturing engines, flowback vent/flare,
glycol dehydrator. If proposed flowback vent/flare stack height is less than 30 feet, then
documentation that previous drilling at the pad did not encounter H2S is required;

e Description of planned public access restrictions, including physical barriers and distance
to edge of well pad; and

e Description of other control measures planned to reduce particulate matter emissions
during the hydraulic fracturing process.

3.2.2.7 Invasive Species Survey and Map
The Department will require that well operators submit, with the EAF Addendum, a
comprehensive survey of the entire project site, documenting the presence and identity of any
invasive plant species. As described in Chapter 7, this survey will establish a baseline measure of
percent aerial coverage and, at a minimum, must include the plant species identified on the
Interim List of Invasive Plant Species in New York State. A map (1:24,000) showing all
occurrences of invasive species within the project site must be produced and included with the

survey as part of the EAF Addendum.

3.2.2.8 Required Affirmations

The EAF Addendum will require operator affirmations to address the following:
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e pass by flow for surface water withdrawals,
e review of local floodplain maps,

e review of local comprehensive, open space and/or agricultural plan or similar policy
documents,

e residential water well sampling and monitoring,
e access road location,

e stormwater permit coverage,

e use of ultra-low sulfur fuel,

e preparation of site plans to address visual and noise impacts, invasive species mitigation
and greenhouse gas emissions, and

e adherence to all well permit conditions.

3.2.3 Projects Requiring Site-Specific SEQRA Determinations

The Department proposes that site-specific environmental assessments and SEQRA
determinations be required for the high-volume hydraulic fracturing projects listed below,
regardless of the target formation, the number of wells drilled on the pad and whether the wells

are vertical or horizontal.

1) Any proposed high-volume hydraulic fracturing where the top of the target fracture
zone is shallower than 2,000 feet along the entire proposed length of the wellbore;

2) Any proposed high-volume hydraulic fracturing where the top of the target fracture
zone at any point along the entire proposed length of the wellbore is less than 1,000
feet below the base of a known fresh water supply;

3) Any proposed centralized flowback water surface impoundment. Emphasis of the
initial review will be on proposed additive chemistry relative to potential emissions of
Hazardous Air Pollutants. Additional review of site topography, geology and
hydrogeology will be required for any proposed centralized flowback water surface
impoundment at the following locations:

a) within 1,000 feet of a reservoir;
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b) within 500 feet of a perennial or intermittent stream, wetland, storm drain, lake or
pond, or within 300 feet of a public or private water well or domestic supply

spring;
4) Any proposed well pad within 300 feet of a reservoir, reservoir stem or controlled

lake;10

5) Any proposed well pad within 150 feet of a private water well, domestic-use spring,
watercourse, perennial or intermittent stream, storm drain, lake or pond; 1

6) A proposed surface water withdrawal that is found not to be consistent with the
Department’s preferred passby flow methodology as described in Chapter 7; and

7) Any proposed well location determined by NYCDEP to be within 1,000 feet of
subsurface water supply infrastructure.

In addition, the Department will continue to review applications in accordance with its 1992
finding that issuance of a permit to drill less than 1,000 feet from a municipal water supply well
is considered “always significant” and requires a site-specific Supplemental Environmental
Impact Statement (SEIS) dealing with groundwater hydrology, potential impacts and mitigation
measures. Any proposed well location between 1,000 and 2,000 feet from a municipal water
supply well requires a site-specific assessment and SEQRA determination, and may require a
site-specific SEIS. The GEIS provides the discretion to apply the same process to other public
water supply wells. The Department will continue to exercise its discretion regarding
applicability to other public supply wells (i.e., community and non-community water supply

system wells) when information is available.

The Department is not proposing to alter its 1992 Findings that proposed disposal wells require
individual site-specific review or that proposed disturbances larger than 2.5 acres in designated
Agricultural Districts require a site-specific SEQRA determination. Likewise, proposed projects
that require other Department permits will continue to require site-specific SEQRA

determinations regarding the activities covered by those permits. No site-specific determination

is necessary when coverage under a general stormwater permit is required, as the Department

issues its general permits pursuant to a separate process.

1 The terms “reservoir stem” and “controlled lake” as used here are only applicable in the New York City Watershed, as defined
by NYC’s Watershed rules and regulations. See Section 2.4.4.3.

" The term “watercourse” as used here is only applicable in the New York City Watershed, as defined by NYC’s Watershed
rules and regulations. See Section 2.4.4.3.
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This Chapter supplements and expands upon Chapter 5 of the GEIS. Sections 4.1 through 4.5
and the accompanying figures and tables were provided in their entirety by Alpha
Environmental, Inc., under contract to NYSERDA to assist the Department with research related
to this SGEIS."! Alpha’s citations are retained for informational purposes, and are listed in the
“consultants’ references” section of the Bibliography. Section 4.6 discusses how Naturally
Occurring Radioactive Materials (NORM) in Marcellus Shale Marcellus Shale is addressed in
the SGEIS.

The influence of natural geologic factors with respect to hydraulic fracture design and subsurface
fluid mobility is discussed Chapter 5, specifically in Sections 5.8 (hydraulic fracture design) and
5.11.1.1 (subsurface fluid mobility).

4.1  Introduction

The natural gas industry in the US began in 1821 with a well completed by William Aaron Hart
in the upper Devonian Dunkirk Shale in Chautauqua County. The “Hart” well supplied
businesses and residents in Fredonia, New York with natural gas for 37 years. Hundreds of
shallow wells were drilled in the following years into the shale along Lake Erie and then
southeastward into western New York. Shale gas fields development spread into Pennsylvania,
Ohio, Indiana, and Kentucky. Gas has been produced from the Marcellus since 1880 when the
first well was completed in the Naples field in Ontario County. Eventually, as other formations
were explored, the more productive conventional oil and natural gas fields were developed and

shale gas (unconventional natural gas) exploration diminished.

The US Energy Research and Development Administration (ERDA) began to evaluate gas
resources in the US in the late 1960s. The Eastern Gas Shales Project was initiated in 1976 by
the ERDA (later the US Department of Energy) to assess Devonian and Mississippian black
shales. The studies concluded that significant natural gas resources were present in these tight

formations.

The interest in development of shale gas resources increased in the late 20th and early 21st

century as the result of an increase in energy demand and technological advances in drilling and

! Alpha, 2009
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well stimulation. The total unconventional natural gas production in the US increased by 65%
and the proportion of unconventional gas production to total gas production increased from 28%

in 1998 to 46% in 2007.>

A description of New York State geology and its relationship to oil, gas, and salt production is
included in the 1992 GEIS. The geologic discussion provided herein supplements the
information as it pertains to gas potential from unconventional gas resources. Emphasis is
placed on the Utica and Marcellus shales because of the widespread distribution of these units in

New York.

4.2  Black Shales

Black shales are fine-grained sedimentary rocks that contain high levels of organic carbon. The
fine-grained material and organic matter accumulate in deep, warm, quiescent marine basins.
The warm climate favors the proliferation of plant and animal life. The deep basins allow for an
upper aerobic (oxygenated) zone that supports life and a deeper anaerobic (oxygen-depleted)
zone that inhibits decay of accumulated organic matter. The organic matter is incorporated into
the accumulating sediments and is buried. Pressure and temperature increase and the organic
matter is transformed by slow chemical reactions into liquid and gaseous petroleum compounds
as the sediments are buried deeper. The degree to which the organic matter is converted is
dependent on the maximum temperature, pressure, and burial depth. The extent that these
processes have transformed the carbon in the shale is represented by the thermal maturity and
transformation ratio of the carbon. The more favorable gas producing shales occur where the
total organic carbon (TOC) content is at least 2% and where there is evidence that a significant

amount of gas has formed and been preserved from the TOC during thermal maturation.’

Oil and gas are stored in isolated pore spaces or fractures and adsorbed on the mineral grains.*
Porosity (a measure of the void spaces in a material) is low in shales and is typically in the range

of 0 to 10 percent.” Porosity values of 1 to 3 percent are reported for Devonian shales in the

2 Alpha, 2009
3 Alpha, 2009
* Alpha, 2009
> Alpha, 2009
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Appalachian Basin.® Permeability (a measure of a material’s ability to transmit fluids) is also
low in shales and is typically between 0.1 to 0.00001 millidarcy (md).” Hill et al. (2002)
summarized the findings of studies sponsored by NYSERDA that evaluated the properties of the
Marcellus Shale. The porosity of core samples from the Marcellus in one well in New York
ranged from 0 to 18%. The permeability of Marcellus Shale ranged from 0.0041 md to 0.216 md

in three wells in New York State.

Black shale typically contains trace levels of uranium that is associated with organic matter in
the shale.® The presence of naturally occurring radioactive materials (NORM) induce a response
on gamma-ray geophysical logs and is used to identify, map, and determine thickness of gas

shales.

The Appalachian Basin was a tropical inland sea that extended from New York to Alabama
(Figure 4.1). The tropical climate of the ancient Appalachian Basin provided favorable
conditions for generating the organic matter, and the erosion of the mountains and highlands
bordering the basin provided clastic material for deposition. The sedimentary rocks that fill the
basin include shales, siltstones, sandstones, evaporites, and limestones that were deposited as
distinct layers that represent several sequences of sea level rise and fall. Several black shale

formations, which may produce natural gas, are included in these layers.’

6 Alpha, 2009
7 Alpha, 2009
8 Alpha, 2009
? Alpha, 2009
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The stratigraphic column for New York State is shown in Figure 4.2 and includes oil and gas
producing horizons. Figure 4.3 is a generalized cross-section from west to east across the
southern tier of New York State and shows the variation of thickness and depth of the various

stratigraphic units.

The Ordovician-aged Utica Shale and the Devonian-aged Marcellus Shale are of particular
interest because of recent estimates of natural gas resources and because these units extend
throughout the Appalachian Basin from New York to Tennessee. There are a number of other
black shale formations (Figures 4.2 and 4.3) in New York that may produce natural gas on a
localized basis.'® The following sections describe the Utica and Marcellus shales in greater

detail.

4.3  Utica Shale

The Utica Shale is an upper Ordovician-aged black shale that extends across the Appalachian
Plateau from New York and Quebec, Canada, south to Tennessee. It covers approximately
28,500 square miles in New York and extends from the Adirondack Mountains to the southern
tier and east to the Catskill front (Figure 4.4). The Utica shale is exposed in outcrops along the
southern and western Adirondack Mountains, and it dips gently south to depths of more than

9,000 feet in the southern tier of New York.

The Utica shale is a massive, fossiliferous, organic-rich, thermally-mature, black to gray shale.
The sediment comprising the Utica shale was derived from the erosion of the Taconic Mountains
at the end of the Ordovician, approximately 440 to 460 million years ago. The shale is bounded
below by Trenton Group strata and above by the Lorraine Formation and consists of three
members in New York State that include: Flat Creek Member (oldest), Dolgeville Member, and
the Indian Castle Member (youngest).!' The Canajoharie shale and Snake Hill shale are found in
the eastern part of the state and are lithologically equivalent, but older than the western portions

of the Utica.'?

12 Alpha, 2009
' Alpha, 2009
12 Alpha, 2009
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There is some disagreement over the division of the Utica shale members. Smith & Leone
(2009) divide the Indian Castle Member into an upper low-organic carbon regional shale and a
high-organic carbon lower Indian Castle. Nyahay et al. (2007) combines the lower Indian Castle
Member with the Dolgeville Member. Fisher (1977) includes the Dolgeville as a member of the

Trenton Group. The stratigraphic convention of Smith and Leone is used in this document.

Units of the Utica shale have abundant pyrite, which indicate deposition under anoxic conditions.
Geophysical logs and cutting analyses indicate that the Utica Shale has a low bulk density and

high total organic carbon content."

The Flat Creek and Dolgeville Members are found south and east of a line extending
approximately from Steuben County to Oneida County (Figure 4.4). The Dolgeville is an
interbedded limestone and shale. The Flat Creek is a dark, calcareous shale in its western extent
and grades to a argillaceous calcareous mudstone to the east. These two members are time-
equivalent and grade laterally toward the west into Trenton limestones.'* The lower Indian
Castle Member is a fissile, black shale and is exposed in road cuts, particularly at the New York
State Thruway (I-90) exit 29A in Little Falls. Figure 4.5 shows the depth to the base of the Utica
Shale."” This depth corresponds approximately with the base of the organic-rich section of the

Utica Shale.

'3 Alpha, 2009
' Alpha, 2009
' Alpha, 2009
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Figure 4.2

Stratigraphic Column of New York; Oil and Gas Producing Horizons

(from D.G. Hill, T.E. Lombardi and J. P. Martin, 2002)

PERIOD GROUP UNIT LITHOLOGY TH'EE(:)ESS PRODUCTION
PENNSYLVANIAN Pottsville Olean Ss, cgl 75 -100
MISSISSIPPIAN Pocono Knapp Ss, cgl 5-100
Conewango Riceville Sh, ss, cgl 70
Conneuat Chadakoin Sh, ss 700
Undiff Sh, Ss Qil, Gas
Canadaway Perrysburg- Sh, ss 1,100 - 1,400 Qil, Gas
Dunkirk Sh, ss
UPPER Java Sh, ss
West Falls Nunda Sh, ss 365 -125 Qil, Gas
z Rhinestreet Sh
%‘: Sonyea Middlesex Sh 0-400 Gas
e Genesee Geneseo Sh 0 -450 Gas
o ? Tully Ls 0-50 Gas
& Moscow Sh
. Ludlowville Sh
MIDDLE Hamilton Skaneateles Sh 200 - 600
Marcellus Sh Gas
Onondaga Ls 30 - 235 Gas, Oil
Tristates Oriskany Ss 0-40 Gas
LOWER Manlius Ls
Heldergerg Rondout Dol 0-10
Akron Dol 0-15 Gas
Camillus Sh, gyp
Salina Syracuse Dol, sh, slt 450 - 1,850
UPPER Vernon Sh Gas
§ Lockport Lockport Dol 150 - 250 Gas
o Rochester Sh 125 Gas
2 Irondequoit Ls
-
%) Clinton Sodus/Oneida Sh/cgl Gas
Reynales Ls 75
LOWER Thorold Ss
Medina Grimsby Sh, ss 75 - 150 Gas
Whirlpool Ss 0-25 Gas
Queenston Sh Gas
= Oswego Ss 1,100 - 1,500 Gas
< UPPER Lorraine Sh
g Utica sh 900 - 1000 Gas
(@] Trenton-Black Trenton Ls 425 - 625 Gas
e MIDDLE River Black River Ls 225 - 550 Gas
© Tribes Hill-
LOWER Beekmantown Ls 0-550
Chuctanunda
Little Falls Dol 0 - 350
CAMB. UPPER Galway Dol, ss 575 - 1,350 Gas
Potsdam Ss, dol 75 - 500 Gas
PRECAMBRIAN Gneiss, marble, quartzite
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4.3.1 Total Organic Carbon

Measurements of TOC in the Utica Shale are sparse. Where reported, TOC has been measured
at over 3% by weight.'® Nyahay et al. (2007) compiled measurements of TOC for core and
outcrop samples. TOC in the lower Indian Castle, Flat Creek, and Dolgeville Members generally
ranges from 0.5 to 3%. TOC in the upper Indian Castle Member is generally below 0.5%. TOC

as high as 3.0% in eastern New York and 15% in Ontario and Quebec were also reported.'’

The New York State Museum Reservoir Characterization Group evaluated cuttings from the
Utica Shale wells in New York State and reported up to 3% TOC.'® Jarvie et al. (2007) showed
that analyses from cutting samples may underestimate TOC by approximately half; therefore, it
may be as high as 6%. Figure 4.6 shows the combined total thickness of the organic-rich
(greater than 1%, based on cuttings analysis) members of the Utica Shale. As shown on Figure
4.6, the organic-rich Utica Shale ranges from less than 50 feet thick in north-central New York

and increases eastward to more than 700 feet thick.

'S Alpha, 2009
'7 Alpha, 2009
'8 Alpha, 2009
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4.3.2 Thermal Maturity and Fairways

Nyahay, et al. (2007) presented an assessment of gas potential in the Marcellus and Utica shales.
The assessment was based on an evaluation of geochemical data from core and outcrop samples
using methods applied to other shale gas plays, such as the Barnett Shale in Texas. A gas
production “fairway”, which is a portion of the shale most likely to produce gas based on the
evaluation, was presented. Based on the available, limited data, Nyahay et al. (2007) concluded
that most of the Utica Shale is supermature and that the Utica Shale fairway is best outlined by
the Flat Creek Member where the TOC and thickness are greatest. This area extends eastward
from a northeast-southwest line connecting Montgomery to Steuben Counties (Figure 4.7). The
fairway shown on Figure 4.7 correlates approximately with the area where the organic-rich
portion of the Utica Shale is greater than 100 feet thick shown on Figure 4.6."° The fairway is
that portion of the formation that has the potential to produce gas based on specific geologic and
geochemical criteria; however, other factors, such as formation depth, make only portions of the
fairway favorable for drilling. Operators consider a variety of these factors, besides the extent of

the fairway, when making a decision on where to drill for natural gas.

The results of the 2007 evaluation are consistent with an earlier report by Weary et al. (2000)
that presented an evaluation of thermal maturity based on patterns of thermal alteration of
conodont microfossils across New York State. The data presented show that the thermal
maturity of much of the Utica Shale in New York is within the dry natural gas generation and

preservation range and generally increases from northwest to southeast.

4.3.3 Potential for Gas Production

The Utica Shale historically has been considered the source rock for the more permeable
conventional gas resources. Fresh samples containing residual kerogen and other petroleum
residuals reportedly have been ignited and can produce an oily sheen when placed in water.”’
Significant gas shows have been reported while drilling through the Utica Shale in eastern and

central New York.?!

' Alpha, 2009
20 Alpha, 2009
21 Alpha, 2009
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No Utica Shale gas production was reported to DEC in 2009. Vertical test wells completed in
the Utica in the St. Lawrence Lowlands of Quebec have produced up to one million cubic feet

per day (MMcf/d) of natural gas, and horizontal test wells are planned for 2009 (June, 2009).

4.4 Marcellus Formation

The Marcellus Formation is a Middle Devonian-aged member of the Hamilton Group that
extends across most of the Appalachian Plateau from New York south to Tennessee. The
Marcellus Formation consists of black and dark gray shales, siltstones, and limestones. The
Marcellus Formation lies between the Onondaga limestone and the overlying Stafford-Mottville
limestones of the Skaneateles Formation® and ranges in thickness from less than 25 feet in
Cattaraugus County to over 1,800 feet along the Catskill front.” The informal name “Marcellus
Shale” is used interchangeably with the formal name “Marcellus Formation.” The discussion
contained herein uses the name Marcellus Shale to refer to the black shale in the lower part of the

Hamilton Group.

The Marcellus Shale covers an area of approximately 18,700 square miles in New York (Figure
4.8), is bounded approximately by US Route 20 to the north and interstate 87 and the Hudson
River to the east, and extends to the Pennsylvania border. The Marcellus is exposed in outcrops

to the north and east and reaches depths of more than 5,000 feet in the southern tier (Figure 4.8).

The Marcellus Shale in New York State consists of three primary members®*. The oldest (lower-
most) member of the Marcellus is the Union Springs Shale which is laterally continuous with the
Bakoven Shale in the eastern part of the state. The Union Springs (and Bakoven Shale) are
bounded below by the Onondaga and above by the Cherry Valley Limestone in the west and the
correlative Stony Hollow Member in the East. The upper-most member of the Marcellus Shale
is the Oatka Creek Shale (west) and the correlative Cardiff-Chittenango Shales (east). The
members of primary interest with respect to gas production are the Union Springs and lower-

most portions

22 Alpha, 2009
2 Alpha, 2009
 Alpha, 2009
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of the Oatka Creek Shale.” The cumulative thickness of the organic-rich layers ranges from

less than 25 feet in western New York to over 300 feet in the east (Figure 4.9).

Gamma ray logs indicate that the Marcellus Shale has a slightly radioactive signature on gamma
ray geophysical logs, consistent with typical black shales. Concentrations of uranium ranging

from 5 to 100 parts per million have been reported in Devonian gas shales.”

4.4.1 Total Organic Carbon

Figure 4.10 shows the aerial distribution of total organic carbon (TOC) in the Marcellus Shale
based on the analysis of drill cuttings sample data.”” TOC generally ranges between 2.5 and 5.5
percent and is greatest in the central portion of the state. Ranges of TOC values in the Marcellus

were compiled and reported between 3 to 12%>* and 1 to 10.1%.%

4.4.2 Thermal Maturity and Fairways

Vitrinite reflectance is a measure of the maturity of organic matter in rock with respect to
whether it has produced hydrocarbons and is reported in percent reflection (%Ro). Values of 1.5
to 3.0% Ro are considered to correspond to the “gas window,” though the upper value of the

window can vary depending on formation and kerogen type characteristics.

VanTyne (1993) presented vitrinite reflection data from nine wells in the Marcellus Shale in
Western New York. The values ranged from 1.18 % Ro to 1.65 % Ro, with an average of 1.39
%Ro. The vitrinite reflectance values generally increase eastward. Nyahay et al (2007) and
Smith & Leone (2009) presented vitrinite reflectance data for the Marcellus Shale in New York
(Figure 4.11) based on samples compiled by the New York State Museum Reservoir
Characterization Group. The values ranged from less than 1.5 % Ro in western New York to

over 3 % Ro in eastern New York.

5 Alpha, 2009
26 Alpha, 2009
27 Alpha, 2009
8 Alpha, 2009
 Alpha, 2009
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Nyahay et al. (2007) presented an assessment of gas potential in the Marcellus Shale that was
based on an evaluation of geochemical data from rock core and outcrop samples using methods
applied to other shale gas plays, such as the Barnett Shale in Texas. The gas productive fairway
was identified based on the evaluation and represents the portion of the Marcellus Shale most
likely to produce gas. The Marcellus fairway is similar to the Utica Shale fairway and is shown
on Figure 4.12. The fairway is that portion of the formation that has the potential to produce gas
based on specific geologic and geochemical criteria; however, other factors, such as formation
depth, make only portions of the fairway favorable for drilling. Operators consider a variety of
these factors, besides the extent of the fairway, when making a decision on where to drill for
natural gas. Variation in the actual production is evidenced by Marcellus Shale wells outside the

fairway that have produced gas and wells within the fairway that have been reported dry.

4.4.3 Potential for Gas Production

Gas has been produced from the Marcellus since 1880 when the first well was completed in the
Naples field in Ontario County. The Naples field produced 32 MMcf during its productive life
and nearly all shale gas discoveries in New York since then have been in the Marcellus Shale.*

All gas wells completed in the Marcellus Shale to date are vertical wells.’'

The NYSDEC’s summary production database includes reported natural gas production for the
years 1967 through 1999. Approximately 544 MMcf of gas was produced from wells completed
in the Marcellus Shale during this period.32 In 2008, the most recent reporting year available, a
total of 64.1 MMcf of gas was produced from 15 Marcellus Shale wells in Livingston, Steuben,
Schuyler, Chemung, and Allegany Counties.

Volumes of in-place natural gas resources have been estimated for the entire Appalachian Basin.
Charpentier et al. (1982) estimated a total in-place resource of 844.2 trillion cubic feet (tcf) in all
Devonian shales, which includes the Marcellus Shale. Approximately 164.1 tcf, or 19%, of the

total is from Devonian shales in New York State. NYSERDA estimates that approximately 15%

of the total Devonian shale gas resource of the Appalachian Basin lies beneath New York State.

3% Alpha, 2009
31 Alpha, 2009
32 Alpha, 2009
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Engelder and Lash (2008) recently estimated an in-place resource of 500 tcf in the Marcellus
shale beneath New York, Pennsylvania, West Virginia, and Maryland. Other natural gas plays,
such as the Barnett Shale, typically produce more than 10% of the in-place resource; therefore,
the potential resource over time from Marcellus Shale in the four state region including New
York is approximately 50 tcf. A 15% to 19% portion of 50 tcf translates to a potential resource
of approximately 7.5 to 9.5 tcf of gas over time in the Marcellus Shale in New York State.

45  Seismicity in New York State

45.1 Background

The term “earthquake” is used to describe any event that is the result of a sudden release of
energy in the earth's crust that generates seismic waves. Many earthquakes are too minor to be
detected without sensitive equipment. Hydraulic fracturing releases energy during the fracturing
process at a level substantially below that of small, naturally occurring, earthquakes. Large
earthquakes result in ground shaking and sometimes displacing the ground surface. Earthquakes
are caused mainly by movement along geological faults, but also may result from volcanic
activity and landslides. An earthquake's point of origin is called its focus or hypocenter. The

term epicenter refers to the point at the ground surface directly above the hypocenter.

Induced seismicity refers to seismic events triggered by human activity such as mine blasts,
nuclear experiments, and fluid injection, including hydraulic fracturing.® Induced seismic
waves (seismic refraction and seismic reflection) also are a common tool used in geophysical
surveys for geologic exploration. The surveys are used to investigate the subsurface for a wide
range of purposes including landfill siting; foundations for roads, bridges, dams and buildings;
oil and gas exploration; mineral prospecting; and building foundations. Methods of inducing
seismic waves range from manually striking the ground with weight to setting off controlled

blasts.

Geologic faults are fractures along which rocks on opposing sides have been displaced relative to
each other. The amount of displacement may be small (centimeters) or large (kilometers).
Geologic faults are prevalent and typically are active along tectonic plate boundaries. One of the

most well known plate boundary faults is the San Andreas fault zone in California. Faults also

33 Alpha, 2009
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occur across the rest of the U.S., including mid-continent and non-plate boundary areas, such as
the New Madrid fault zone in the Mississippi Valley, or the Ramapo fault system in southeastern

New York and eastern Pennsylvania.

Figure 4.13 shows the locations of faults and other structures that may indicate the presence of
buried faults in New York State.>® There is a high concentration of structures in eastern New
York along the Taconic Mountains and the Champlain Valley that resulted from the intense
thrusting and continental collisions during the Taconic and Alleghenian orogenies that occurred
350 to 500 million years ago.” There also is a high concentration of faults along the Hudson
River Valley. More recent faults in northern New York were formed as a result of the uplift of

the Adirondack Mountains approximately 5 to 50 million years ago.

4.5.2 Seismic Risk Zones

The USGS Earthquake Hazard Program has produced the National Hazard Maps showing the
distribution of earthquake shaking levels that have a certain probability of occurring in the
United States. The maps were created by incorporating geologic, geodetic and historic seismic
data, and information on earthquake rates and associated ground shaking. These maps are used
by others to develop and update building codes and to establish construction requirements for

public safety.

New York State is not associated with a major fault along a tectonic boundary like the San
Andreas, but seismic events are common in New York. Figure 4.14 shows the seismic hazard
map for New York State.*® The map shows levels of horizontal shaking, in terms of percent of
the gravitational acceleration constant (%g) that is associated with a 2 in 100 (2%) probability of
occurring during a 50 year period®’. Much of the Marcellus and Utica Shales underlie portions
of the state with the lowest seismic hazard class rating in New York (2 % probability of
exceeding 4 to 8 %g in a fifty year period). The areas around New York City, Buffalo, and

northern-most

3* Alpha, 2009
35 Alpha, 2009
36 Alpha, 2009
37 Alpha, 2009
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New York have a moderate to high seismic hazard class ratings (2% probability of exceeding 12

to 40 %g 1n a fifty year period).

4.5.3 Seismic Damage — Modified Mercalli Intensity Scale

There are several scales by which the magnitude and the intensity of a seismic event are
reported. The Richter magnitude scale was developed in 1935 to measure of the amount of
energy released during an earthquake. The moment magnitude scale (MMS) was developed in
the 1970s to address shortcomings of the Richter scale, which does not accurately calculate the
magnitude of earthquakes that are large (greater than 7) or distant (measured at a distance greater

than 250 miles away). Both scales report approximately the same magnitude for earthquakes

less than a magnitude of 7 and both scales are logarithmic-based; therefore, an increase of one

magnitude unit corresponds to a 1,000-fold increase in the amount of energy released.

The MMS measures the size of a seismic event based on the amount of energy released.
Moment is a representative measure of seismic strength for all sizes of events and is independent
of recording instrumentation or location. Unlike the Richter scale, the MMS has no limits to the
possible measurable magnitudes, and the MMS relates the moments to the Richter scale for
continuity. The MMS also can represent microseisms (very small seismicity) with negative

numbers.

The Modified Mercalli (MM) Intensity Scale was developed in 1931 to report the intensity of an
earthquake. The Mercalli scale is an arbitrary ranking based on observed effects and not on a
mathematical formula. This scale uses a series of 12 increasing levels of intensity that range
from imperceptible shaking to catastrophic destruction, as summarized on Table 4.1. Table 4.1
compares the MM intensity scale to magnitudes of the MMS, based on typical events as
measured near the epicenter of a seismic event. There is no direct conversion between the
intensity and magnitude scales because earthquakes of similar magnitudes can cause varying

levels of observed intensities depending on factors such location, rock type, and depth.
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4.5.4  Seismic Events

Table 4.2 summarizes the recorded seismic events in New York State by county between
December 1970 and July 2009.%® There were a total of 813 seismic events recorded in New
York State during that period. The magnitudes of 24 of the 813 events were equal to or greater
than 3.0. Magnitude 3 or lower earthquakes are mostly imperceptible and are usually detectable
only with sensitive equipment. The largest seismic event during the period 1970 through 2009 is
a 5.3 magnitude earthquake that occurred on April 20, 2002, near Plattsburg, Clinton County.>
Damaging earthquakes have been recorded since Europeans settled New York in the 1600s. The
largest earthquake ever measured and recorded in New York State was a magnitude 5.8 event

that occurred on September 5, 1944, near Massena, New York.*

3% Alpha, 2009
3 Alpha, 2009
0 Alpha, 2009
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Table 4.1
Modified Mercalli Intensity Scale

Modified
Mercalli
Intensity

Description

Effects

Typical
Maximum

Moment
Magnitude

Instrumental

Not felt except by a very few under especially favorable conditions.

1.0to0 3.0

Feeble

Felt only by a few persons at rest, especially on upper floors of
buildings.

Slight

Felt quite noticeably by persons indoors, especially on upper floors of
buildings. Many people do not recognize it as an earthquake.
Standing motor cars may rock slightly. Vibrations similar to the
passing of a truck. Duration estimated.

3.0t0 3.9

Moderate

Felt indoors by many, outdoors by few during the day. At night, some
awakened. Dishes, windows, doors disturbed; walls make cracking
sound. Sensation like heavy truck striking building. Standing motor
cars rocked noticeably.

Rather Strong

Felt by nearly everyone; many awakened. Some dishes, windows
broken. Unstable objects overturned. Pendulum clocks may stop.

40t04.9

VI

Strong

Felt by all, many frightened. Some heavy furniture moved; a few
instances of fallen plaster. Damage slight.

VIl

Very Strong

Damage negligible in buildings of good design and construction;
slight to moderate in well-built ordinary structures; considerable
damage in poorly built or badly designed structures; some chimneys
broken.

5.0t05.9

VI

Destructive

Damage slight in specially designed structures; considerable damage
in ordinary substantial buildings with partial collapse. Damage great in
poorly built structures. Fall of chimneys, factory stacks, columns,
monuments, walls. Heavy furniture overturned.

Ruinous

Damage considerable in specially designed structures; well-designed
frame structures thrown out of plumb. Damage great in substantial
buildings, with partial collapse. Buildings shifted off foundations.

6.0t06.9

Disastrous

Some well-built wooden structures destroyed; most masonry and
frame structures destroyed with foundations. Rails bent.

Xl

Very Disastrous

Few, if any (masonry) structures remain standing. Bridges destroyed.
Rails bent greatly.

Xl

Catastrophic

Damage total. Lines of sight and level are distorted. Objects thrown
into the air.

7.0 and higher

The above table compares the Modified Mercalli intensity scale and moment magnitude scales that typically observed near the epicenter of a

seismic event.

Source: USGS Earthquake Hazard Program (http://earthquake.usgs.gov/learning/topics/mag_vs_int.php)
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Table 4.2
Summary of Seismic Events in New York State
December 1970 through July 2009

County

Magnitude
<20 [20t029]|30t039(40t04.9|5.0t05.3
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Table 4.2
Summary of Seismic Events in New York State
December 1970 through July 2009

Magnitude
County Total
<2.0 20t02.9(3.0t03.9(4.0t04.9(5.0t05.3
Counties Not Overlying Utica or Marcellus Shales

Bronx 0 0 0 0 0 0
Clinton 60 30 5 0 1 96
Columbia 0 0 0 0 0 0
Dutchess 6 4 2 0 0 12
Essex 88 64 4 1 1 158
Franklin 40 19 3 0 0 62
Hamilton 53 10 0 0 0 63
Kings 0 0 0 0 0 0
Nassau 1 0 0 0 0 1
New York 3 2 0 0 0 5
Putnam 4 2 0 0 0 6
Queens 0 0 0 0 0 0
Rensselaer 1 0 0 0 0 1
Richmond 0 0 0 0 0 0
Rockland 15 3 0 0 0 18
St. Lawrence 84 29 0 0 0 113
Suffolk 0 0 0 0 0 0
Ulster 3 0 0 0 0 3
Warren 11 5 1 0 0 17
Washington 1 3 0 0 0 4
Westchester 61 11 1 1 0 74
Subtotal 431 182 16 2 2 633
New York State Total 529 255 24 3 2 813

Notes:
- Seismic events recorded December 13, 1970 through July 28, 2009.
- Lamont-Doherty Cooperative Seismographic Network, 2009
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Figure 4.15 shows the distribution of recorded seismic events in New York State. The majority
of the events occur in the Adirondack Mountains and along the New York-Quebec border. A
total of 180 of the 813 seismic events shown on Table 4.2 and Figure 4.15 during a period of 39
years (1970-2009) occurred in the area of New York that is underlain by the Marcellus and/or
the Utica shales. The magnitude of 171 of the 180 events was less than 3.0. The distribution of
seismic events on Figure 4.15 is consistent with the distribution of fault structures (Figure 4.13)

and the seismic hazard risk map (Figure 4.14).

Some of the seismic events shown on Figure 4.15 are known or suspected to be triggered by
human activity. The 3.5 magnitude event recorded on March 12, 1994, in Livingston County is
suspected to be the result of the collapse associated with the Retsof salt mine failure in
Cuylerville, New York.*! The 3.2 magnitude event recorded on February 3, 2001, was
coincident with, and is suspected to have been triggered by, test injections for brine disposal at
the New Avoca Natural Gas Storage (NANGS) facility in Steuben County. The cause of the
event likely was the result of an extended period of fluid injection near an existing fault* for the
purposes of siting a deep injection well. The injection for the NANGS project occurred
numerous times with injection periods lasting 6 to 28 days and is substantially different than the

short-duration, controlled injection used for hydraulic fracturing.

One additional incident suspected to be related to human activity occurred in late 1971 at Texas
Brine Corporation’s system of wells used for solution mining of brine near Dale, Wyoming
County, New York (i.e., the Dale Brine Field). The well system consisted of a central, high
pressure injection well (No. 11) and four peripheral brine recovery wells. The central injection

well was hydraulically fractured in July 1971 without incident.

The well system was located in the immediate vicinity of the known, mapped, Clarendon-Linden
fault zone which is oriented north-south, and extends south of Lake Ontario in Orleans, Genesee,
Wyoming, and the northern end of Allegany Counties, New York. The Clarendon-Linden fault

zone is not of the same magnitude, scale, or character as the plate boundary fault systems, but

4! Alpha, 2009
2 Alpha, 2009
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nonetheless has been the source of relatively small to moderate quakes in western New York

(MCEER, 2009; and Fletcher and Sykes, 1977).

Fluids were injected at well No. 11 from August 3 through October 8, and from October 16
through November 9, 1971. Injections were ceased on November 9, 1971 due to an increase in
seismic activity in the area of the injection wells. A decrease in seismic activity occurred when
the injections ceased. The tremors attributed to the injections reportedly were felt by residents in

the immediate area.

Evaluation of the seismic activity associated with the Dale Brine Field was performed and
published by researchers from the Lamont-Doherty Geological Observatory (Fletcher and Sykes,
1977). The evaluation concluded that fluids injected during solution mining activity were able to
reach the Clarendon-Linden fault and that the increase of pore fluid pressure along the fault
caused an increase in seismic activity. The research states that “the largest earthquake ... that
appears to be associated with the brine field...” was 1.4 in magnitude. In comparison, the
magnitude of the largest natural quake along the Clarendon-Linden fault system through 1977
was magnitude 2.7, measured in 1973. Similar solution mining well operations in later years
located further from the fault system than the Dale Brine Field wells did not create an increase in

seismic activity.

45,5 Monitoring Systems in New York

Seismicity in New York is monitored by both the US Geological Survey (USGS) and the
Lamont-Doherty Cooperative Seismographic Network (LCSN). The LCSN is part of the
USGS’s Advanced National Seismic System (ANSS) which provides current information on
seismic events across the country. Other ANSS stations are located in Binghamton and Lake
Ozonia, New York. The New York State Museum also operates a seismic monitoring station in

the Cultural Education Center in Albany, New York.

As part of the AANS, the LCSN monitors earthquakes that occur primarily in the northeastern
United States and coordinates and manages data from 40 seismographic stations in seven states,

including Connecticut, Delaware, Maryland, New Jersey, New York, Pennsylvania, and
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Vermont.*> Member organizations that operate LCSN stations include two secondary schools,
two environmental research and education centers, three state geological surveys, a museum
dedicated to Earth system history, two public places (Central Park, NYC, and Howe Caverns,

Cobleskill), three two-year colleges, and 15 four-year universities. **

4.6  Naturally Occurring Radioactive Materials (NORM) in Marcellus Shale

As mentioned above, black shale typically contains trace levels of uranium and gamma ray logs
indicate that this is true of the Marcellus Shale. The Marcellus Shale formation is known to
contain concentrations of naturally occurring radioactive materials (NORM) such as uranium-
238 and radium-226 at higher levels than surrounding rock formations. Normal disturbance of
NORM-bearing rock formations by activities such as mining or drilling do not generally pose a
threat to workers, the general public or the environment. However, activities that have the
potential to concentrate NORM need to come under government scrutiny to ensure adequate

protection.

Chapter 5 includes radiological information (sampling results) from Marcellus drill cuttings and
production brine samples collected in New York and from Marcellus flowback water analyses
provided by operators for wells in Pennsylvania and West Virginia. Chapter 6 includes a
discussion of potential impacts associated with radioactivity in the Marcellus Shale. Chapter 7
details mitigation measures, including existing regulatory programs, proposed well permit

conditions and proposed future data collection and analysis.

4 Alpha, 2009
* Alpha, 2009
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Chapter 5 NATURAL GAS DEVELOPMENT ACTIVITIES AND HIGH-VOLUME
HYDRAULIC FRACTURING

As noted in the GEIS, New York has a long history of natural gas production. The first gas well
was drilled in 1821 in Fredonia, and the 40 billion cubic feet (“bcf”) of gas produced in 1938
remained the production peak until 2004 when 46.9 bef were produced. Annual production has
exceeded 50 bef every year since then. Chapters 9 and 10 of the GEIS comprehensively discuss
well drilling, completion and production operations, including potential environmental impacts
and mitigation measures. The history of hydrocarbon development in New York through 1988 is

also covered in the GEIS.

New York counties with actively producing gas wells reported in 2008 were: Allegany,
Cattaraugus, Cayuga, Chautauqua, Chemung, Chenango, Erie, Genesee, Livingston, Madison,
Niagara, Oneida, Ontario, Oswego, Schuyler, Seneca, Steuben, Tioga, Wayne, Wyoming and

Yates. Broome County saw production in 2007, but not in 2008.

5.1  Access Roads and Well Pads

5.1.1 Access Roads

The first step in developing a natural gas well site is to construct the access road and well pad.
For environmental review and permitting purposes, the acreage and disturbance associated with
the access road is considered part of the project as described by Topical Response #4 in the 1992
Final GEIS. However, instead of one well per access road as was typically the case when the
GEIS was prepared, most shale gas development will consist of several wells on a multi-well pad
serviced by a single access road. Therefore, in areas developed by horizontal drilling using

multi-well pads, fewer access roads as a function of the number of wells will be needed.

Access road construction involves clearing the route and preparing the surface for movement of
heavy equipment. Ground surface preparation typically involves placing a layer of crushed
stone, gravel or cobbles over geotextile fabric. Sedimentation and erosion control features are
also constructed as needed along the access roads and culverts may be placed across ditches at

the entrance from the main highway or in low spots along the road.
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The size of the access road is dictated by the size of equipment to be transported to the well site,
distance of the well pad from an existing road and the route dictated by property access rights
and environmental concerns. The route selected may not be the shortest distance to the nearest
main road. Routes for access roads may be selected to make use of existing roads on a property
and to avoid disturbing environmentally sensitive areas such as protected streams, wetlands, or
steep slopes. Property access rights and agreements and traffic restrictions on local roads may
also limit the location of access routes. Each 150 feet of a 30-foot wide access road adds about

one-tenth of an acre to the total surface acreage disturbance attributed to the well site.

The Department has received applications for 47 horizontal Marcellus Shale wells to be
developed in Broome, Chemung, Delaware and Tioga Counties by high-volume hydraulic
fracturing. Using this set of applications as a demonstration of the kind of disturbances that can
be anticipated in the placement of access roads, the proposed disturbed access road acreage for
these sites ranges from 0.1 acres to 2.75 acres, with the access roads ranging from 130 feet to
approximately 3,000 feet in length. Widths would range from 20 to 40 feet during the drilling
and fracturing phase to 10 to 20 feet during the production phase. During the construction and
drilling phase, additional access road width is necessary to accommodate stockpiled topsoil and
excavated material along the roadway and to construct sedimentation and erosion control
features such as berms, ditches, sediment traps or sumps, or silt fencing along the length of the
access road. Pipelines may follow the access road, so additional clearing and disturbance may be
conducted during the initial site construction phase to accommodate a future pipeline, adding to
the access road width. Some proposals include a 20-foot access road with an additional 10-foot
right-of-way. In the situations where pipelines do not follow an access road, sediment and

erosion control measures will be followed.

Access roads will also be required for the centralized compression facilities and centralized

water storage facilities that are described elsewhere in this document.

Photos 5.1 — 5.4 depict typical wellsite access roads.
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5.1.1—Access Roads

Photo 5.1 Access road and erosion/sedimentation controls, Salo 1, Barton, Tioga
County NY. Photo taken during drilling phase. This access road is approximately
1,400 feet long. Road width averages 22 feet wide, 28 feet wide at creek crossing
(foreground). Width including drainage ditches is approximately 27 feet.

Source: NYS DEC 2007.

Photo 5.2 Nornew, Smyrna Hillbillies #2H, access road, Smyrna, Madison County
NY. Photo taken during drilling phase of improved existing private dirt road
(approximately 0.8 miles long). Not visible in photo is an additional 0.6 mile of new
access road construction. Operator added ditches, drainage, gravel & silt fence to ex-
isting dirt road.

The traveled part of the road surface in the picture is 12.5' wide; width including
drainage ditches is approximately 27 feet. Portion of the road crossing a protected
stream is approximately 20 feet wide. Source: NYS DEC 2008.
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Photo 5.3 In-service access road to horizontal Marcellus well in Bradford County,
PA. Source: Chesapeake Energy

Photo 5.4 Access road and sedimentation controls, Moss 1, Corning, Steuben
County NY. Photo taken during post-drilling phase. Access road at the curb is
approximately 50 feet wide, narrowing to 33 feet wide between curb and ac-
cess gate. The traveled part of the access road ranges between 13 and 19 feet
wide. Access road length is approximately 1,100 feet long.

Source: NYS DEC 2004.
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5.1.2 Well Pads

The activities associated with the preparation of a well pad are similar for both vertical wells and
multi- well pads where horizontal drilling and high volume hydraulic fracturing will be used. '
Site preparation activities consist primarily of clearing and leveling an area of adequate size and
preparing the surface to support movement of heavy equipment. As with access road
construction, ground surface preparation typically involves placing a layer of crushed stone,
gravel or cobbles over geotextile fabric. Site preparation also includes establishing erosion and
sediment control structures around the site, and constructing pits for retention of drilling fluid

and, possibly, fresh water.

Depending on site topography, part of a slope may be excavated and the excavated material may
be used as fill (“cut and fill” construction) to extend the well pad, providing for a level working
area and more room for equipment and onsite storage. The fill banks must be stabilized using

appropriate sedimentation and control measures.

The primary difference in well pad preparation for a well where high-volume hydraulic
fracturing will be employed versus a well described by the 1992 GEIS is that more land is
disturbed on a per-pad basis.”> A larger well pad is required to accommodate fluid storage and
equipment needs associated with the high-volume fracturing operations. In addition, some of the
equipment associated with horizontal drilling has a larger surface footprint than the equipment

described by the GEIS.

Again using the set of currently pending applications as an example the 47 proposed wells would
be drilled on eleven separate well pads, with between two and six wells initially proposed for
each pad. Proposed well pad sizes range from 2.2 acres to 5.5 acres during the drilling and
fracturing phase of operations, and from 0.5 to 2 acres after partial reclamation during the
production phase. Based on operators’ responses to the Department’s information requests and
current activity in the northern tier of Pennsylvania, an average multi-well pad is likely to be

between four and five acres in size during the drilling and fracturing phase, with well pads of

' Alpha, 2009. p. 6-6.
% Alpha
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over five acres possible. Average production pad size, after partial reclamation, is likely to

average between 1 and 3 acres.

The well pad sizes discussed above are consistent with published information regarding drilling
operations in other shale formations, as researched by ICF International for NYSERDA.®> For
example, in an Environmental Assessment published for the Hornbuckle Field Horizontal
Drilling Program (Wyoming), the well pad size required for drilling and completion operations is
estimated at approximately 460 feet by 340 feet, or about 3.6 acres. This estimate does not
include areas disturbed due to access road construction. A study of horizontal gas well sites
constructed by SEECO, Inc. in the Fayetteville Shale reports that the operator generally clears
300 feet by 250 feet, or 1.72 acres, for its pad and reserve pits. Fayetteville Shale sites may be as
large as 500 feet by 500 feet, or 5.7 acres.

Ultimately, as reported to NYSERDA by ICF International, pad size is determined by site
topography, number of wells and pattern layout, with consideration given to the ability to stage,
move and locate needed drilling and hydraulic fracturing equipment. Location and design of
pits, impoundments, tanks, hydraulic fracturing equipment, reduced emission completion
equipment, dehydrators and production equipment such as separators, brine tanks and associated
control monitoring, as well as office and vehicle parking requirements, can increase square
footage. Mandated surface restrictions and setbacks may also impose additional acreage
requirements. On the other hand, availability and access to offsite, centralized dehydrators,
compressor stations and impoundments may reduce acreage requirements for individual well
pads. *

Photos 5.5 — 5.7 depict typical Marcellus well pads, and figure 5.1 is a schematic representation
of a typical drilling site.

5.1.3 Well Pad Density

5.1.3.1 Historic Well DensityWell owners reported 6,676 producing natural

gas wells in New York in 2008, more than half ofwhich are in Chautauqua County. With 1,056 square

miles of land in Chautauqua

* ICF Subtask 2 Report, p. 4.
*ICF Subtask 2 report, pp. 4-5.
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5.1.2 Typical Well Pads

Photo 5.5 Chesapeake Energy Marcellus well drilling, Bradford County PA
Source: Chesapeake Energy

Akt

Photo 5.6 Hydraulic fracturing operation, horizontal Marcellus well, Upshur County, WV. Source: Chesa-
peake Energy, 2008
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Photo 5.7 Hydraulic fracturing operation, horizontal Marcellus well, Bradford County, PA
Source: Chesapeake Energy, 2008
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County, 3,456 reported producing wells equates to at least three producing wells per square mile.
For the most part, these wells are at separate surface locations. Actual drilled density where the
resource has been developed is somewhat greater than that, because not every well drilled is
currently producing and some areas are not drilled. The Department issued 5,374 permits to drill
in Chautauqua County between 1962 and 2008, or five permits per square mile. Of those
permits, 63% or 3,396 were issued during a 10-year period between 1975 and 1984, for an
average rate of 340 permits per year in a single county. Again, most of these wells were drilled

at separate surface locations,

Figure 5-1 - Well Pad Schematic
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each with its own access road and attendant disturbance. Although the number of wells is lower,
parts of Seneca and Cayuga County have also been densely drilled. Many areas in all three
counties — Chautauqua, Seneca and Cayuga — have been developed with “conventional” gas
wells on 40-acre spacing (i.e., 16 wells per square mile, at separate surface locations).
Therefore, while recognizing that some aspects of shale development activity will be different
from what is described in the GEIS, it is worthwhile to note that this pre-1992 drilling rate and
site density were part of the experience upon which the GEIS and its findings are based. Photos
5.8 through 5.11 are photos and aerial views of existing well sites in Chautauqua County,
provided for informational purposes. As discussed above, well pads where high-volume
hydraulic fracturing will be employed will necessarily be larger in order to accommodate the
associated equipment. In areas developed by horizontal drilling, well pads will be less densely

spaced, reducing the number of access roads and gathering lines needed.

5.1.3.2 Anticipated Well Pad Density

The number of wells and well sites that may exist per square mile is dictated by reservoir
geology and productivity, mineral rights distribution, and statutory well spacing requirements set
forth in ECL Article 23, Title 5, as amended in 2008. The statute provides three statewide

spacing options for shale wells:
Vertical Wells

Statewide spacing for vertical shale wells provides for one well per 40-acre spacing unit. 3

This is the spacing requirement that has historically governed most gas well drilling in the State, and
as mentioned above, many square miles of Chautauqua, Seneca and Cayuga counties have been
developed on this spacing. One well per 40 acres equates to a density of 16 wells per square

mile (i.e., 640 acres). Infill wells, resulting in more than one well per 40 acres, may be drilled

upon justification to the Department that they are necessary to efficiently recover gas reserves.

Gas well development on 40-acre spacing, with the possibility of infill wells, has been the

prevalent gas well development method in New York for many decades. However, as reported by
the Ground Water Protection Council,6 economic and technological considerations favor the use

of horizontal drilling for shale gas development. As explained below, horizontal drilling

SA spacing unit is the geographic area assigned to the well for the purposes of sharing costs and production. ECL §23-0501(2)
requires that the applicant control the oil and gas rights for 60% of the acreage in a spacing unit for a permit to be issued.
Uncontrolled acreage is addressed through the compulsory integration process set forth in ECL §23-0901(3).

® GPWC, 2009a. Modern Shale Gas Development in the United States, A Primer, pp. 46-47.
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Natural Gas Wells in Chautauqua County

Photo 5.8 This map shows the locations of over 4,400 Medina
formation natural gas wells in Chautauqua County from the

Total

Year Permit Issued

Mineral Resources database. The wells were typically drilled on

315

Pre-1962 (before permit program)

40 to 80 acre well spacing, making the distance between wells at

least 1/4 mile.

1,440
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,989

1

1980-1989

Readers can re-create this map by using the DEC on-line search-

233

Chautauqua and exporting the re- 1990-1999

sults to a Google Earth KML file.

able database using County

426

2000-2009

4,403

Grand Total

DRAFT SGEIS 9/30/2009, Page 5-15



Photo 5.9 The above map shows a por-
tion of the Chautauqua County map,
near Gerry. Well #1 (API Hole number
25468) shown in the photo to the right
was drilled and completed for produc-
tion in 2008 to a total depth of 4,095
feet. Of the other 47 Medina gas wells
shown above, the nearest is approxi-
mately 1,600 feet to the north.

These Medina wells use single well
pads. Marcellus multi-well pads will be
larger and will have more wellheads and
tanks.
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Photo 5.10 This map shows 28 wells in the Town of Poland, Chautauqua County. Well #2 (API Hole number
24422) was drilled in 2006 to a depth of 4,250 feet and completed for production in 2007. The nearest other well
is 1,700 feet away.
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Photo 5.11 Well #3 (API Hole number 16427) in this photo was completed in the Town of Sheridan, Chautauqua
County, in 1981 and was drilled to a depth of 2,012 feet.

This map shows 77 wells, with the nearest other producing well 1/4 mile away.
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necessarily results in larger spacing units and reduced well pad density. Although legal, vertical
drilling, 40-acre well spacing, and 16 well pads per square mile are not expected to be typical for

shale gas development in New York using high-volume hydraulic fracturing.

Horizontal Wells in Single-Well Spacing Units
Statewide spacing for horizontal wells where only one well will be drilled at the surface site
provides for one well per 40 acres plus the necessary and sufficient acreage to maintain a 330-
foot setback between the wellbore in the target formation and the spacing unit boundary. This
provision does not provide for horizontal infill wells, so both the width of the spacing unit and
the distance within the target formation between wellbores in adjacent spacing units will always
be at least 660 feet. Surface locations may be somewhat closer together because of the need to
begin building angle in the wellbore about 500 feet above the target formation. However, unless
the horizontal length of the wellbores within the target formation is limited to 1,980 feet, the
spacing units will exceed 40 acres in size. Although it is possible to drill horizontal wellbores of
this length, all information provided to date indicates that, in actual practice, lateral distance
drilled will normally exceed 2,000 feet and would most likely be 3,500 feet or more, requiring
substantially more than 40 acres. Therefore, the overall density of surface locations would be
less than 16 wells per square mile. For example, with 4,000 feet as the length of a horizontal
wellbore in the target shale formation, a spacing unit would be 4,660 feet long by 660 feet wide,
or about 71 acres in size. Nine, instead of 16, spacing units would fit within a square mile,

necessitating nine instead of 16 access roads and nine instead of 16 gas gathering lines.

Horizontal Wells with Multiple Wells Drilled from Common Pads

The third statewide spacing option for shale wells provides, initially, for spacing units of up to
640 acres with all the horizontal wells in the unit drilled from a common well pad. Vertical infill
wells may be drilled, with justification, from separate surface locations in the unit. However, a
far smaller proportion of vertical infill wells than 15 per 640-acre unit is expected. Therefore,
fewer than 16 separate locations within a square mile area will be affected. This method, which
also provides the most flexibility to avoid environmentally sensitive locations within the acreage
to be developed, is expected to be the most common approach to shale gas development in New

Y ork using horizontal drilling and high-volume hydraulic fracturing.
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With respect to overall land disturbance, the larger surface area of an individual multi-well pad
will be more than offset by the fewer total number of well pads within a given area and the need
for only a single access road and gas gathering system to service multiple wells on a single pad.
Overall, there clearly is a smaller total area of land disturbance associated with horizontal wells
for shale gas development than that for vertical wells.” For example, a spacing of 40 acres per
well for vertical shale gas wells would result in 32 - 48 acres of well pad disturbance (2 - 3 acres
per well) to develop an area of 640 acres, plus the additional acreage to construct access roads to
each of the 16 well pads. A single well pad with 6 to 8 horizontal shale gas wells could access
all 640 acres. This translates to a maximum of 4 to 6 acres of well pad disturbance, plus a single
access road, compared with 32 acres of well pad disturbance plus access roads to develop the

same area using vertical shale gas wells.

Table 5.1 below provides another comparison between the well pad acreage disturbed within a
10-square mile area completely developed by multi-well pad horizontal drilling versus single-
well pad vertical drilling.®

Table 5-1 - Ten square mile area (i.e., 6,400 acres), completely drilled with
horizontal wells in multi-well units or vertical wells in single-well units

Spacing Option Multi-Well 640 Acre Single-Well 40 Acre
Number of Pads 10 160

Total Disturbance - Drilling Phase 50 Acres (5 ac. per pad) | 480 Acres (3 ac. per pad)
% Disturbance - Drilling Phase 78 7.5

Total Disturbance - Production Phase | 30 Acres (3 ac. per pad) | 240 Acres (1.5 ac. per pad)
% Disturbance - Production Phase 46 3.75

Variances or Non-Conforming Spacing Units
The statute has always provided for variances from statewide spacing or non-conforming spacing
units, with justification, which could result in a greater well density for any of the above options.
A variance from statewide spacing or a non-conforming spacing unit requires the Department to
issue a well-specific spacing order following public comment and, if necessary, an adjudicatory

hearing. Environmental impacts associated with any well to be drilled under a spacing order will

7 Alpha, 2009. p. 6-2
$NTC, 2009, p. 29
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continue to be reviewed separately from the spacing variance upon receipt of a specific well

permit application.

5.2  Horizontal Drilling

The first horizontal well in New York was drilled in 1989, and in 2008 approximately 10% of the
well permit applications received by the Department were for directional or horizontal wells. The
predominant use of horizontal drilling associated with natural gas development in New York has

been for production from the Black River and Herkimer formations during the past several

years. The combination of horizontal drilling and hydraulic fracturing is widely used in other

areas of the United States as a means of recovering gas from tight shale formations.

Except for the use of specialized downhole tools, horizontal drilling is performed using similar
equipment and technology as vertical drilling, with the same protocols in place for aquifer
protection, fluid containment and waste handling. As described below, there are four primary
differences between horizontal drilling for shale gas development and the drilling described in
the 1992 GEIS. One is that larger rigs may be used for all or part of the drilling, with longer per-
well drilling times than were described in the GEIS. The second is that multiple wells will be
drilled from each well site (or “well pad”). The third is that drilling mud rather than air may be
used while drilling the horizontal portion of the wellbore to lubricate and cool the drill bit and to
clean the wellbore. Fourth and finally, the volume of rock cuttings returned to the surface from

the target formation will be greater for a horizontal well than for a vertical well.

Vertical drilling depth will vary based on target formation and location within the state. Chapter
5 of the GEIS discusses New York State’s geology with respect to oil and gas production.
Chapter 4 of this SGEIS expands upon that discussion, with emphasis on the Marcellus and Utica

Shales. Chapter 4 includes maps which show depths and thicknesses related to these two shales.

In general, wells will be drilled vertically to a depth of about 500 feet above the top of a target
interval, such as the Union Springs Member of the Marcellus Shale. Drilling may continue with
the same rig, or a larger drill rig may be brought onto the location to build angle and drill the
horizontal portion of the wellbore. A downhole motor behind the drill bit at the end of the drill

pipe is used to accomplish the angled drilling. The drill pipe is also equipped with inclination
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and azimuth sensors located about 60 feet behind the drill bit to continuously record and report
the drill bit’s location. The length of the horizontal wellbore may be affected by the operator’s
lease position or compulsory integration status within the spacing unit, but based on existing

applications and current operations in the northern tier of Pennsylvania a typical length may be

4,500 feet.

5.2.1 Dirilling Rigs

Wells for shale gas development using high-volume hydraulic fracturing will be drilled with
rotary rigs. Rotary rigs are described in the 1992 GEIS, with the typical rotary rigs used in New
York at the time characterized as either 40 to 45-foot high “singles” or 70 to 80-foot high
“doubles.” These rigs can, respectively, hold upright one joint of drill pipe or two connected
joints. “Triples,” which hold three connected joints of drill pipe upright and are over 100 feet
high, were not commonly used in New York State when the GEIS was prepared. However,
triples have been more common in New York since 1992 for natural gas storage field drilling and

to drill some Trenton-Black River wells.

Operators may use one large rig to drill an entire wellbore from the surface to toe of the
horizontal bore, or may use two or three different rigs in sequence. For each well, only one rig is
over the hole at a time. At a multi-well site, two rigs may be present on the pad at once, but

more than two are unlikely because of logistical and space considerations as described below.

When two rigs are used to drill a well, a smaller rig of similar dimensions to the typical rotary
rigs described in the GEIS would first drill the vertical portion of the well. Only the rig used to
drill the horizontal portion of the well is likely to be significantly larger than what is described in
the GEIS. This rig may be a triple, with a substructure height of about 20 feet, a mast height of
about 150 feet, and a surface footprint with its auxiliary equipment of about 14,000 square feet.
Auxiliary equipment includes various tanks (for water, fuel and drilling mud), generators,
compressors, solids control equipment (shale shaker, de-silter, de-sander), choke manifold,
accumulator, pipe racks and the crew’s office space (or “dog house”). Initial work with the
smaller rig would typically take up to two weeks, followed by another up to two weeks of work

with the larger rig. These estimates include time for casing and cementing the well, and may be
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extended if drilling is slower than anticipated because of properties of the rock, or if other

problems or unexpected delays occur.

When three rigs are used to drill a well, the first rig is used to drill and case the conductor hole.
This event generally takes about 8 to12 hours. The dimensions of this rig would be consistent
with what is described in the GEIS. The second rig for drilling the remainder of the vertical hole
would also be consistent with GEIS descriptions and would again typically be working for up to
14 days, or longer if drilling is slow or problems occur. The third rig, equipped to drill
horizontally, would be the only one that might exceed GEIS dimensions, with a substructure
height of about 20 feet, a mast height of about 150 feet, and a surface footprint with its auxiliary
equipment of about 14,000 square feet. Work with this rig would take up to 14 days, or longer if

drilling is slow or other problems or delays occur.

Appendix 7 includes sample rig specifications provided by Chesapeake Energy. As noted on the
specs, fuel storage tanks associated with the larger rigs would hold volumes of 10,000 to 12,000

gallons.

In summary, the rig work for a single horizontal well — including drilling, casing and cementing
— would generally last about four to five weeks, subject to extension for slow drilling or other
unexpected problems or delays. A 150-foot tall, large-footprint rotary rig may be used for the
entire duration or only for the actual horizontal drilling. In the latter case, smaller, GEIS-
consistent rigs would be used to drill the vertical portion of the wellbore. The rig and its

associated auxiliary equipment would move off the well before fracturing operations commence.

Photos 5.12 — 5.15 are photographs of drilling rigs.
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5.2.2 Drill Rigs

3

Photo 5.12 Double. Union Drilling Rig 54, Olsen 1B, Town of Fenton, Broome
County NY. Credit: NYS DEC 2005.

Photo 5.13 Double. Union Drilling Rig 48. Trenton-Black River well, Salo 1, Town of Barton,
Tioga County NY. Source: NYS DEC 2008.
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Photo 5.14 Triple. Precision Drilling Rig 26. Ruger 1 well,
Horseheads, Chemung County. Credit: NYS DEC 2009.

Credit: NYS DEC 2007.
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5.2.2 Multi-Well Pad Development

Horizontal drilling from multi-well pads is the common development method employed to
develop Marcellus Shale reserves in the northern tier of Pennsylvania and is expected to be
common in New York as well. To prevent operators in New York from holding acreage within
large spacing units without fully developing the acreage, the Environmental Conservation Law
requires that all horizontal wells in a multi-well shale unit be drilled within three years of the

date the first well in the unit commences drilling.’

As described above, the space required for hydraulic fracturing operations for a multi-well pad is
dictated by a number of factors but is expected to most commonly range between four and five
acres. The well pad is typically centered in the spacing unit, with surface locations generally
about 12 to 20 feet apart. Within the target formation, evenly spaced parallel horizontal bores
are drilled in opposite directions. Up to 16 surface locations, but more commonly six or eight,
would be arranged in two parallel rows. When fully developed, the resultant horizontal well

pattern underground would resemble two back-to-back pitchforks. [Figure 5.2]

? ECL §23-0501
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Schematic of multiple horizontal wells drilled from a
single pad. On left iz the dnlling unit, with approxi-
mate well paths shown (well bores will actually
curve). Above is close-up showing individual wells,
which would be 13 ta 25 feet apart.

Figure 5-2 — Well spacing unit and wellbore paths

Because of the close well spacing at the surface, most operators have indicated that only one
drilling rig at a time would be operating on any given well pad. One operator has stated that on a
well pad where six or more wells are needed, it is possible that two triple-style rigs may operate
concurrently. Efficiency and the economics of mobilizing equipment and crews would dictate
that all wells on a pad be drilled sequentially, with continuous activity during a single
mobilization. However, this may be affected by the timing of compulsory integration
proceedings if wellbores are proposed to intersect unleased acreage.'® Other considerations may
result in gaps between well drilling episodes at a well pad. For instance, early development in a
given area may consist of initially drilling and stimulating one to three wells on a pad to test
productivity, followed by the additional wells within the required three-year time frame. As
development in a given area matures and the results become more predictable, the frequency of
drilling and completing all the wells on each pad with continuous activity in a single

mobilization would be expected to increase.

1 BCL §23-0501 2.b. prohibits the wellbore from crossing unleased acreage prior to issuance of a compulsory integration order.
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5.2.2.1 Reserve Pits on Multi-Well Pads

The GEIS describes the construction, use and reclamation of lined reserve pits, (also called
“drilling pits” or “mud pits”) to hold cuttings and fluids associated with the drilling process.
Rather than using a separate pit for each well on a multi-well pad, operators may propose to
maintain a single pit on the well pad until all wells are drilled and completed. The pit would
need to be adequately sized to hold cuttings from all the wells, unless the cuttings are removed
intermittently as needed to ensure adequate room for drilling-associated fluids and precipitation.
Under existing regulations, fluid associated with each well would have to be removed within 45
days of the cessation of drilling operations, unless the operator has submitted a plan to use the

fluids in subsequent operations and the Department has inspected and approved the pit."!

5.2.3 Drilling Mud

The vertical portion of each well, including the portion that is drilled through any fresh water
aquifers, will typically be drilled using either compressed air or freshwater mud as the drilling
fluid. Operators who provided responses to the Department’s information requests stated that the
horizontal portion, drilled after any fresh water aquifers are sealed behind cemented surface
casing, may be drilled with a mud that may be water-based, potassium chloride/polymer-based
with a mineral oil lubricant, or synthetic oil-based. Synthetic oil-based muds are described as
“food-grade” or “environmentally friendly.” When drilling horizontally, mud is needed for (1)
powering and cooling the downhole motor used for directional drilling, (2) using navigational
tools which require mud to transmit sensor readings, (3) providing stability to the horizontal
borehole while drilling and (4) efficiently removing cuttings from the horizontal hole. Other
operators may drill the horizontal bore on air, using special equipment to control fluids and gases
that enter the wellbore. Historically, most wells in New York are drilled on air and air drilling is

addressed by the GEIS.

As described in the GEIS, used drilling mud is typically reconditioned for use at a subsequent
well. It is managed on-site by the use of steel tanks that are part of the rig’s “mud system.”
Some drilling rigs are equipped with closed-loop tank systems, so that neither used mud nor

cuttings are discharged to reserve pits.

"6 NYCRR 554.1(c)(3)
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Photo 5.16 - Drilling rig mud system (blue tanks)

5.2.4 Cuttings

The very fine-grained rock fragments removed by the drilling process are returned to the surface
in the drilling fluid and managed either within a closed-loop tank system or a lined on-site
reserve pit.'> As described in Section 5.13.1, the proper disposal method for cuttings is

determined by the composition of drilling fluids used to return them to the surface.

5.2.4.1 Cuttings Volume

Horizontal drilling penetrates a greater linear distance of rock and therefore produces a larger
volume of drill cuttings than does a well drilled vertically to the same depth below the ground
surface. For example, a vertical well drilled to a total depth of 7,000 feet produces

approximately 125 cubic yards of cuttings, while a horizontally drilled well to the same target

12 Alpha
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depth with a 3,000 foot lateral section produces approximately 165 cubic yards of cuttings (i.e.,

about one-third more). A multi-well site would produce that volume of cuttings from each well.

5.2.4.2 Naturally Occurring Radioactive Materials in Marcellus Cuttings

To determine NORM concentrations and the potential for exposure to Marcellus rock cuttings
and cores, the Department conducted field and sample surveys using portable Geiger counter and
gamma ray spectroscopy methods. Gamma ray spectroscopy analyses were performed on
composited Marcellus samples collected from two vertical wells drilled through the Marcellus,
one in Lebanon (Madison County), and one in Bath (Steuben County). Department staff also
used a Geiger counter to screen three types of Marcellus samples: cores from the New York State
Museum’s collection in Albany; regional outcrops of the unit; and various Marcellus well sites
from the west-central part of the state, where most of the vertical Marcellus wells in NYS are
currently located. These screening data are presented in Table 5.2. The results, which indicate
levels of radioactivity that are essentially background values, do not indicate an exposure

concern for workers or the general public associated with Marcellus cuttings.

Table 5-2 - 2009 Marcellus Radiological Screening Data

Well APl # Date Town (County) Parameter Result .+/ )
Uncertainty

(Depth) Collected
K-40 14.438 +/- 1.727 pCilg

TI-208 0.197 +/- 0.069 pCi/g

Pb-210 2.358 +/- 1.062 pCilg

Bi-212 0.853 +/- 0.114 pCilg

Crouch C 4H - -
. Bi-214 1.743 +/- 0.208 pCi/g
(i(l)éllg) g::)- 31-053-26305-00-00 3/17/09 | Lebanon (Madison) Pbo14 1.879 /- 0.170 pCilg
Ra-226 1.843 +/- 0.573 pCi/g
Ac-228 0.850 +/- 0.169 pCi/g
Th-234 1.021 +/- 0.412 pCi/g
U-235 0.185 +/- 0.083 pCi/g
K-40 22.845 +/- 2.248 pCi/g
T1-208 0.381 +/- 0.065 pCi/g
Pb-210 0.535 +/- 0.712 pCi/g
. Bi-212 1.174 +/- 0.130 pCi/g
Blair 2A - -
X Bi-214 0.779 +/- 0.120 pCi/g
(ggfg’)— 31-101-02698-01-00 | 3/26/09 Bath (Steuben) Pbo14 0.868 +/- 0.114 pCilg

Ra-226 0.872 +/- 0.330 pCilg

Ac-228 1.087 +/- 0.161 pCilg

Th-234 0.567 +/- 0.316 pCilg

U-235 0.079 +/- 0.058 pCilg
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Media Screened Well Date Location (County) Results
Cores Beaver Meadow 1 3/12/09 NYS Museum (Albany) 0.005 - 0.080 mR/hr
Oxford 1 3/12/09 NYS Museum (Albany) 0.005 - 0.065 mR/hr
75 NY-14 3/12/09 NYS Museum (Albany) 0.015 - 0.065 mR/hr
EGSP #4 3/12/09 NYS Museum (Albany) 0.005 - 0.045 mR/hr
Jim Tiede 3/12/09 NYS Museum (Albany) 0.005 - 0.025 mR/hr
75 NY-18 3/12/09 NYS Museum (Albany) 0.005 - 0.045 mR/hr
75 NY-12 3/12/09 NYS Museum (Albany) 0.015 - 0.045 mR/hr
75 NY-21 3/12/09 NYS Museum (Albany) 0.005 - 0.040 mR/hr
75 NY-15 3/12/09 NYS Museum (Albany) 0.005 - 0.045 mR/hr
Matejka 3/12/09 NYS Museum (Albany) 0.005 - 0.090 mR/hr
Qutcrops N/A 3/24/2009 Onesquethaw Creek (Albany) 0.02 - 0.04 mR/hr
N/A 3/24/2009 DOT Garage, CR 2 (Albany) 0.01 - 0.04 mR/hr
N/A 3/24/2009 SR 20, near SR 166 (Otsego) 0.01 - 0.04 mR/hr
N/A 3/24/2009 Richfield Springs (Otsego) 0.01 - 0.06 mR/hr
N/A 3/24/2009 SR 20 (Otsego) 0.01 - 0.03 mR/hr
N/A 3/24/2009 Gulf Rd (Herkimer) 0.01 - 0.04 mR/hr
Well Sites Beagell 2B 4/7/2009 Kirkwood (Broome) 0.04 mR/hr *
Hulsebosch 1 4/2/2009 Elmira City (Chemung) 0.03 mR/hr *
Bush S1 4/2/2009 Elmira (Chemung) 0.03 mR/hr *
Parker 1 4/7/2009 Oxford (Chenango) 0.05 mR/hr *
Donovan Farms 2 3/30/2009 West Sparta (Livingston) 0.03 mR/hr *
Fee 1 3/30/2009 Sparta (Livingston) 0.02 mR/hr *
Meter 1 3/30/2009 West Sparta (Livingston) 0.03 mR/hr *
Schiavone 2 4/6/2009 Reading (Schuyler) 0.05 mR/hr *
WGI 10 4/6/2009 Dix (Schuyler) 0.07 mR/hr *
WGI 11 4/6/2009 Dix (Schuyler) 0.07 mR/hr *
Calabro T1 3/26/2009 Orange (Schuyler) 0.03 mR/hr *
Calabro T2 3/26/2009 Orange (Schuyler) 0.05 mR/hr *
Frost 2A 3/26/2009 Orange (Schuyler) 0.05 mR/hr *
Webster T1 3/26/2009 Orange (Schuyler) 0.05 mR/hr *
Haines 1 4/1/2009 Avoca (Steuben) 0.03 mR/hr *
Haines 2 4/1/2009 Avoca (Steuben) 0.03 mR/hr *
McDaniels 1A 4/1/2009 Urbana (Steuben) 0.03 mR/hr *
Drumm G2 4/1/2009 Bradford (Steuben) 0.07 mR/hr *
Hemley G2 3/26/2009 Hornby (Steuben) 0.03 mR/hr *
Lancaster M1 3/26/2009 Hornby (Steuben) 0.03 mR/hr *
Maxwell 1C 4/2/2009 Caton (Steuben) 0.07 mR/hr *
Scudder 1 3/26/2009 Bath (Steuben) 0.03 mR/hr *
Blair 2A 3/26/2009 Bath (Steuben) 0.03 mR/hr *
Retherford 1 4/1/2009 Troupsburg (Steuben) 0.05 mR/hr *
Carpenter 1 4/1/2009 Troupsburg (Steuben) 0.05 mR/hr *
Cook 1 4/1/2009 Troupsburg (Steuben) 0.05 mR/hr *
Zinck 1 4/1/2009 Woodhull (Steuben) 0.07 mR/hr *
Tiffany 1 4/7/2009 Owego (Tioga) 0.03 mR/hr *
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5.3  Hydraulic Fracturing - Introduction

Hydraulic fracturing is a well stimulation technique which consists of pumping a fluid and a
propping agent (“proppant”) such as sand down the wellbore under high pressure to create
fractures in the hydrocarbon-bearing rock. No blast or explosion is created by the hydraulic
fracturing process. The proppant holds the fractures open, allowing hydrocarbons to flow into the
wellbore after injected fluids are recovered. Hydraulic fracturing technology was first developed
in the late 1940s and, accordingly, it was addressed in the GEIS. It is estimated that as many as
90% of wells drilled in New York are hydraulically fractured. ICF International provides the
following history: "

Hydraulic Fracturing Technological Milestones "
Early 1900s | Natural gas extracted from shale wells. Vertical wells fracked with foam.
1983 First gas well drilled in Barnett Shale in Texas
1980-1990s | Cross-linked gel fracturing fluids developed and used in vertical wells
1991 First horizontal well drilled in Barnett Shale
1991 Orientation of induced fractures identified
1996 Slickwater fracturing fluids introduced
1996 Microseismic post-fracturing mapping developed
1998 Slickwater refracturing of originally gel-fracked wells
2002 Multi-stage slickwater fracturing of horizontal wells
2003 First hydraulic fracturing of Marcellus shale'”
2005 Increased emphasis on improving the recovery factor
2007 Use of multi-well pads and cluster drilling

The GEIS discusses, in Chapter 9, hydraulic fracturing operations using water-based gel and
foam, and describes the use of water, hydrochloric acid and additives including surfactants,
bactericides,'® clay and iron inhibitors and nitrogen. The fracturing fluid is an engineered

product; service providers vary the design of the fluid based on the characteristics of the

13 ICF International, 2009. Technical Assistance for the Draft Supplemental Generic EIS: Oil, Gas and Solution Mining
Regulatory Program. NYSERDA Agreement No. 9679. p. 3.

14 Matthews, 2008, as cited by ICF International, 2009.
15 Harper, 2008, as cited by ICF International, 2009.

'8 Bactericides must be registered for use in New York in accordance with ECL §33-0701. Well operators, service companies,
and chemical supply companies were reminded of this requirement in an October 28, 2008 letter from the Division of Mineral
Resources formulated in consultation with the Division of Solid and Hazardous Materials. This correspondence also reminded
industry of the corresponding requirement that all bactericides be properly labeled and that the labels for such products be kept
on-site during application and storage.
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reservoir formation and the well operator’s objectives. In the late 1990’s, operators and service
companies in other states developed a technology known as “slickwater fracturing” to develop
shale formations, primarily by increasing the amount and proportion of water used, reducing the
use of gelling agents and adding friction reducers. Any fracturing fluid may also contain scale

and corrosion inhibitors.

ICF International, who reviewed the current state of practice of hydraulic fracturing for
NYSERDA, states that the development of water fracturing technologies has reduced the
quantity of chemicals required to hydraulically fracture target reservoirs and that slickwater
treatments have yielded better results than gel treatments in the Barnett Shale.'” Poor proppant
suspension and transport characteristics of water versus gel are overcome by the low
permeability of shale formations which allow the use of finer-grained proppants and lower
proppant concentrations.'® The use of friction reducers in slickwater fracturing procedures
reduce the required pumping pressure at the surface, thereby reducing the number and power of
pumping trucks needed.” In addition, according to ICF, slickwater fracturing causes less

formation damage than other techniques such as gel fracturing.*’

Both slickwater fracturing and foam fracturing have been proposed for Marcellus Shale
development. As foam fracturing is already addressed by the GEIS, this document focuses on
slickwater fracturing. This type of hydraulic fracturing is referred to herein as “high-volume

hydraulic fracturing” because of the large water volumes required.

5.4 Fracturing Fluid

The fluid used for slickwater fracturing is typically comprised of more than 98% fresh water and
sand, with chemical additives comprising 2% or less of the fluid.*' The Department has collected
compositional information on many of the additives proposed for use in fracturing shale

formations in New York directly from chemical suppliers and service companies. This

"7 ICF International, 2009. Technical Assistance for the Draft Supplemental Generic EIS: Oil, Gas and Solution Mining
Regulatory Program. NYSERDA Agreement No. 9679. pp. 10, 19.

"* Ibid.

¥ Ibid., p. 12.

2 Ibid., p. 19.

2 GWPC, 2009a. Modern Shale Gas Development in the United States: A Primer, pp. 61-62.
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information has been evaluated by the Department’s Air Resources and Water Divisions as well
as the Bureaus of Water Supply Protection and Toxic Substances Assessment in the New York
State Department of Health. It has also been reviewed by technical consultants contracted by
NYSERDA? to conduct research related to the preparation of this document. Discussion of
potential environmental impacts and mitigation measures in Chapters 6 and 7 of this SGEIS

reflect analysis and input by all of the foregoing entities.

Six service companies™ and twelve chemical suppliers* have provided additive product
compositional information to the Department that includes more complete information than is
available on product Material Safety Data Sheets (MSDSs)>. Altogether, some compositional
information is on file with the Department for 197 products, with complete compositional
information on file for 152 of those products. Within these products are approximately 260
unique chemicals whose CAS Numbers have been disclosed to the Department and an additional
40 compounds which require further disclosure since many are mixtures. Table 5.3 is an
alphabetical list of all products for which complete chemical information has been provided to
the Department. Table 5.4 is an alphabetical list of products for which only partial chemical
composition information has been provided to the Department. Any product whose name does
not appear within Table 5.3 or Table 5.4 was not evaluated in this SGEIS either because no
chemical information was submitted to the Department or because the product was not proposed
for use in fracturing operations at Marcellus shale wells or other wells targeting other low-
permeability gas reservoirs. MSDSs are on file with the Department for most of the products
listed. The Department considers MSDSs to be public information ineligible for exception from

disclosure as trade secrets or confidential business information.

2 Alpha Environmental Consultants, Inc., ICF International, URS Corporation

2 BJ Services, Frac Tech Services, Halliburton, Superior Well Services, Universal Well Services, Schlumberger, Superior Well
Services

* Baker Petrolite, CESI/Floteck, Champion Technologies/Special Products, Chem EOR, Cortec, Industrial Compounding,
Kemira, Nalco, PfP Technologies, SNF Inc., Weatherford/Clearwater, and WSP Chemicals & Technology

25 MSDSs are designed to provide employees and emergency personnel with proper procedures for handling, working with, and
storing a particular substance and are regulated by the Occupational Safety and Health Administration (OSHA)’s Hazard
Communication Standard, 29 CFR 1910.1200(g).
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Table 5-3 Fracturing Additive Products — Full Composition Disclosure
Made to the Department

Product Name

ABF

Acetic Acid 0.1-10%

Acid Pensurf / Pensurf

Activator W

AGA 150/ Super Acid Gell 150

Al-2

Aldacide G

Alpha 125

Ammonium Persulfate/OB Breaker

APB-1, Ammonium Persulfate Breaker

AQF-2

ASP-820

B315 / Friction Reducer B315

B317 / Scale Inhibitor B317

B859 / EZEFLO Surfactant B859 / EZEFLO F103 Surfactant

B867 / Breaker B867 / Breaker J218

B868 / EB-CLEAN B868 LT Encapsulated Breaker / EB-Clean J479 LT Encapsulated
Breaker

B869 / Corrosion Inhibitor B869 / Corrosion Inhibitor A262

B875 / Borate Crosslinker B875 / Borate Crosslinker J532

B880 / EB-CLEAN B880 Breaker / EB-CLEAN J475 Breaker

B890 / EZEFLO Surfactant B890 / EZEFLO F100 Surfactant

B900 / EZEFLO Surfactant B900/ EZEFLO F108 Surfactant

B910 / Corrosion Inhibitor B910 / Corrosion Inhibitor A264

B916 / Gelling Agent ClearFRAC XT B916 / Gelling Agent ClearFRAC XT J590

BA-2

BA-20

BA-40L

BA-40LM

BC-140

BC-140 X2

BE-3S
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BE-6

BE-7

BE-9

Bentone A-140

BF-1

BF-7/BF-7L

BioClear 1000 / Unicide 1000

Bio-Clear 200 / Unicide 2000

Breaker FR

BXL-2, Crosslinker/ Buffer

BXL-STD / XL-300MB

Carbon Dioxide

CL-31

CLA-CHEK LP

CLA-STA XP

Clay Treat PP

Clay Treat TS

Clay Treat-3C

Clayfix II

Clayfix II plus

Cronox 245 ES/ CI-14

CS-250 SI

CS-650 OS, Oxygen Scavenger

CS-Polybreak 210

CS-Polybreak 210 Winterized

EB-4L

Enzyme G-NE

FE-1A

FE-2

FE-2A

FE-5A

Ferchek

Ferchek A

Ferrotrol 300L

Flomax 50

Flomax 70 / VX9173

FLOPAM DR-6000 / DR-6000

FLOPAM DR-7000 / DR-7000

Formic Acid

FR-46

FR-48W
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FR-56

FRP-121

FRW-14

GasPerm 1000

GBL-8X / LEB-10X / GB-L / En-breaker

GBW-20C

GBW-30 Breaker

Green-Cide 25G / B244 / B244A

HO15 / Hydrochloric Acid 15% H15

HAI-OS Acid Inhibitor

HC-2

High Perm SW-LB

HPH Breaker

HPH foamer

Hydrochloric Acid

Hydrochloric Acid (HCI)

HYG-3

IC 100L

ICA-720/1C-250

ICA-8/1C-200

ICI-3240

Inflo-250

InFlo-250W / InFlo-250 Winterized

Iron Check / Iron Chek

Iron Sta IIC / Iron Sta II

Isopropyl Alcohol

J313 / Water Friction-Reducing Agen J313

J534 / Urea Ammonium Nitrate Solution J534

J580 / Water Gelling Agent J580

K-34

K-35

KCI

L058 / Iron Stabilizer L58

L064 / Temporary Clay Stabilizer L64

LGC-35 CBM

LGC-36 UC

LGC-VIUC

Losurf 300M

MO003 / Soda Ash M3

MA-844W

Methanol
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MO-67

Morflo III

MSA-II

Muriatic Acid 36%

Musol A

NO002 / Nitrogen N2

NCL-100

Nitrogen

Para Clear D290 / ParaClean 11

Paragon 100 E+

PLURADYNE TDA 6

PSA-2L

PSI-720

PSI-7208

SAS-2

Scalechek LP-55

Scalechek LP-65

Scalehib 100 / Super Scale Inhibitor / Scale Clear SI-112

SGA II

Shale Surf 1000

Shale Surf 1000 Winterized

Sodium Citrate

SP Breaker

STIM-50 / LT-32

Super OW 3

Super Pen 2000

SuperGel 15

U042 / Chelating Agent U42

U066 / Mutual Solvent U66

Unicide 100 / EC6116A

Unifoam

Unigel 5F

UniHibA / SP-43X

UnihibG / S-11

Unislik ST 50 / Stim Lube

Vicon NF

WG-11

WG-17

WG-18

WG-35
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WG-36

WLC-6

XL-1

XL-8

XLW-32

Xylene

Table 5-4 Fracturing Additive Products — Partial Composition Disclosure to
the Department

Product Name

20 Degree Baume Muriatic Acid

AcTivator / 78-ACTW

AMB-100

B885 / ClearFRAC LT B885 / ClearFRAC LT J551A

B892 / EZEFLO B892 / EZEFLO F110 Surfactant

CL-22UC

Clay Master 5C

Corrosion Inhibitor A261

FAW-5

FDP-S798-05

FDP-S819-05

FE ACID

FR-48

FRW-16

FRW-18

FRW-25M

GA 8713

GBW-15C

GBW-15L

GW-3LDF

HVG-1, Fast Hydrating Guar Slurry

ICA 400

Inflo-102

J134L / Enzyme Breaker J134L

KCLS-2, KCL Substitute

L065 / Scale Inhibitor L065

LP-65

Magnacide 575 Microbiocide

MSA ACID
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Multifunctional Surfactant F105

Nitrogen, Refrigerated Liquid
OptiKleen-WF

Parasperse Cleaner

Product 239

S-150

SandWedge WF

Scalechek SCP-2

SilkWater FR-A

Super Sol 10/20/30

Unislick 30 / Cyanaflo 105L
WC-5584

WCS 5177 Corrosion Scale Inhibitor
WCW219 Combination Inhibitor
WF-12B Foamer

WEF-12B Salt Inhibitor Stix
WF-12B SI Foamer/Salt Inhibitor
WF12BH Foamer

WFR-C

Information in sections 5.4.1-3 below was compiled primarily by URS Corporation, under

contract to NYSERDA.

5.4.1 Properties of Fracturing Fluids
Additives are used in hydraulic fracturing operations to elicit certain properties and
characteristics that would aide and enhance the operation. The desired properties and

characteristics include:

e Non-reactive

e Non-flammable

e Minimal residuals

e Minimal potential for scale or corrosion.
e Low entrained solids

e Neutral pH (pH 6.5 — 7.5) for maximum polymer hydration
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e Limited formation damage
e Appropriately modify properties of water to carry proppant deep into the shale
e Economical to modify fluid properties

e Minimal environmental effects

5.4.2 Classes of Additives
Table 5.5 lists the types, purposes and examples of additives that have been proposed to date for

use in hydraulic fracturing of gas wells in New York State.

Table 5-5 - Types and Purposes of Additives Proposed for Use in New York

State
Additive Type Description of Purpose Examples of
Chemicals?®
Proppant “Props” open fractures and allows gas / fluids | Sand
to flow more freely to the well bore. [Sintered bauxite;
zirconium oxide; ceramic
beads]
Acid Cleans up perforation intervals of cement and | Hydrochloric acid (HCI,

drilling mud prior to fracturing fluid injection, 3% to 28%)
and provides accessible path to formation.

Breaker Reduces the viscosity of the fluid in order to Peroxydisulfates
release proppant into fractures and enhance
the recovery of the fracturing fluid.

Bactericide / Inhibits growth of organisms that could Gluteraldehyde; 2-Bromo-
Biocide produce gases (particularly hydrogen sulfide) | 2-nitro-1,2-propanediol
that could contaminate methane gas. Also
prevents the growth of bacteria which can
reduce the ability of the fluid to carry proppant
into the fractures.

Clay Stabilizer / Prevents swelling and migration of formation | Salts (e.g., tetramethyl

Control clays which could block pore spaces thereby | ammonium chloride)
reducing permeability. [Potassium chloride (KCI)]

Corrosion Reduces rust formation on steel tubing, well Methanol

Inhibitor casings, tools, and tanks (used only in

fracturing fluids that contain acid).

Crosslinker The fluid viscosity is increased using Potassium hydroxide
phosphate esters combined with metals. The
metals are referred to as crosslinking agents.
The increased fracturing fluid viscosity allows

%6 Chemicals in brackets [ ] have not been proposed for use in the State of New York to date, but are known to be used in other
states or shale formations.
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Additive Type

Description of Purpose

Examples of
Chemicals?®

the fluid to carry more proppant into the
fractures.

Friction Reducer

Allows fracture fluids to be injected at
optimum rates and pressures by minimizing
friction.

Sodium acrylate-
acrylamide copolymer;
polyacrylamide (PAM)

which could plug off the formation.

Gelling Agent Increases fracturing fluid viscosity, allowing Guar gum
the fluid to carry more proppant into the
fractures.
Iron Control Prevents the precipitation of metal oxides Citric acid; thioglycolic

acid

Scale Inhibitor

Prevents the precipitation of carbonates and
sulfates (calcium carbonate, calcium sulfate,
barium sulfate) which could plug off the
formation.

Ammonium chloride;
ethylene glycol;
polyacrylate

Surfactant

Reduces fracturing fluid surface tension
thereby aiding fluid recovery.

Methanol; isopropanol

5.4.3 Composition of Fracturing Fluids

The composition of the fracturing fluid used may vary from one geologic basin or formation to

another in order to meet the specific needs of each operation; but the range of additive types

available for potential use remains the same. There are a number of different chemical

compositions for each additive type; however, only one product of each type is typically utilized
in any given gas well. The selection may be driven by the formation and potential interactions

between additives. Additionally not all additive types will be utilized in every fracturing job.

A sample composition by weight of fracture fluid is provided in Figure 5.3; this composition is
based on data from the Fayetteville Shale.”” Based on this data, approximately 90 percent of the

fracture fluid is water; another approximately 9 percent is proppant (see Photo 5.17); the

remainder, typically less than 0.5 percent consists of chemical additives listed above.

%7 Similar to the Marcellus Shale, the Fayetteville Shale is a marine shale rich in unoxidized carbon (i.e. a black shale). The two

shales are at similar depths, and vertical and horizontal wells have been drilled/fractured at both shales.
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Photo 5.17 - Sand used in hydraulic fracturing operation in Bradford
County, PA.

Barnett Shale is considered to be the first instance of extensive high-volume hydraulic fracture
technology use; the technology has since been applied in other areas such as the Fayetteville
Shale and the Haynesville Shale. URS notes that data collected from applications to drill
Marcellus Shale wells in New York indicate that the typical fracture fluid composition for
operations in the Marcellus Shale is similar to the provided composition in the Fayetteville

Shale.

Even though no horizontal wells have been drilled in the Marcellus Shale in New York,
applications filed to date indicate that it is realistic to expect that the composition of fracture
fluids used in the Marcellus Shale would be similar from one operation to the next. One
potential exception is that additional data provided separately to the Department indicates that
biocides have comprised up to 0.03% of fracturing fluid instead of 0.001% as noted in Figure

5.3.
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Acid, 0.11%

Breaker, 0.01%

Bactericide/Biocide, 0.001%

Clay Stabilizer/Controler,
0.05%

Corrosion Inhibitor, 0.001%

Crosslinker, 0.01%

Other, 0.44% Friction Reducer, 0.08%

‘ Gelling Agent, 0.05%

Iron Control, 0.004%

Scale Inhibitor, 0.04%
ssmactant, 0.08%

pH Adjusting Agent, 0.01%

Figure 5-3 - Sample Fracture Fluid Composition by Weight

Proppant, 8.96%

Each product within the twelve classes of additives may be made up of one or more chemical
constituents. Table 5.6 is a list of chemical constituents and their CAS numbers, that have been
extracted from complete product chemical compositional information and Material Safety Data
Sheets submitted to the NYSDEC for nearly 200 products used or proposed for use in hydraulic
fracturing operations in the Marcellus Shale area of New York. It is important to note that
several manufacturers and suppliers provide similar chemicals (i.e. chemicals that would serve
the same purpose) for any class of additive, and that not all types of additives are used in a single
well. Table 5.6 represents constituents of all hydraulic-fracturing-related chemicals submitted to
NYSDEC to date for potential use at shale wells in the State, only a handful of which would be

utilized in a single well.

Data provided to NYSDEC to date indicates similar fracturing fluid compositions for vertically

and horizontally drilled wells.
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CAS Number™®
2634-33-5
95-63-6
123-91-1
3452-07-1
629-73-2
112-88-9
1120-36-1
10222-01-2
27776-21-2
73003-80-2
15214-89-8
46830-22-2
52-51-7
111-76-2
1113-55-9
104-76-7
67-63-0
26062-79-3
9003-03-6
25987-30-8

71050-62-9
66019-18-9

107-19-7
51229-78-8

115-19-5
127087-87-0

64-19-7
68442-62-6
108-24-7
67-64-1
79-06-1

Table 5-6 - Chemical Constituents in Additives/Chemicals

28,29

Chemical Constituent

1,2 Benzisothiazolin-2-one / 1,2-benzisothiazolin-3-one

1,2,4 trimethylbenzene

1,4 Dioxane

1-eicosene

1-hexadecene

1-octadecene

1-tetradecene

2,2 Dibromo-3-nitrilopropionamide

2,2'-azobis- {2-(imidazlin-2-yl)propane}-dihydrochloride
2,2-Dobromomalonamide

2-Acrylamido-2-methylpropanesulphonic acid sodium salt polymer
2-acryloyloxyethyl(benzyl)dimethylammonium chloride
2-Bromo-2-nitro-1,3-propanediol

2-Butoxy ethanol

2-Dibromo-3-Nitriloprionamide (2-Monobromo-3-nitriilopropionamide)
2-Ethyl Hexanol

2-Propanol / Isopropyl Alcohol / Isopropanol / Propan-2-ol
2-Propen-1-aminium, N,N-dimethyl-N-2-propenyl-chloride, homopolymer
2-propenoic acid, homopolymer, ammonium salt

2-Propenoic acid, polymer with 2 p-propenamide, sodium salt / Copolymer of
acrylamide and sodium acrylate

2-Propenoic acid, polymer with sodium phosphinate (1:1)
2-propenoic acid, telomer with sodium hydrogen sulfite
2-Propyn-1-o0l / Progargyl Alcohol
3,5,7-Triaza-1-azoniatricyclo[3.3.1.13,7]decane, 1-(3-chloro-2-propenyl)-
chloride,

3-methyl-1-butyn-3-ol

4-Nonylphenol Polyethylene Glycol Ether Branched / Nonylphenol
ethoxylated / Oxyalkylated Phenol

Acetic acid

Acetic acid, hydroxy-, reaction products with triethanolamine
Acetic Anhydride

Acetone

Acrylamide

28 Table 5.6 is a list of chemical constituents and their CAS numbers that have been extracted from complete chemical
compositions and Material Safety Data Sheets submitted to the NYSDEC.

% These are the chemical constituents of all chemical additives proposed to be used in New York for hydraulic fracturing
operations at shale wells. Only a few chemicals will be used in a single well; the list of chemical constituents used in an
individual well will be correspondingly smaller.

3% Chemical Abstracts Service (CAS) is a division of the American Chemical Society. CAS assigns unique numerical identifiers
to every chemical described in the literature. The intention is to make database searches more convenient, as chemicals often

have many names. Almost all molecule databases today allow searching by CAS number.

DRAFT SGEIS 9/30/2009, Page 5-45



CAS Number™®
38193-60-1
25085-02-3
69418-26-4

15085-02-3
68551-12-2
64742-47-8

64743-02-8
68439-57-6
9016-45-9
1327-41-9
73138-27-9
71011-04-6
68551-33-7
1336-21-6
631-61-8
68037-05-8
7783-20-2
10192-30-0
12125-02-9
7632-50-0
37475-88-0
1341-49-7
6484-52-2
7727-54-0
1762-95-4
7664-41-7
121888-68-4

71-43-2
119345-04-9
74153-51-8

10043-35-3
1303-86-2
71-36-3
68002-97-1
68131-39-5
10043-52-4
124-38-9
68130-15-4
9012-54-8
9004-34-6
10049-04-4
77-92-9

Chemical Constituent

Acrylamide - sodium 2-acrylamido-2-methylpropane sulfonate copolymer
Acrylamide - Sodium Acrylate Copolymer or Anionic Polyacrylamide
Acrylamide polymer with N,N,N-trimethyl-2[1-oxo-2-propenyl]oxy
Ethanaminium chloride

Acrylamide-sodium acrylate copolymer

Alcohols, C12-C16, Ethoxylated (a.k.a. Ethoxylated alcohol)

Aliphatic Hydrocarbon / Hydrotreated light distillate / Petroleum Distillates /
Isoparaffinic Solvent / Paraffin Solvent / Napthenic Solvent

Alkenes

Alkyl (C14-C16) olefin sulfonate, sodium salt
Alkylphenol ethoxylate surfactants
Aluminum chloride

Amines, C12-14-tert-alkyl, ethoxylated
Amines, Ditallow alkyl, ethoxylated

Amines, tallow alkyl, ethoxylated, acetates
Ammonia

Ammonium acetate

Ammonium Alcohol Ether Sulfate
Ammonium bisulfate

Ammonium Bisulphite

Ammonium Chloride

Ammonium citrate

Ammonium Cumene Sulfonate

Ammonium hydrogen-difluoride

Ammonium nitrate

Ammonium Persulfate / Diammonium peroxidisulphate
Ammonium Thiocyanate

Aqueous ammonia

Bentonite, benzyl(hydrogenated tallow alkyl) dimethylammonium stearate
complex / organophilic clay

Benzene

Benzene, 1,1'-oxybis, tetratpropylene derivatives, sulfonated, sodium salts
Benzenemethanaminium, N,N-dimethyl-N-[2-[(1-0x0-2-propenyl)oxy]ethyl]-
, chloride, polymer with 2-propenamide

Boric acid

Boric oxide / Boric Anhydride

Butan-1-ol

C10 - C16 Ethoxylated Alcohol

C12-15 Alcohol, Ethoxylated

Calcium chloride

Carbon Dioxide

Carboxymethylhydroxypropyl guar

Cellulase / Hemicellulase Enzyme

Cellulose

Chlorine Dioxide

Citric Acid
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CAS Number30 Chemical Constituent

94266-47-4 Citrus Terpenes
61789-40-0 Cocamidopropyl Betaine
68155-09-9 Cocamidopropylamine Oxide
68424-94-2 Coco-betaine
7758-98-7 Copper (II) Sulfate
31726-34-8 Crissanol A-55
14808-60-7 Crystalline Silica (Quartz)
7447-39-4 Cupric chloride dihydrate
1120-24-7 Decyldimethyl Amine
2605-79-0 Decyl-dimethyl Amine Oxide
3252-43-5 Dibromoacetonitrile
25340-17-4 Diethylbenzene
111-46-6 Diethylene Glycol
22042-96-2 Diethylenetriamine penta (methylenephonic acid) sodium salt
28757-00-8 Diisopropyl naphthalenesulfonic acid
68607-28-3 Dimethylcocoamine, bis(chloroethyl) ether, diquaternary ammonium salt
7398-69-8 Dimethyldiallylammonium chloride
25265-71-8 Dipropylene glycol
139-33-3 Disodium Ethylene Diamine Tetra Acetate
5989-27-5 D-Limonene
123-01-3 Dodecylbenzene
27176-87-0 Dodecylbenzene sulfonic acid
42504-46-1 Dodecylbenzenesulfonate isopropanolamine
50-70-4 D-Sorbitol / Sorbitol
37288-54-3 Endo-1,4-beta-mannanase, or Hemicellulase
149879-98-1 Erucic Amidopropyl Dimethyl Betaine
89-65-6 Erythorbic acid, anhydrous
54076-97-0 Ethanaminium, N,N,N-trimethyl-2-[(1-oxo-2-propenyl)oxy]-, chloride,
homopolymer
107-21-1 Ethane-1,2-diol / Ethylene Glycol
9002-93-1 Ethoxylated 4-tert-octylphenol
68439-50-9 Ethoxylated alcohol
126950-60-5 Ethoxylated alcohol
67254-71-1 Ethoxylated alcohol (C10-12)
68951-67-7 Ethoxylated alcohol (C14-15)
68439-46-3 Ethoxylated alcohol (C9-11)
66455-15-0 Ethoxylated Alcohols
84133-50-6 Ethoxylated Alcohols (C12-14 Secondary)
68439-51-0 Ethoxylated Alcohols (C12-14)
78330-21-9 Ethoxylated branch alcohol
34398-01-1 Ethoxylated C11 alcohol
61791-12-6 Ethoxylated Castor Oil
61791-29-5 Ethoxylated fatty acid, coco
61791-08-0 Ethoxylated fatty acid, coco, reaction product with ethanolamine
68439-45-2 Ethoxylated hexanol
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CAS Number™®
9036-19-5
9005-67-8
9004-70-3

64-17-5
100-41-4
97-64-3
9003-11-6

75-21-8
5877-42-9
68526-86-3
61790-12-3
68188-40-9

9043-30-5
7705-08-0
7782-63-0
50-00-0
29316-47-0
153795-76-7

75-12-7
64-18-6
110-17-8
65997-17-3
111-30-8
56-81-5
9000-30-0
9000-30-01
64742-94-5
9025-56-3
7647-01-0
7722-84-1
79-14-1
35249-89-9
9004-62-0
5470-11-1
39421-75-5
35674-56-7
64742-88-7
64-63-0
98-82-8
68909-80-8
8008-20-6
64742-81-0

Chemical Constituent
Ethoxylated octylphenol
Ethoxylated Sorbitan Monostearate
Ethoxylated Sorbitan Trioleate
Ethyl alcohol / ethanol

Ethyl Benzene

Ethyl Lactate

Ethylene Glycol-Propylene Glycol Copolymer (Oxirane, methyl-, polymer
with oxirane)

Ethylene oxide
Ethyloctynol
Exxal 13

Fatty Acids

Fatty acids, tall oil reaction products w/ acetophenone, formaldehyde &
thiourea

Fatty alcohol polyglycol ether surfactant

Ferric chloride

Ferrous sulfate, heptahydrate

Formaldehyde

Formaldehyde polymer with 4,1,1-dimethylethyl phenolmethyl oxirane

Formaldehyde, polymers with branched 4-nonylphenol, ethylene oxide and
propylene oxide

Formamide

Formic acid

Fumaric acid

Glassy calcium magnesium phosphate
Glutaraldehyde

Glycerol / glycerine

Guar Gum

Guar Gum

Heavy aromatic petroleum naphtha
Hemicellulase

Hydrochloric Acid / Hydrogen Chloride / muriatic acid
Hydrogen Peroxide

Hydroxy acetic acid

Hydroxyacetic acid ammonium salt
Hydroxyethyl cellulose

Hydroxylamine hydrochloride

Hydroxypropyl guar

Isomeric Aromatic Ammonium Salt
Isoparaffinic Petroleum Hydrocarbons, Synthetic
Isopropanol

Isopropylbenzene (cumene)

Isoquinoline, reaction products with benzyl chloride and quinoline
Kerosene

Kerosine, hydrodesulfurized
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63-42-3
64742-95-6
1120-21-4
14807-96-6
1184-78-7
67-56-1
68891-11-2
8052-41-3
141-43-5
44992-01-0
64742-48-9
91-20-3
38640-62-9
93-18-5
68909-18-2
68139-30-0
7727-37-9
68412-54-4
121888-66-2
64742-65-0
64741-68-0
70714-66-8

8000-41-7
60828-78-6

25322-68-3
24938-91-8
51838-31-4
56449-46-8
62649-23-4
9005-65-6
61791-26-2
127-08-2
12712-38-8
1332-77-0
20786-60-1
584-08-7
7447-40-7
590-29-4
1310-58-3
13709-94-9
24634-61-5
112926-00-8
57-55-6

Chemical Constituent

Lactose

Light aromatic solvent naphtha

Light Paraffin Oil

Magnesium Silicate Hydrate (Talc)
methanamine, N,N-dimethyl-, N-oxide
Methanol

Methyloxirane polymer with oxirane, mono (nonylphenol) ether, branched

Mineral spirits / Stoddard Solvent

Monoethanolamine

N,N,N-trimethyl-2[1-0x0-2-propenyl]oxy Ethanaminium chloride
Naphtha (petroleum), hydrotreated heavy

Naphthalene

Naphthalene bis(1-methylethyl)

Naphthalene, 2-ethoxy-

N-benzyl-alkyl-pyridinium chloride
N-Cocoamidopropyl-N,N-dimethyl-N-2-hydroxypropylsulfobetaine
Nitrogen, Liquid form

Nonylphenol Polyethoxylate

Organophilic Clays

Petroleum Base Oil

Petroleum naphtha

Phosphonic acid, [[(phosphonomethyl)imino]bis[2,1-
ethanediylnitrilobis(methylene)]]tetrakis-, ammonium salt

Pine Oil

Poly(oxy-1,2-ethanediyl), a-[3,5-dimethyl-1-(2-methylpropyl)hexyl]-w-

hydroxy-

Poly(oxy-1,2-ethanediyl), a-hydro-w-hydroxy / Polyethylene Glycol
Poly(oxy-1,2-ethanediyl), a-tridecyl-o-hydroxy-
Polyepichlorohydrin, trimethylamine quaternized
Polyethlene glycol oleate ester

Polymer with 2-propenoic acid and sodium 2-propenoate
Polyoxyethylene Sorbitan Monooleate

Polyoxylated fatty amine salt

Potassium acetate

Potassium borate

Potassium borate

Potassium Borate

Potassium carbonate

Potassium chloride

Potassium formate

Potassium Hydroxide

Potassium metaborate

Potassium Sorbate

Precipitated silica / silica gel

Propane-1,2-diol, or Propylene glycol
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CAS Number30 Chemical Constituent

107-98-2 Propylene glycol monomethyl ether
68953-58-2 Quaternary Ammonium Compounds
62763-89-7 Quinoline,2-methyl-, hydrochloride
15619-48-4 Quinolinium, 1-(phenylmethl),chloride
7631-86-9 Silica, Dissolved
5324-84-5 Sodium 1-octanesulfonate
127-09-3 Sodium acetate
95371-16-7 Sodium Alpha-olefin Sulfonate
532-32-1 Sodium Benzoate
144-55-8 Sodium bicarbonate
7631-90-5 Sodium bisulfate
7647-15-6 Sodium Bromide
497-19-8 Sodium carbonate
7647-14-5 Sodium Chloride
7758-19-2 Sodium chlorite
3926-62-3 Sodium Chloroacetate
68-04-2 Sodium citrate
6381-77-7 Sodium erythorbate / isoascorbic acid, sodium salt
2836-32-0 Sodium Glycolate
1310-73-2 Sodium Hydroxide
7681-52-9 Sodium hypochlorite
7775-19-1 Sodium Metaborate .8H,O
10486-00-7 Sodium perborate tetrahydrate
7775-27-1 Sodium persulphate
9003-04-7 Sodium polyacrylate
7757-82-6 Sodium sulfate
1303-96-4 Sodium tetraborate decahydrate
7772-98-7 Sodium Thiosulfate
1338-43-8 Sorbitan Monooleate
57-50-1 Sucrose
5329-14-6 Sulfamic acid
112945-52-5 Syntthetic Amorphous / Pyrogenic Silica / Amorphous Silica
68155-20-4 Tall Oil Fatty Acid Diethanolamine
8052-48-0 Tallow fatty acids sodium salt
72480-70-7 Tar bases, quinoline derivs., benzyl chloride-quaternized
68647-72-3 Terpene and terpenoids
68956-56-9 Terpene hydrocarbon byproducts
533-74-4 Tetrahydro-3,5-dimethyl-2H-1,3,5-thiadiazine-2-thione (a.k.a. Dazomet)
55566-30-8 Tetrakis(hydroxymethyl)phosphonium sulfate (THPS)
75-57-0 Tetramethyl ammonium chloride
64-02-8 Tetrasodium Ethylenediaminetetraacetate
68-11-1 Thioglycolic acid
62-56-6 Thiourea
68527-49-1 Thiourea, polymer with formaldehyde and 1-phenylethanone
108-88-3 Toluene
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81741-28-8 Tributyl tetradecyl phosphonium chloride
68299-02-5 Triethanolamine hydroxyacetate
112-27-6 Triethylene Glycol
52624-57-4 Trimethylolpropane, Ethoxylated, Propoxylated
150-38-9 Trisodium Ethylenediaminetetraacetate
5064-31-3 Trisodium Nitrilotriacetate
7601-54-9 Trisodium ortho phosphate
57-13-6 Urea
25038-72-6 Vinylidene Chloride/Methylacrylate Copolymer
7732-18-5 Water
1330-20-7 Xylene

Chemical Constituent

Aliphatic acids

Aliphatic alcohol glycol ether
Alkyl Aryl Polyethoxy Ethanol
Alkylaryl Sulfonate

Aromatic hydrocarbons

Aromatic ketones

Oxyalkylated alkylphenol
Petroleum distillate blend
Polyethoxylated alkanol
Polymeric Hydrocarbons

Salt of amine-carbonyl condensate
Salt of fatty acid/polyamine reaction product
Sugar

Surfactant blend

Chemical constituents are not linked to product names in Table 5.6 because a significant number
of product composition and formulas have been justified as trade secrets as defined and provided

by Public Officers Law §87.2(d) and the Department’s implementing regulation, 6 NYCRR
616.7.

5.4.3.1 Chemical Categories and Health Information

DEC requested assistance from NYSDOH in identifying potential exposure pathways and
constituents of concern associated with high-volume hydraulic fracturing for low-permeability
gas reservoir development. DEC provided DOH with fracturing additive product constituents
based on Material Safety Data Sheets (MSDSs) and product-composition disclosures for
hydraulic fracturing additive products that were provided by well-service companies and the

chemical supply companies that manufacture the products.
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Compound-specific toxicity data are very limited for many chemical additives to fracturing

fluids, so chemicals potentially present in fracturing fluids were grouped together into categories

according to their chemical structure (or function in the case of microbiocides) in Table 5.7,

compiled by NYSDOH. As explained above, any given individual fracturing job will only

involve a handful of chemicals and may not include every category of chemicals.

Table 5-7 - Categories based on chemical structure of potential fracturing
fluid constituents. Chemicals are grouped in order of ascending CAS

Number by category.
Chemical CAS Number

Amides

Formamide 75-12-7
acrylamide 79-06-1
Amines

urea 57-13-6
thiourea 62-56-6
tetramethyl ammonium chloride 75-57-0
monoethanolamine 141-43-5
Decyldimethyl Amine 1120-24-7
methanamine, N,N-dimethyl-, N-oxide 1184-78-7
Decyl-dimethyl Amine Oxide 2605-79-0
dimethyldiallylammonium chloride 7398-69-8
polydimethyl dially ammonium chloride 26062-79-3
dodecylbenzenesulfonate isopropanolamine 42504-46-1
N,N,N-trimethyl-2[1-0x0-2-propenylJoxy ethanaminium chloride 44992-01-0
2-acryloyloxyethyl(benzyl)dimethylammonium chloride 46830-22-2
ethanaminium, N,N,N-trimethyl-2-[(1-oxo-2-propenyl)oxy]-, chloride, homopolymer 54076-97-0
Cocamidopropyl Betaine 61789-40-0
polyoxylated fatty amine salt 61791-26-2
quinoline, 2-methyl, hydrochloride 62763-89-7
N-cocoamidopropyl-N,N-dimethyl-N-2-hydroxypropylsulfobetaine 68139-30-0
tall oil fatty acid diethanolamine 68155-20-4
N-cocoamidopropyl-N,N-dimethyl-N-2-hydroxypropylsulfobetaine 68424-94-2
amines, tallow alkyl, ethoxylated, acetates 68551-33-7
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Chemical CAS Number

quaternary ammonium compounds, bis(hydrogenated tallow alkyl) dimethyl, salts with bentonite 68953-58-2
amines, ditallow alkyl, ethoxylated 71011-04-6
amines, C-12-14-tert-alkyl, ethoxylated 73138-27-9
benzenemethanaminium, N,N-dimethyl-N-[2-[(1-0x0-2-propenyl)oxy]ethyl]-, chloride, polymer

. . 74153-51-8
with 2-propenamide
Erucic Amidopropyl Dimethyl Betaine 149879-98-1
Petroleum Distillates
light paraffin oil 1120-21-4
kerosene 8008-20-6
stoddard solvent 8052-41-3
petroleum naphtha 64741-68-0
Multiple names listed under same CAS#:
LVP aliphatic hydrocarbon,
hydrotreated light distillate,
low odor paraffin solvent,
paraffin solvent,
paraffinic napthenic solvent, 64742-47-8
isoparaffinic solvent,
distillates (petroleum) hydrotreated light,
petroleum light distillate,
aliphatic hydrocarbon,
petroleum distillates
naphtha, hydrotreated heavy 64742-48-9
petroleum base oil 64742-65-0
kerosine (petroleum, hydrodesulfurized) 64742-81-0
kerosine (petroleum, hydrodesulfurized) 64742-88-7
Multiple names listed under same CAS#:
heavy aromatic petroleum naphtha, 64742-94-5
light aromatic solvent naphtha
light aromatic solvent naphtha 64742-95-6
alkenes, C> 10 a- 64743-02-8
Aromatic Hydrocarbons
benzene 71-43-2
naphthalene 91-20-3
naphthalene, 2-ethoxy 93-18-5
1,2,4-trimethylbenzene 95-63-6
cumene 98-82-8
ethyl benzene 100-41-4
toluene 108-88-3
dodecylbenzene 123-01-3
xylene 1330-20-7
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Chemical CAS Number
diethylbenzene 25340-17-4
naphthalene bis(1-methylethyl) 38640-62-9
Alcohols
sorbitol (or) D-sorbitol 50-70-4
Glycerol 56-81-5
propylene glycol 57-55-6
ethanol 64-17-5
isopropyl alcohol 67-63-0
methanol 67-56-1
isopropyl alcohol 67-63-0
butanol 71-36-3
2-ethyl-1-hexanol 104-76-7
propargyl alcohol 107-19-7
ethylene glycol 107-21-1
Diethylene Glycol 111-46-6
3-methyl-1-butyn-3-ol 115-19-5
Ethyloctynol 5877-42-9
Glycol Ethers & Ethoxylated Alcohols
propylene glycol monomethyl ether 107-98-2
ethylene glycol monobutyl ether 111-76-2
triethylene glycol 112-27-6
oxylated 4-tert-octylphenol 9002-93-1
ethoxylated sorbitan trioleate 9005-70-3
Polysorbate 80 9005-65-6
ethoxylated sorbitan monostearate 9005-67-8
Polyethylene glycol-(phenol) ethers 9016-45-9
Polyethylene glycol-(phenol) ethers 9036-19-5
fatty alcohol polyglycol ether surfactant 9043-30-5
Poly(oxy-1,2-ethanediyl), a-tridecyl-w-hydroxy- 24938-91-8
Dipropylene glycol 25265-71-8
Nonylphenol Ethoxylate 26027-38-3
crissanol A-55 31726-34-8
Polyethylene glycol-(alcohol) ethers 34398-01-1
Trimethylolpropane, Ethoxylated, Propoxylated 52624-57-4
Polyethylene glycol-(alcohol) ethers 60828-78-6
Ethoxylated castor oil [PEG-10 Castor oil] 61791-12-6
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ethoxylated alcohols 66455-15-0
ethoxylated alcohol 67254-71-1
Ethoxylated alcohols (9 — 16 carbon atoms) 68002-97-1
ammonium alcohol ether sulfate 68037-05-8
Polyethylene glycol-(alcohol) ethers 68131-39-5
Polyethylene glycol-(phenol) ethers 68412-54-4
ethoxylated hexanol 68439-45-2
Polyethylene glycol-(alcohol) ethers 68439-46-3
Ethoxylated alcohols (9 — 16 carbon atoms) 68439-50-9
C12-C14 ethoxylated alcohols 68439-51-0
Exxal 13 68526-86-3
Ethoxylated alcohols (9 — 16 carbon atoms) 68551-12-2
alcohols, C-14-15, ethoxylated 68951-67-7
Ethoxylated Branched C11-14, C-13-rich Alcohols 78330-21-9
Ethoxylated alcohols (9 — 16 carbon atoms) 84133-5-6
alcohol ethoxylated 126950-60-5
Polyethylene glycol-(phenol) ethers 127087-87-0
Microbiocides
bronopol 52-51-7
glutaraldehyde 111-30-8
2-monobromo-3-nitrilopropionamide 1113-55-9
1,2-benzisothiazolin-3-one 2634-33-5
dibromoacetonitrile 3252-43-5
dazomet 533-74-4
Hydrogen Peroxide 7722-84-1
2,2-dibromo-3-nitrilopropionamide 10222-01-2
tetrakis 55566-30-8
2,2-dibromo-malonamide 73003-80-2
Organic Acids and Related Chemicals
tetrasodium EDTA 64-02-8
formic acid 64-18-6
acetic acid 64-19-7
sodium citrate 68-04-2
thioglycolic acid 68-11-1
hydroxyacetic acid 79-14-1
erythorbic acid, anhydrous 89-65-6
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Chemical CAS Number
ethyl lactate 97-64-3
acetic anhydride 108-24-7
fumaric acid 110-17-8
potassium acetate 127-08-2
sodium acetate 127-09-3
Disodium Ethylene Diamine Tetra Acetate 139-33-3
Trisodium Ethylenediamine tetraacetate 150-38-9
sodium benzoate 532-32-1
potassium formate 590-29-4
ammonium acetate 631-61-8
Sodium Glycolate 2836-32-0
Sodium Chloroacetate 3926-62-3
trisodium nitrilotriacetate 5064-31-3
sodium 1-octanesulfonate 5324-84-5
Sodium Erythorbate 6381-77-7
ammonium citrate 7632-50-0
tallow fatty acids sodium salt 8052-48-0
quinolinium, 1-(phenylmethyl), chloride 15619-48-4
diethylenetriamine penta (methylenephonic acid) sodium salt 22042-96-2
potassium sorbate 24634-61-5
dodecylbenzene sulfonic acid 27176-87-0
diisopropyl naphthalenesulfonic acid 28757-00-8
hydroxyacetic acid ammonium salt 35249-89-9
isomeric aromatic ammonium salt 35674-56-7
ammonium cumene sulfonate 37475-88-0
Fatty Acids 61790-12-3
fatty acid, coco, ethoxylated 61791-29-5
2-propenoic acid, telomer with sodium hydrogen sulfite 66019-18-9
carboxymethylhydroxypropyl guar 68130-15-4
fatty acids, tall oil reaction products w/ acetophenone, formaldehyde & thiourea 68188-40-9
triethanolamine hydroxyacetate 68299-02-5
alkyl (C14-C16) olefin sulfonate, sodium salt 68439-57-6
triethanolamine hydroxyacetate 68442-62-6
N-benzyl-alkyl-pyridinium chloride 68909-18-2
phosphgnic acid, [[(phosphonomethyl)imino]bis[2,1-ethanediylnitrilobis (methylene)]]tetrakis- 70714-66-8
ammonium salt
tributyl tetradecyl phosphonium chloride 81741-28-8
sodium alpha-olefin sulfonate 95371-16-7
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benzene, 1,1'-oxybis, tetratpropylene derivatives, sulfonated, sodium salts 119345-04-9
Polymers
guar gum 9000-30-0
guar gum 9000-30-01
2-propenoic acid, homopolymer, ammonium salt 9003-03-6
low mol wt polyacrylate 9003-04-7
Low Mol. Wt. Polyacrylate 9003-04-7
Multiple names listed under same CAS#:
oxirane, methyl-, polymer with oxirane, 9003-11-6
Ethylene Glycol-Propylene Glycol Copolymer
cellulose 9004-34-6
hydroxyethyl cellulose 9004-62-0
cellulase/hemicellulase enzyme 9012-54-8
hemicellulase 9025-56-3
acrylamide-sodium acrylate copolymer 25085-02-3
Vinylidene Chloride/Methylacrylate Copolymer 25038-72-6
polyethylene glycol 25322-68-3
copolymer of acrylamide and sodium acrylate 25987-30-8
formaldehyde polymer with 4,1,1-dimethylethyl phenolmethyl oxirane 29316-47-0
hemicellulase 37288-54-3
acrylamide - sodium 2-acrylamido-2-methylpropane sulfonate copolymer 38193-60-1
oxiranemthanaminium, N,N,N-trimethyl-, chloride, homopolymer (aka: polyepichlorohydrin,
trimethylamine quaternized) >1838-31-4
polyethlene glycol oleate ester 56449-46-8
polymer with 2-propenoic acid and sodium 2-propenoate 62649-23-4
modified thiourea polymer 68527-49-1
methyloxirane polymer with oxirane, mono (nonylphenol) ether, branched 68891-11-2
acrylamide polymer with N,N,N-trimethyl-2[1-0x0-2-propenyl]oxy ethanaminium chloride 69418-26-4
2-propenoic acid, polymer with sodium phosphinate (1:1) 71050-62-9
formaldehyde, polymers with branched 4-nonylphenol, ethylene oxide and propylene oxide 153795-76-7
Minerals, Metals and other Inorganics
carbon dioxide 124-38-9
sodium bicarbonate 144-55-8
Sodium Carbonate 497-19-8
Potassium Carbonate 584-08-7
Boric Anhydride (a.k.a. Boric Oxide) 1303-86-2
sodium tetraborate decahydrate 1303-96-4
Potassium Hydroxide 1310-58-3
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Chemical CAS Number
sodium hydroxide 1310-73-2
aluminum chloride, basic 1327-41-9
sodium tetraborate decahydrate 1332-77-0
aqua ammonia 29.4% 1336-21-6
ammonium hydrogen-difluoride 1341-49-7
ammonium thiocyanate 1762-95-4
sulfamic acid 5329-14-6
hydroxylamine hydrochloride 5470-11-1
ammonium nitrate 6484-52-2
cupric chloride dihydrate 7447-39-4
potassium chloride 7447-40-7
Trisodium ortho phosphate 7601-54-9
Non-Crystaline Silica 7631-86-9
sodium bisulfate 7631-90-5
hydrochloric acid 7647-01-0
sodium chloride 7647-14-5
sodium bromide 7647-15-6
aqueous ammonia 7664-41-7
sodium hypochlorite 7681-52-9
ferric chloride 7705-08-0
nitrogen 7727-37-9
ammonium persulfate 7727-54-0
water 7732-18-5
sodium sulfate 7757-82-6
sodium chlorite 7758-19-2
sodium thousulfate 7772-98-7
Sodium Metaborate.8H20 7775-19-01
Sodium Persulphate 7775-27-1
ferrous sulfate, heptahydrate 7782-63-0
ammonium bisulfate 7783-20-2
boric acid 10043-35-3
Calcium Chloride 10043-52-4
Chlorine Dioxide 10049-04-4
ammonium bisulphite 10192-30-0
sodium perborate tetrahydrate 10486-00-7
ammonium chloride 12125-02-9
potassium borate 12714-38-8
potassium metaborate 13709-94-9
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Chemical CAS Number
Magnesium Silicate Hydrate (Talc) 14807-96-6
crystalline silica (quartz) 14808-60-7
glassy calcium magnesium phosphate 65997-17-3
silica gel 112926-00-8
synthetic amorphous, pyrogenic silica 112945-52-5
synthetic amorphous, pyrogenic silica 121888-66-2
Miscellaneous
formaldehyde 50-00-0
Sucrose 57-50-1
lactose 63-42-3
acetone 67-64-1
ethylene oxide 75-21-8
l-octadecene 112-88-9
1,4-dioxane 123-91-1
1-hexadecene 629-73-2
1-tetradecene 1120-36-1
sorbitan monooleate 1338-43-8
1-eicosene 3452-07-1
D-Limonene 5989-27-5
Pine Oil 8000-41-7
2,2'-azobis- {2-(imidazlin-2-yl)propane } -dihydrochloride 27776-21-2
3,5,7-triaza-1-azoniatricyclo[3.3.1.13,7]decane, 1-(3-chloro-2-propenyl)-chloride 51229-78-8
alkenes 64743-02-8
Cocamidopropyl Oxide 68155-09-9
terpene and terpenoids 68647-72-3
terpene hydrocarbon byproducts 68956-56-9
tar bases, quinoline derivs., benzyl chloride-quaternized 72780-70-7
citrus terpenes 94266-47-4
organophilic clays 121888-68-4
Listed without CAS Number®
belongs with amines
proprietary quaternary ammonium compounds NA
quaternary ammonium compound NA

3! Constituents listed without CAS #’s were tentatively placed in chemical categories based on the name listed on the MSDS or
within confidential product composition disclosures. Many of the constituents reported without CAS #s, are mixtures which

require further disclosure to DEC.
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Chemical CAS Number
triethanolamine (tea) 85%, drum NA
Quaternary amine NA
Fatty amidoalkyl betaine NA
belongs with petroleum distillates
petroleum distillate blend NA
belongs with aromatic hydrocarbons
aromatic hydrocarbon NA
aromatic ketones NA
belongs with glycol ethers and ethoxylated alcohols
Acetylenic Alcohol NA
Aliphatic Alcohols, ethoxylated NA
Aliphatic Alcohol glycol ether NA
Ethoxylated alcohol linear NA
Ethoxylated alcohols NA
aliphatic alcohol polyglycol ether NA
alkyl aryl polyethoxy ethanol NA
misture of ethoxylated alcohols NA
nonylphenol ethoxylate NA
oxyalkylated alkylphenol NA
polyethoxylated alkanol NA
Oxyalkylated alcohol NA
belongs with organic acids
Aliphatic acids derivative NA
Aliphatic Acids NA
hydroxy acetic acid NA
citric acid 50%, base formula NA
Alkylaryl Sulfonate NA
belongs with polymers
hydroxypropyl guar NA
2-acrylamido-2-methylpropanesulphonic acid sodium salt polymer NA
belongs with minerals, metals and other inorganics
precipitated silica NA
sodium hydroxide NA
belongs with miscellaneous
epa inert ingredient NA
non-hazardous ingredients NA
proprietary surfactant NA
salt of fatty acid/polyamine reaction product NA

DRAFT SGEIS 9/30/2009, Page 5-60




Chemical CAS Number
salt of amine-carbonyl condensate NA
surfactant blend NA
sugar NA
polymeric hydrocarbon mixture NA

Although exposure to fracturing additives would require a failure of operational controls such as
an accident, a spill or other non-routine incident, the health concerns noted by NYSDOH for
each chemical category are discussed below. The discussion is based on available qualitative
hazard information for chemicals from each category. Qualitative descriptions of potential
health concerns discussed below generally apply to all exposure routes (i.e., ingestion, inhalation
or skin contact) unless a specific exposure route is mentioned. For most chemical categories,
health information is available for only some of the chemicals in the category. More specific
assessment of health risks associated with a contamination event would entail an analysis based
on the specific additives being used and site-specific information about exposure pathways and
environmental contaminant levels. Potential human health risks of a specific event would be
assessed by comparison of case-specific exposure data with existing drinking standards or
ambient air guidelines.* If needed, other chemical-specific health comparison values would be
developed, based on a case-specific review of toxicity literature for the chemicals involved. A
case-specific assessment would include information on how potential health effects might differ

(both qualitatively and quantitatively) depending on the route of exposure.

Petroleum Distillate Products
Petroleum-based constituents are included in some fracturing fluid additive products. They are
listed in MSDSs as various petroleum distillate fractions including kerosene, petroleum naphtha,
aliphatic hydrocarbon, petroleum base oil, heavy aromatic petroleum naphtha, mineral spirits,
hydrotreated light petroleum distillates, stoddard solvent or aromatic hydrocarbon. These can be
found in a variety of additive products including corrosion inhibitors, friction reducers and
solvents. Petroleum distillate products are mixtures that vary in their composition, but they have

similar adverse health effects. Accidental ingestion that results in exposure to large amounts of

32 10 NYCRR Part 5: Drinking Water Supplies; Subpart 5-1: Public Water Systems, Maximum Contaminant Levels;
NYS DEC Policy DAR-1: Guidelines for the Control of Toxic Ambient Air Contaminants
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petroleum distillates is associated with adverse effects on the gastrointestinal system and central
nervous system. Skin contact with kerosene for short periods can cause skin irritation, blistering

or peeling. Breathing petroleum distillate vapors can adversely affect the central nervous system.

Aromatic Hydrocarbons
Some fracturing additive products contain specific aromatic hydrocarbon compounds that can
also occur in petroleum distillates (benzene, toluene, ethylbenzene and xylene or BTEX;
naphthalene and related derivatives, trimethylbenzene, diethylbenzene, dodecylbenzene,
cumene). BTEX compounds are associated with adverse effects on the nervous system, liver,
kidneys and blood-cell-forming tissues. Benzene has been associated with an increased risk of
leukemia in industrial workers who breathed elevated levels of the chemical over long periods of
time in workplace air. Exposure to high levels of xylene has damaged the unborn offspring of
laboratory animals exposed during pregnancy. Naphthalene is associated with adverse effects on
red blood cells when people consumed naphthalene mothballs or when infants wore cloth diapers
stored in mothballs. Laboratory animals breathing naphthalene vapors for their lifetimes had

damage to their respiratory tracts and increased risk of nasal and lung tumors.

Glycols
Glycols occur in several fracturing fluid additives including crosslinkers, breakers, clay and iron
controllers, friction reducers and scale inhibitors. Propylene glycol has low inherent toxicity and
is used as an additive in food, cosmetic and drug products. High exposure levels of ethylene

glycol adversely affect the kidneys and reproduction in laboratory animals.

Glycol Ethers
Glycol ethers and related ethoxylated alcohols and phenols are present in fracturing fluid
additives, including corrosion inhibitors, surfactants and friction reducers. Some glycol ethers
(e.g., monomethoxyethanol, monoethoxyethanol, propylene glycol monomethyl ether, ethylene
glycol monobutyl ether) can affect the male reproductive system and red blood cell formation in

laboratory animals at high exposure levels.
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Alcohols
Alcohols are present in some fracturing fluid additive products, including corrosion inhibitors,
foaming agents, iron and scale inhibitors and surfactants. Exposure to high levels of some

alcohols (e.g., ethanol, methanol) affect the central nervous system.

Amides
Acrylamide is used in some fracturing fluid additives to create polymers during the stimulation
process. These polymers are part of some friction reducers and scale inhibitors. Although the
reacted polymers that form during fracturing are of low inherent toxicity, unreacted acrylamide
may be present in the fracturing fluid, or breakdown of the polymers could release acrylamide
back into the flowback water. High levels of acrylamide damage the nervous system and

reproductive system in laboratory animals and also cause cancer in laboratory animals.

Formamide may be used in some corrosion inhibitors products. Ingesting high levels of

formamide adversely affects the female reproductive system in laboratory animals.

Amines
Amines are constituents of fracturing fluid products including corrosion inhibitors, cross-linkers,
friction reducers, iron and clay controllers and surfactants. Chronic ingestion of mono-, di- or

tri-ethanolamine adversely affects the liver and kidneys of laboratory animals.

Some quaternary ammonium compounds, such as dimethyldiallyl ammonium chloride, can react
with chemicals used in some systems for drinking water disinfection to form nitrosamines.

Nitrosamines cause genetic damage and cancer when ingested by laboratory animals.

Organic Acids, Salts and Related Chemicals
Organic acids and related chemicals are constituents of fracturing fluid products including acids,
buffers, corrosion and scale inhibitors, friction reducers, iron and clay controllers, solvents and
surfactants. Some short-chain organic acids such as formic, acetic and citric acids can be
corrosive or irritating to skin and mucous membranes at high concentrations. However, acetic
and citric acids are regularly consumed in foods (such as vinegar and citrus fruits) where they

occur naturally at lower levels that are not harmful.
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Some foaming agents and surfactant products contain organic chemicals included in this
category that contain a sulfonic acid group (sulfonates). Exposure to elevated levels of

sulfonates is irritating to the skin and mucous membranes.

Microbiocides
Microbiocides are antimicrobial pesticide products intended to inhibit the growth of various
types of bacteria in the well. A variety of different chemicals are used in different microbiocide
products that are proposed for Marcellus wells. Toxicity information is limited for several of the
microbiocide chemicals. However, for some, high exposure has caused effects in the respiratory

and gastrointestinal tracts, the kidneys, the liver and the nervous system in laboratory animals.

Other Constituents
The remaining chemicals listed in MSDSs and confidential product composition disclosures
provided to DEC are included in Table 5.7 under the following categories: polymers,
miscellaneous chemicals that did not fit another chemical category and product constituents that
were not identified by a Chemical Abstract Service (CAS) number. Readily available health
effects information is lacking for many of these constituents, but two that are relatively well
studied are discussed here. In the event of environmental contamination involving chemicals
lacking readily available health effects information, the toxicology literature would have to be

researched for chemical-specific toxicity data.

Formaldehyde is listed as a constituent in some corrosion inhibitors, scale inhibitors and
surfactants. In most cases, the concentration listed in the product is relatively low (< 1%) and is
listed alongside a formaldehyde-based polymer constituent. Formaldehyde is irritating to tissues
when it comes into direct contact with them. The most common symptoms include irritation of
the skin, eyes, nose, and throat, along with increased tearing. Severe pain, vomiting, coma, and
possible death can occur after drinking large amounts of formaldehyde. Several studies of
laboratory rats exposed for life to high amounts of formaldehyde in air found that the rats
developed nose cancer. Some studies of humans exposed to lower amounts of formaldehyde in
workplace air found more cases of cancer of the nose and throat (nasopharyngeal cancer) than
expected, but other studies have not found nasopharyngeal cancer in other groups of workers

exposed to formaldehyde in air.
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1,4-dioxane may be used in some surfactant products. 1,4-Dioxane is irritating to the eyes and
nose when vapors are breathed. Exposure to very high levels may cause severe kidney and liver
effects and possibly death. Studies in animals have shown that breathing vapors of 1,4-dioxane,
swallowing liquid 1,4-dioxane or contaminated drinking water, or having skin contact with liquid
1,4-dioxane affects mainly the liver and kidneys. Laboratory rats and mice that drank water
containing 1,4-dioxane during most of their lives developed liver cancer; the rats also developed

cancer inside the nose.

Conclusions
The hydraulic fracturing product additives proposed for use in NYS and used for fracturing
horizontal Marcellus shale wells in other states contain similar types of chemical constituents as
the products that have been used for many years for hydraulic fracturing of traditional vertical
wells in NYS. Some of the same products are used in both well types. The total amount of
fracturing additives and water used in hydraulic fracturing of horizontal wells is considerably
larger than for traditional vertical wells. This suggests the potential environmental consequences
of an upset condition could be proportionally larger for horizontal well drilling and fracturing
operations. As mentioned earlier, the 1992 GEIS addressed hydraulic fracturing in Chapter 9,
and NYSDOH’s review did not identify any potential exposure situations associated with
horizontal drilling and high-volume hydraulic fracturing that are qualitatively different from

those addressed in the GEIS.

5.5  Transport of Hydraulic Fracturing Additives

Fracturing additives are transported in “DOT-approved” trucks or containers. The trucks are
typically flat-bed trucks that carry a number of strapped-on plastic totes which contain the liquid
additive products. (Totes are further described in Section 5.6.) Liquid products used in smaller
quantities are transported in one-gallon sealed jugs carried in the side boxes of the flat-bed.

Some liquid constituents, such as hydrochloric acid, are transferred in tank trucks.

Dry additives are transported on flat-beds in 50- or 55-pound bags which are set on pallets
containing 40 bags each and shrink-wrapped, or in five-gallon sealed plastic buckets. When

smaller quantities of some dry products such as powdered biocides are used, they are contained
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in a double-bag system and may be transported in the side boxes of the truck that constitutes the

blender unit.

Regulations that reference “DOT-approved” trucks or containers that are applicable to the
transportation and storage of hazardous frac additives refer to federal (USDOT) regulations for
registering and permitting commercial motor carriers and drivers, and established standards for
hazardous containers. The United Nations (UN) also has established standards and criteria for
containers. New York is one of many states where the state agency (NYSDOT) has adopted the
federal regulations for transporting hazardous materials interstate. The NYSDOT has its own

requirements for intrastate transportation. 3

Transporting frac additives that are hazardous is comprehensively regulated under existing
regulations. The regulated materials include the hazardous additives and mixtures containing
thresholds of hazardous materials. These transported materials are maintained in the USDOT or

UN-approved storage containers until the materials are consumed at the drill sites.**

5.5.1 USDOT Transportation Regulations®

The federal Hazardous Material Transportation Act (HMTA, 1975) and the Hazardous Materials
Transportation Uniform Safety Act (HMTUSA, 1990) are the basis for federal hazardous
materials transportation law (49 U.S.C.) and give regulatory authority to the Secretary of the
USDOT to:

e “Designate material (including an explosive, radioactive, infectious substance, flammable
or combustible liquid, solid or gas, toxic, oxidizing, or corrosive material, and
compressed gas) or a group or class of material as hazardous when the Secretary
determines that transporting the material in commerce in a particular amount and form
may pose an unreasonable risk to health and safety or property; and

e “Issue regulations for the safe transportation, including security, of hazardous material in
intrastate, interstate, and foreign commerce” (PHMSA, 2009).

33 Alpha Environmental Consultants, Inc., 2009. Technical Contributions to the Draft Supplemental Generic Environmental
Impact Satement (dASGEIS) for the NYSDEC Qil, Gas and Solution Mining Regulatory Program.

34 Ibid.
35 Tbid.
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The Code of Federal Regulations (CFR), Title 49, includes the Hazardous Materials

Transportation Regulations, Parts 100 through 199. Federal hazardous materials regulations

include:

Hazardous materials classification (Parts 171 and 173)
Hazard communication (Part 172)

Packaging requirements (Parts 173, 178, 179, 180)
Operational rules (Parts 171, 172, 173, 174, 175, 176, 177)
Training and security (part 172)

Registration (Part 171)

The extensive regulations address the potential concerns involved in transporting hazardous

fracturing additives, such as Loading and Unloading (Part 177), General Requirements for

Shipments and Packaging (Part 173), Specifications for Packaging (Part 178), and Continuing

Qualification and Maintenance of Packaging (Part 180).

Regulatory functions are carried out by the following USDOT agencies:

Pipeline and Hazardous Materials Safety Administration (PHMSA)
Federal Motor Carrier Safety Administration (FMCSA)
Federal Aviation Administration (FAA)

United States Coast Guard (USCG)

Each of these agencies shares in promulgating regulations and enforcing the federal hazmat

regulations. State, local, or tribal requirements may only preempt federal hazmat regulations if

one of the federal enforcing agencies issues a waiver of preemption based on accepting a

regulation that offers an equal or greater level of protection to the public and does not

unreasonably burden commerce.

The interstate transportation of hazardous materials for motor carriers is regulated by FMCSA

and PHMSA. FMCSA establishes standards for commercial motor vehicles, drivers, and
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companies, and enforces 49 CFR Parts 350-399. FMCSA’s responsibilities include monitoring
and enforcing regulatory compliance, with focus on safety and financial responsibility.
PHMSA’s enforcement activities relate to “the shipment of hazardous materials, fabrication,
marking, maintenance, reconditioning, repair or testing of multi-modal containers that are
represented, marked, certified, or sold for use in the transportation of hazardous materials.”
PHMSA'’s regulatory functions include issuing Hazardous Materials Safety Permits; issuing rules
and regulations for safe transportation; issuing, renewing, modifying, and terminating special
permits and approvals for specific activities; and receiving, reviewing, and maintaining records,

among other duties.

5.5.2  New York State DOT Transportation Regulations®®

New York State requires all registrants of commercial motor vehicles to obtain a USDOT
number. New York has adopted the FMCSA regulations CFR 49, Parts 390, 391, 392, 393, 395,
and 396, and the Hazardous Materials Transportation Regulations, Parts 100 through 199, as
those regulations apply to interstate highway transportation (NYSDOT, 6/2/09). There are minor
exemptions to these federal regulations in NYCRR Title17 Part 820, “New York State Motor
Carrier Safety Regulations”; however, the exemptions do not directly relate to the objectives of

this review.

The NYS regulations include motor vehicle carriers that operate solely on an intrastate basis.
Those carriers and drivers operating in intrastate commerce must comply with 17 NYCRR Part
820, in addition to the applicable requirements and regulations of the NYS Vehicle and Traffic
Law and the NYS Department of Motor Vehicles (DMV), including the regulations requiring
registration or operating authority for transporting hazardous materials from the USDOT or the

NYSDOT Commissioner.

Part 820.8 (Transportation of hazardous materials) states “Every person ... engaged in the
transportation of hazardous materials within this State shall be subject to the rules and
regulations contained in this Part.” The regulations require that the material be “properly
classed, described, packaged, clearly marked, clearly labeled, and in the condition for

shipment...” [820.8(b)]; that the material “is handled and transported in accordance with this

3% Ibid.
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Part” [(820.8(c)]; “require a shipper of hazardous materials to have someone available at all
times, 24 hours a day, to answer questions with respect to the material being carried and the
hazards involved” [(820.8.(f)]; and provides for immediately reporting to “the fire or police
department of the local municipality or to the Division of State Police any incident that occurs
during the course of transportation (including loading, unloading and temporary storage) as a

direct result of hazardous materials™ [820.8 (h)].

Part 820 specifies that “In addition to the requirements of this Part, the Commissioner of
Transportation adopts the following sections and parts of Title 49 of the Code of Federal
Regulations with the same force and effect... for classification, description, packaging, marking,
labeling, preparing, handling and transporting all hazardous materials, and procedures for
obtaining relief from the requirements, all of the standards, requirements and procedures
contained in sections 107.101, 107.105, 107.107, 107.109, 107.111, 107.113, 107.117, 107.121,
107.123, Part 171, except section 171.1, Parts 172 through 199, including appendices, inclusive
and Part 397.

5.6  On-Site Storage and Handling of Hydraulic Fracturing Additives

Prior to use, additives remain at the wellsite in the containers and on the trucks in which they are
transported and delivered. Storage time is generally less than a week for economic and logistical
reasons, materials are not delivered until fracturing operations are set to commence, and only the

amount needed for scheduled continuous fracturing operations is delivered at any one time.

As detailed in Section 5.4.3, there are 12 classes of additives, based on their purpose or use; not
all classes would be used at every well; and only one product in each class would typically be
used per job. Therefore, although the chemical lists in Tables 5.5 and 5.6 reflect nearly 200
products, no more than 12 products and far fewer chemicals than listed would be present at one

time at any given site.

When the hydraulic fracturing procedure commences, hoses are used to transfer liquid additives
from storage containers to a truck-mounted blending unit. The flat-bed trucks that deliver liquid
totes to the site may be equipped with their own pumping systems for transferring the liquid

additive to the blending unit when fracturing operations are in progress. Flat-beds that do not

DRAFT SGEIS 9/30/2009, Page 5-69



have their own pumps rely on pumps attached to the blending unit. Additives delivered in tank
trucks are pumped to the blending unit or the well directly from the tank truck. Dry additives are
poured by hand into a feeder system on the blending unit. The blended fracturing solution is not
stored, but is immediately mixed with proppant and pumped into the cased and cemented
wellbore. This process is conducted and monitored by qualified personnel, and devices such as
manual valves provide additional controls when liquids are transferred. Common observed
practices during visits to drill sites in the northern tier of Pennsylvania included lined

containments and protective barriers where chemicals were stored and blending took place.”’

5.6.1 Summary of Additive Container Types

The most common containers are 220-gallon to 375-gallon high-density polyethylene (HDPE)
totes, which are generally cube-shaped and encased in a metal cage. These totes have a bottom
release port to transfer the chemicals, which is closed and capped during transport, and a top fill
port with a screw-on cap and temporary lock mechanism. Photo 5.18 depicts a transport truck

with totes.

37 Alpha Environmental Consultants, Inc., 2009. Technical Contributions to the Draft Supplemental Generic Environmental
Impact Satement (dSGEIS) for the NYSDEC QOil, Gas and Solution Mining Regulatory Program.
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Photo 5.18 - Transport trucks with totes

To summarize, the storage containers at any given site during the short period of time between
delivery and completion of continuous fracturing operations will consist of all or some of the

following:

e Plastic totes encased in metal cages, ranging in volume from 220 gallons to 375 gallons,
which are strapped on to flat bed trucks pursuant to USDOT and NYSDOT regulations

e Tank trucks (see Photo 5.19)

e Palletized 50-55 gallon bags, made of coated paper or plastic (40 bags per pallet, shrink-
wrapped as a unit and then wrapped again in plastic)

e One-gallon jugs with perforated sealed twist lids stored in side boxes on the flat-bed

e Smaller double-bag systems stored in side boxes on the blending unit
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5.6.2 NYSDEC Programs for Bulk Storage*®

The Department regulates bulk storage of petroleum and hazardous chemicals under 6 NYCRR
Parts 612-614 for Petroleum Bulk Storage (PBS) and Parts 595-597 for Chemical Bulk Storage
(CBS). The PBS regulations do not apply to non-stationary tanks; however, all petroleum spills,
leaks, and discharges must be reported to the Department (613.8).

Photo 5.19 - Transport trucks for water (above) and hydraulic fracturing
acid (HCI) (below)

The CBS regulations that potentially may apply to fracturing fluids include non-stationary tanks,
barrels, drums or other vessels that store 1000-Kg or greater for a period of 90 consecutive days.
Liquid fracturing chemicals are stored in non-stationary containers but most likely will not be

stored on-site for 90 consecutive days; therefore, those chemicals are exempt from Part 596,

3% Alpha, 2009.
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“Registration of Hazardous Substance Bulk Storage Tanks” unless the storage period criteria is
exceeded. These liquids typically are trucked to the drill site in volumes required for
consumptive use and only days before the fracturing process. Dry chemical additives, even if
stored on site for 90 days, would be exempt from 6 NYCRR because the dry materials are stored

in 55-1b bags secured on plastic-wrapped pallets.

The facility must maintain inventory records for all applicable non-stationary tanks including
those that do not exceed the 90-day storage threshold. The CBS spill regulations and reporting
requirements also apply regardless of the storage thresholds or exemptions. Any spill of a
“reportable quantity” listed in Part 597.2(b), must be reported within 2 hours unless the spill is
contained by secondary containment within 24 hours and the volume is completely recovered.
Spills of any volume must be reported within two (2) hours if the release could cause a fire,
explosion, contravention of air or water quality standards, illness, or injury. Forty-two of the

chemicals listed in Table 5.6 are listed in Part 597.2(b).

5.7  Source Water for High-Volume Hydraulic Fracturing

As described below, it is estimated that 2.4 million to 7.8 million gallons of water may be used
for a multi-stage hydraulic fracturing procedure in a 4,000-foot lateral wellbore. Operators may
withdraw water from surface or ground water sources themselves or may purchase it from
suppliers. The suppliers may be municipalities with excess capacity in their public supply
systems, or industrial entities with wastewater effluent streams that meet usability criteria for
hydraulic fracturing. Potential environmental impacts of water sourcing are discussed in Chapter
6, and mitigation measures including jurisdictional regulatory programs and potential alternate
water sources are discussed in Chapter 7. Photos 5.20 a, b & ¢ depict a water withdrawal facility

along the Chemung River in the northern tier of Pennsylvania.
Factors affecting usability of a given source include:™

Availability — The “owner” of the source needs to be identified, contact made, and agreements

negotiated.

39 URS Corporation, 2009. A Survey of a Few Water Resources Issues Associated with Gas Production in the Marcellus Shale.
Water Consulting Services in Support of the Supplemental Generic Environmental Impact Statement for Natural Gas
Production, NYSERDA Contract PO Number 10666.
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Distance/route from the source to the point of use — The costs of trucking large quantities of
water increases and water supply efficiency decreases when longer distances and travel times are
involved. Also, the selected routes need to consider roadway wear, bridge weight limits, local

zoning limits, impacts on residents, and related traffic concerns.

Available quantity — Use of fewer, larger water sources avoids the need to utilize multiple

smaller sources.

Reliability — A source that is less prone to supply fluctuations or periods of unavailability would

be more highly valued than an intermittent and less steady source.

Accessibility —Water from deep mines and saline aquifers may be more difficult to access than a
surface water source unless adequate infrastructure is in place. Access to a municipal or
industrial plant or reservoir may be inconvenient due to security or other concerns. Access to a

stream may be difficult due to terrain, competing land uses, or other issues.

Quality of water — The fracturing fluid serves a very specific purpose at different stages of the
fracturing process. The composition of the water could affect the efficacy of the additives and
equipment used. The water may require pre-treatment or additional additives may be needed to

overcome problematic characteristics.

Potential concerns with water quality include scaling from precipitation of barium sulfate and
calcium sulfate; high concentrations of chlorides, which could increase the need for friction
reducers; very high or low pH (e.g. water from mines); high concentrations of iron (water from
quarries or mines) which could potentially plug fractures; microbes that can accelerate corrosion,
scaling or other gas production; and high concentrations of sulfur (e.g. water from flu gas
desulfurization impoundments), which could contaminate natural gas. In addition, water sources

of variable quality could present difficulties.

Permittability — Applicable permits and approvals would need to be identified and assessed as to
feasibility and schedule for obtaining approvals, conditions and limitations on approval that

could impact the activity or require mitigation, and initial and ongoing fees and charges.
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Preliminary discussions with regulating authorities would be prudent to identify fatal flaws or

obstacles.

Disposal — Proper disposal of flowback from hydraulic fracturing will be necessary, or
appropriate treatment for re-use provided. Utilizing an alternate source with sub-standard quality

water could add to treatment and disposal costs.

Cost — Sources that have a higher associated cost to acquire, treat, transport, permit, access or

dispose, typically will be less desirable.

5.7.1 Delivery of Source Water to the Well Pad

Water may be delivered by truck or pipeline directly from the source to the well pad, or may be
delivered by trucks or pipeline from centralized water storage or staging facilities consisting of
tanks or engineered impoundments. Photo 5.21 shows a fresh water pipeline in Bradford

County, Pennsylvania, to move fresh water from an impoundment to a well pad.

At the well pad, water is typically stored in 500-barrel steel tanks.

Potential environmental impacts related to water transportation, including the number and
duration of truck trips for moving both fluid and temporary storage tanks, are addressed in

Chapter 6. Mitigation measures are described in Chapter 7.

5.7.2 Use of Centralized Impoundments for Fresh Water Storage

Operators have indicated that centralized water storage impoundments will likely be utilized as
part of a water management plan. Such facilities would allow the operators to withdraw water
from surface water bodies during periods of high flow and store the water for use in future
hydraulic fracturing activities, thus avoiding or reducing the need to withdraw water during
lower flow periods when the potential for negative impacts to aquatic environments and

municipal drinking water suppliers is greater.

The proposed engineered impoundments would likely be constructed from compacted earth

excavated from the impoundment site and then compressed to form embankments around the
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excavated area. Typically, such impoundments would then be lined to minimize the loss of water

due to infiltration.

It is likely that an impoundment would service well pads within a radius of up to four miles, and
that impoundment volume could be several million gallons with surface acreage of up to five
acres. The siting and sizing of such impoundments would be affected by factors such as terrain,
environmental conditions, natural barriers, and population density, as well as by the operators’
lease positions. It is not anticipated that a single centralized impoundment would service wells

from more than one well operator.

Photo 5.23 depicts a centralized freshwater impoundment and its construction.

5.7.2.1 Impoundment Regulation

Water stored within an impoundment represents potential energy which, if released, could cause
personal injury, property damage and natural resource damage. In order for an impoundment to
safely fulfill its intended function, the impoundment must be properly designed, constructed,

operated and maintained.

As defined by Section 3 Title 5 of Article 15 of the Environmental Conservation Law (ECL), a
dam is any artificial barrier, including any earthen barrier or other structure, together with its
appurtenant works, which impounds or will impound waters. As such, any engineered
impoundment designed to store water for use in hydraulic fracturing operations is considered to
be a dam and is therefore subject to regulation in accordance with the ECL, NYSDEC’s Dam

Safety Regulations and the associated Protection of Waters permitting program.
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Photos 5.20 a & b Fortuna SRBC-approved Chemung
~ River water withdrawal facility, Towanda PA. Source:

Photo 5.20 ¢ Fresh water supply pond. Black pipe in pond is a float to keep suction away from pond bottom liner.
Ponds are completely enclosed by wire fence. Source: NYS DEC 2009.

Photo 5.21 Water pipeline from Fortuna central freshwater impoundments, Troy PA. Source: NYS DEC 2009.
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Photo 5.23 Construction of freshwater impoundment in Upshur Co. WV. Source: Chesapeake Energy
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Statutory Authority
Chapter 364, Laws of 1999 amended ECL Sections 15-0503, 15-0507 and 15-0511 to revise the
applicability criteria for the dam permit requirement and provide the Department the authority to
regulate dam operation and maintenance for safety purposes. Additionally the amendments

established the dam owners’ responsibility to operate and maintain dams in a safe condition.

Although the revised permit criteria, which are discussed below, became effective in 1999,
implementing the regulation of dam operation and maintenance for all dams (regardless of the
applicability of the permit requirement) necessitated the promulgation of regulations. As such,
the Department issued proposed dam safety regulations in February 2008, followed by revised
draft regulations in May 2009 and adopted the amended regulations in August 2009.These
adopted regulations contain amendments to Part 673 and to portions of Parts 608 and 621 of Title
6 of the Official Compilation of Codes, Rules and Regulations of the State of New York.*

Permit Applicability
In accordance with ECL §15-0503 (1)(a), a Protection of Waters Permit is required for the
construction, reconstruction, repair, breach or removal of an impoundment provided the
impoundment has:
(1) a height equal to or greater than fifteen feet*', or

(2) a maximum impoundment capacity equal to or greater than three million gallons*?.

If, however, either of the following exemption criteria apply, no permit is required:

(1) a height equal to or less than six feet regardless of the structure’s impoundment
capacity, or

(2) an impoundment capacity not exceeding one million gallons regardless of the
structure’s height

4 N'YSDEC Notice of Adoption of Amendments to Dam Safety Regulations

# Maximum height is measured as the height from the downstream [outside] toe of the dam at its lowest point to the highest
point at the top of the dam.

2 Maximum impounding capacity is measured as the volume of water impounded when the water level is at the top of the dam.
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Figure 5.4 depicts the aforementioned permitting criteria and demonstrates that a permit is
required for any impoundment whose height and storage capacity plot above or to the right of the
solid line, while those impoundments whose height and storage capacity plot below or to the left

of the solid line, do not require a permit.

Figure 5-4- Protection of Waters — Dam Safety Permitting Criteria
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Protection of Waters - Dam Safety Permitting Process
If a proposed impoundment meets or exceeds the permitting thresholds discussed above, the well
operator proposing use of the impoundment is required to apply for a Protection of Waters

Permit though the Department’s Division of Environmental Permits.

A pre-application conference is recommended and encouraged for permit applicants, especially

those who are first-time applicants. Such a conference allows the applicant to explain the
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proposed project and to get preliminary answers to any questions concerning project plans,
application procedures, standards for permit issuance and information on any other applicable
permits pertaining to the proposed impoundment. It is also recommended that this conference
occur early in the planning phase, prior to detailed design and engineering work, so that
Department staff can review the proposal and comment on its conformance with permit issuance

standards, which may help to avoid delays later in the process.

Application forms, along with detailed application instructions are available on the Department’s
website* and from the Regional Permit Administrator* for the county where the impoundment
project is proposed. A complete application package®® must include the following items:

e A completed Joint Application for Permit

e A completed Application Supplement D-1, which is specific to the construction,
reconstruction or repair of a dam or other impoundment structure

e A location map showing the precise location of the project
e A plan of the proposed project

e Hydrological, hydraulic, and soils information, as required on the application form
prescribed by the Department

¢ An Engineering Design Report sufficiently detailed for Department evaluation of the
safety aspects of the proposed impoundment that shall include:

O A narrative description of the proposed project;

0 The proposed Hazard Classification of the impoundment as a result of the
proposed activities or project;

0 A hydrologic investigation of the watershed and an assessment of the hydraulic
adequacy of the impoundment;

> Downloadable permit application forms are available at Hhttp://www.dec.ny.gov/permits/6338.htmIH.

4 Contact information for the Department’s Regional Permit Administrators is available on the Department’s website at
Hhttp://www.dec.ny.gov/about/558.htmIH.

3 Further details regarding the permit application requirement are available on the instructions which accompany the Supplement
D-1 application form which is available at Hhttp://www.dec.ny.gov/docs/permits_ej operations_pdf/spplmntd1.pdfH.

DRAFT SGEIS 9/30/2009, Page 5-81



O An evaluation of the foundation and surrounding conditions, and materials
involved in the structure of the dam, in sufficient detail to accurately define the
design of the dam and assess its safety, including its structural stability;

0 Structural and hydraulic design studies, calculation and procedures, which shall,
at a minimum, be consistent with generally accepted sound engineering practice
in the field of dam design and safety; and

O A description of any proposed permanent instrument installations in the
impoundment

e Construction plans and specifications that are sufficiently detailed for Department
evaluation of the safety aspects of the dam

Additionally the following information may also be required as part of the permit application:

e Recent clear photographs of the project site mounted on a separate sheet labeled with the
view shown and the date of the photographs.

¢ Information necessary to satisfy the requirements of the State Environmental Quality
Review Act (SEQR), including: a completed Environmental Assessment Form (EAF)
and, in certain cases, a Draft Environmental Impact Statement (DEIS)

e Information necessary to satisfy the requirements of the State Historic Preservation Act
(SHPA) including a completed structural and archaeological assessment form and, in
certain cases, an archaeological study as described by SHPA

e Written permission from the landowner for the filing of the project application and
undertaking of the proposed activity.

e Other information which Department staff may determine is necessary to adequately
review and evaluate the application.
In order to ensure that an impoundment is properly designed and constructed, the design,
preparation of plans, estimates and specifications, and the supervision of the erection,
reconstruction, or repair of an impoundment must be conducted by a licensed professional
engineer. This individual should utilize the Department’s technical guidance document

29546

“Guidelines for Design of Dams”™, which conveys sound engineering practices and outlines

4 «Guidelines for Design of Dams” is available on the Department’s website at
http://www.dec.ny.gov/docs/water pdf/damguideli.pdf or upon request from the DEC Regional Permit Administrator.

DRAFT SGEIS 9/30/2009, Page 5-82



hydrologic and other criteria that should be utilized in designing and constructing an engineered

impoundment.

All application materials should be submitted to the appropriate Regional Permit Administrator
for the county in which the project is proposed. Once the application is declared complete, the
Department will review the applications, plans and other supporting information submitted and,
in accordance with 6 NYCRR §608.7, may (1) grant the permit; (2) grant the permit with
conditions as necessary to protect the health, safety, or welfare of the people of the state, and its

natural resources; or (3) deny the permit.

The Department’s review will determine whether the proposed impoundment is consistent with

the standards contained within 6 NYCRR §608.8, considering such issues as:

(1) the environmental impacts of the proposal, including effects on aquatic, wetland and
terrestrial habitats; unique and significant habitats; rare, threatened and endangered
species habitats; water quality®’; hydrology™; water course and waterbody integrity;

(2) the adequacy of design and construction techniques for the structure;

(3) operation and maintenance characteristics;

(4) the safe commercial and recreational use of water resources;

(5) the water dependent nature of a use;

(6) the safeguarding of life and property; and

(7) natural resource management objectives and values.

Additionally, the Department’s review of the proposed impoundment will include the assignment
of a Hazard Classification in accordance with 6 NYCRR§673.5. Hazard Classifications are
assigned to dams and impoundments according to the potential impacts of a dam failure, the
particular physical characteristics of the impoundment and its location, and may be irrespective
of the size of the impoundment, as appropriate. The 4 potential Hazard Classifications, as

defined by subdivision (b) of Section 673.5, are as follows:

47 Water Quality may include criteria such as temperature, dissolved oxygen, and suspended solids.

8 Hydrology may include such criteria as water velocity, depth, discharge volume, and flooding potential
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e C(lass “A” or “Low Hazard”: A failure is unlikely to result in damage to anything
more than isolated or unoccupied buildings, undeveloped lands, minor roads such as
town or country roads; is unlikely to result in the interruption of important utilities,
including water supply, sewage treatment, fuel, power, cable or telephone
infrastructure; and/or is otherwise unlikely to pose the threat of personal injury,
substantial economic loss or substantial environmental damage.

e (lass “B” or “Intermediate Hazard”: A failure may result in damage to isolate homes,
main highways, and minor railroads; may result in the interruption of important
utilities, including water supply, sewage treatment, fuel, power, cable or telephone
infrastructure; and/or is otherwise likely to pose the threat of personal injury and/or
substantial economic loss or substantial environmental damage. Loss of human life is
not expected.

e C(lass “C” or “High Hazard”: A failure may result in widespread or serious damage to
home(s); damage to main highways, industrial or commercial buildings, railroads,
and/or important utilities, including water supply, sewage treatment, fuel, power,
cable or telephone infrastructure; or substantial environmental damage; such that the
loss of human life or widespread substantial economic loss is likely.

e (lass “D” or “Negligible or No Hazard”: A dam or impoundment that has been
breached or removed, or has failed or otherwise no longer materially impounds
waters, or a dam that was planned but never constructed. Class “D” dams are
considered to be defunct dams posing negligible or no hazard. The Department may
retain pertinent records regarding such dams.

The basis for the issuance of a permit will be a determination that the proposal is in the public
interest in that the proposal is reasonable and necessary, will not endanger the health, safety or

welfare of the people of the State of New York, and will not cause unreasonable, uncontrolled or

unnecessary damage to the natural resources of the state.

Timing of Permit Issuance
Application submission, time frames and processing procedures for the Protection of Waters
Permit are all governed by the provisions of Article 70 of the ECL — the Uniform Procedures Act
(UPA) — and its implementing regulations, 6 NYCRR § 621. In accordance with subdivision
(a)(2)(ii1) of Section 621 as recently amended, only repairs of existing dams inventoried by the
Department are considered minor projects under the UPA and therefore the construction,
reconstruction or removal of an impoundment is considered to be a major project and is thus

subject to the associated UPA timeframes.
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Failure to obtain the required permit before commencing work subjects the well operator and any
contractors engaged in the work to DEC enforcement action which may include civil or criminal
court action, fines, an order to remove structures or materials or perform other remedial action,

or both a fine and an order.

Operation and Maintenance of Any Impoundment
The Department’s document ““An Owners Guidance Manual for the Inspection and Maintenance
of Dams in New York State” should be utilized by all impoundment owners, as it provides
important, direct and indirect steps they can take to reduce the consequences of an impoundment

failure.

The Dam Safety Regulations, as set forth in 6 NYCRR § 673 and amended August 2009, apply
to any owner of any impoundment, regardless of whether the impoundment meets the permit
applicability criteria previously discussed (unless otherwise specified). In accordance with the
general provisions of Section 673.3, any owner of an impoundment must operate and maintain
the impoundment and all appurtenant works in a safe condition. The owner of any impoundment
found to be in violation of this requirement is subject to the provisions of ECL 15-0507 and 15-

0511.

In order to ensure the safe operation and maintenance of an impoundment, a written Inspection
and Maintenance Plan is required under 6 NYCRR §673.6 for any impoundment that (1) requires
a Protection of Waters Permit due to its height and storage capacity as previously discussed, (2)
has been assigned a Hazard Classification of Class “B” or “C”, or (3) impounds waters which
pose a threat of personal injury, substantial property damage or substantial natural resources
damage in the event of a failure, as determined by the Department. Such a plan shall be retained
by the impoundment owner and updated as necessary, must be made available to the Department

upon request, and must include:

e detailed descriptions of all procedures governing: the operation, monitoring, and
inspection of the dam, including those governing the reading of instruments and the
recording of instrument readings; the maintenance of the dam; and the preparation
and circulation of notifications of deficiencies and potential deficiencies;

e aschedule for monitoring, inspections, and maintenance; and

DRAFT SGEIS 9/30/2009, Page 5-85



e any other elements as determined by the Department based on its consideration of
public safety and the specific characteristics of the dam and its location
Additionally, the owner of any impoundment assigned a Hazard Classification of Class “B” or
“C” must, in accordance with 6 NYCRRR §673, prepare an Emergency Action Plan and annual
updates thereof , provide a signed Annual Certification to the Department’s Dam Safety Section,
conduct and report on Safety Inspections on a regular basis, and provide regular Engineering
Assessments. Furthermore, all impoundment structures are subject to the Recordkeeping and

Response to Request for Records provision of 6 NYCRR.

All impoundment structures, regardless of assigned Hazard Classification or permitting
requirements, are subject to field inspections by the Department at its discretion and without
prior notice. During such an inspection, the Department may document existing conditions
through the use of photographs or videos without limitation. Based on the Field Inspection, the
Department may create a Field Inspection Report and, if such a report is created for an
impoundment with a Class “B” or “C” Hazard Classification, the Department will provide a copy
of the report to the chief executive officer of the municipality or municipalities in which the

impoundment is located.

To further ensure the safe operation and maintenance of all impoundments, 6 NYCRR §673.17
allows the Department to direct an impoundment owner to conduct studies, investigations and
analyses necessary to evaluate the safety of the impoundment, or to remove, reconstruct or repair

the impoundment within a reasonable time and in a manner specified by the Department.

5.8  Hydraulic Fracturing Design

Service companies design hydraulic fracturing procedures based on the rock properties of the
prospective hydrocarbon reservoir. For any given area and formation, hydraulic fracturing
design is an iterative process, i.e., it is continually improved and refined as development
progresses and more data is collected. In a new area, it may begin with computer modeling to
simulate various fracturing designs and their effect on the height, length and orientation of the

induced fractures.* After the procedure is actually performed, the data gathered can be used to

* GWPC, 2009a. Modern Shale Gas Development in the United States: A Primer. p. 57.
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optimize future treatments.” Data to define the extent and orientation of fracturing may be
gathered during fracture treatments by use of microseismic fracture mapping, tilt measurements,
tracers, or proppant tagging.”'>* ICF International, under contract to NYSERDA to provide
research assistance for this document, notes that fracture monitoring by these methods is not
regularly used because of cost, but is commonly reserved for evaluating new techniques,
determining the effectiveness of fracturing in newly developed areas, or calibrating hydraulic
fracturing models.> Comparison of production pressure and flow-rate analysis to pre-fracture
modeling is a more common method for evaluating the results of a hydraulic fracturing

4
procedure.’

The objective in any hydraulic fracturing procedure is to limit fractures to the target formation.
Excessive fracturing is undesirable from a cost standpoint because of the expense associated with
unnecessary use of time and materials.”> Economics would dictate limiting the use of water,
additives and proppants, as well as the need for fluid storage and handling equipment, to what is
needed to treat the target formation.”® In addition, if adjacent rock formations contain water,
then fracturing into them would bring water into the reservoir formation and the well. This could
result in added costs to handle produced water, or could result in loss of economic hydrocarbon

production from the well.”’

5.8.1 Fracture Development
ICF reviewed how hydraulic fracturing is affected by the rock’s natural compressive stresses.’®
The dimensions of a solid material are controlled by major, intermediate and minor principal

stresses within the material. In rock layers in their natural setting, these stresses are vertical and

% Ibid.

3! Ibid.

52 ICF, 2009., pp. 5-6.
53 Ibid., p. 6.

5% Ibid., pp. 6-8.

55 GWPC, 2009a., p. 58.

¢ ICF International, 2009. Technical Assistance for the Draft Supplemental Generic IES: Oil, Gas and Solution Mining
Regulatory Program. NYSERDA Agreement No. 9679., p. 14.

3T GWPC, 2009a.. p. 58.
S8 ICF, 2009., pp. 14-15.
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horizontal. Vertical stress increases with the thickness of overlying rock and exerts pressure on a
rock formation to compress it vertically and expand it laterally. However, because rock layers
are near infinite in horizontal extent relative to their thickness, lateral expansion is constrained

by the pressure of the horizontally adjacent rock mass.>

Rock stresses may decrease over geologic time as a result of erosion acting to decrease vertical
rock thickness. Horizontal stress decreases more slowly than vertical stress, so rock layers that

are closer to the surface have a higher ratio of horizontal stress to vertical stress.®

Fractures form perpendicular to the direction of least stress. If the minor principal stress is
horizontal, fractures will be vertical. The vertical fractures would then propagate horizontally in

the direction of the major and intermediate principal stresses.®'

ICF notes that the initial stress field created during deposition and uniform erosion may become
more complex as a result of geologic processes such as non-uniform erosion, folding and uplift.
These processes result in topographic features that create differential stresses, which tend to die
out at depths approximating the scale of the topographic features.”> ICF — citing PTTC, 2006 —
concludes that: “In the Appalachian Basin, the stress state would be expected to lead to
predominantly vertical fractures below about 2500 feet, with a tendency towards horizontal

fractures at shallower depths.”®

5.8.2 Methods for Limiting Fracture Growth
ICF reports that, despite ongoing laboratory and field experimentation, the mechanisms that limit

vertical fracture growth are not completely understood.** Pre-treatment modeling, as discussed

% Ibid.
% Ibid.
! Ibid.
82 Ibid.
5 Ibid.
 Ibid., p. 16
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above, is one tool for designing fracture treatments based on projected fracture behavior. Other

control techniques identified by ICF include:®

e Use of a friction reducer, which helps to limit fracture height by reducing pumping loss
within fractures, thereby maintaining higher fluid pressure at the fracture tip;

e Measuring fracture growth in real time by microseismic analysis, allowing the fracturing
process to be stopped upon achieving the desired fracturing extent; and

e Reducing the length of wellbore fractured in each stage of the procedure, thereby
focusing the applied pressure and proppant placement, and allowing for modifications to
the procedure in subsequent stages based on monitoring the results of each stage.

5.8.3 Hydraulic Fracturing Design — Summary

ICF provided the following summary of the current state of hydraulic fracturing design to

contain induced fractures in the target formation:

Hydraulic fracturing analysis, design, and field practices have advanced
dramatically in the last quarter century. Materials and techniques are constantly
evolving to increase the efficiency of the fracturing process and increase reservoir
production. Analytical techniques to predict fracture development, although still
imperfect, provide better estimates of the fracturing results. Perhaps most
significantly, fracture monitoring techniques are now available that provide
confirmation of the extent of fracturing, allowing refinement of the procedures for
subsequent stimulation activities to confine the fractures to the desired production

zone. 66

Photo 5.23 shows personnel monitoring a hydraulic fracturing procedure.

5 Ibid., p.17
% Ibid., p. 19
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Photo 5.23 Personnel monitoring a hydraulic fracturing procedure. Source:
Fortuna Energy.

5.9  Hydraulic Fracturing Procedure

The fracturing procedure involves the controlled use of water and chemical additives, pumped
under pressure into the cased and cemented wellbore. Composition, purpose, transportation,
storage and handling of additives are addressed in previous sections of this document. Water and
fluid management, including source, transportation, storage and disposition, are also discussed
elsewhere in this document. Potential impacts, mitigation measures and the permit process are
addressed in Chapters 6, 7 and 8. The discussion in this section describes only the specific
physical procedure of high-volume hydraulic fracturing. Except where other references are
specifically noted, operational details are derived from permit applications on file with the
Department’s Division of Mineral Resources and responses to the Department’s information
requests provided by several operators and service companies about their planned operations in

New York.

Hydraulic fracturing occurs after the well is cased and cemented to protect fresh water zones and

isolate the target hydrocarbon-bearing zone, and after the drilling rig and its associated
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equipment are removed. There will be at least two strings of cemented casing in the well during
fracturing operations. The outer string (i.e., surface casing) extends below fresh ground water
and would have been cemented to the surface before the well was drilled deeper. The inner
string (i.e., production casing) typically extends from the ground surface to the toe of the
horizontal well. Depending on the depth of the well and local geological conditions, there may
be one or more intermediate casing strings between the surface and production strings. The inner
production casing is the only casing string that will experience the high pressures associated with
the fracturing treatment.®” Anticipated Marcellus Shale fracturing pressures range from 5,000
pounds per square inch to 10,000 pounds per square inch, so production casing with a greater

internal yield pressure than the anticipated fracturing pressure must be installed.

Before perforating the casing and pumping fracturing fluid into the well, the operator pumps
fresh water or drilling mud to test the production casing. Test pumping is performed to at least
the maximum anticipated treatment pressure, which is maintained for a period of time while the
operator monitors pressure gauges. The purpose of this test is to verify, prior to pumping
fracturing fluid, that the casing will successfully hold pressure and contain the treatment. Test
pressure may exceed the maximum anticipated treatment pressure, but must remain below the

casing’s internal yield pressure.

The last step prior to fracturing is installation of a wellhead (referred to as a “frac tree”) that is
designed and pressure-rated specifically for the fracturing operation. Photo 5.24 depicts a frac
tree that is pressure-rated for 10,000 pounds per square inch. Flowback equipment, including
pipes, manifolds, a gas-water separator and tanks are connected to the frac tree and the system is

pressure tested again.

87 For more details on wellbore casing and cement: see Appendix 8 for current casing and cementing practices required for all
wells in New York, Appendix 9 for additional permit conditions for wells drilled within the mapped areas of primary and
principal aquifers, and Chapter 7 and Appendix 10 for proposed new permit conditions to address high-volume hydraulic
fracturing.
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Photo 5.24 - Three Fortuna Energy wells being prepared for hydraulic
fracturing, with 10,000 psi well head and goat head attached to lines. Troy
PA. Source: NYS DEC 2009

The hydraulic fracturing process itself is conducted in stages by successively isolating,
perforating and fracturing portions of the horizontal wellbore starting with the far end, or toe.
Reasons for conducting the operation in stages are to maintain sufficient pressure to fracture the
entire length of the wellbore,”® to achieve better control of fracture placement and to allow
changes from stage to stage to accommodate varying geological conditions along the wellbore if
necessary.” The length of wellbore treated in each stage will vary based on site-specific
geology and the characteristics of the well itself, but may typically be 300 to 500 feet. In that
case, the multi-stage fracturing operation for a 4,000 foot lateral would consist of eight to 13
fracturing stages. Each stage may require 300,000 to 600,000 gallons of water, so that the entire

multi-stage fracturing operation for a single well would require 2.4 million to 7.8 million gallons

%8 GPWC, 2009a. Modern Shale Gas Development in the United States: A Primer., p. 58
% Ibid.
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of water.”” More or less water may be used depending on local conditions, evolution in
fracturing technology, or other factors which influence the operator’s and service company’s

decisions.

The entire multi-stage fracturing operation for a single horizontal well typically takes two to five
days, but may take longer for longer lateral wellbores, for many-stage jobs or if unexpected
delays occur. Not all of this time is spent actually pumping fluid under pressure, as intervals are
required between stages for preparing the hole and equipment for the next stage. Pumping rate
may be as high as 1,260 to 3,000 gallons per minute.”""”* At these rates, all the stages in the
largest volume fracturing job described in the previous paragraph would require between

approximately 40 and 100 hours of pumping.

The time spent pumping is the only time, except for when the well is shut-in, that wellbore
pressure exceeds pressure in the surrounding rocks. Therefore, the hours spent pumping is the
only time that fluid in fractures and in the rocks surrounding the fractures would move away
from the wellbore instead of towards it. ICF International, under contract to NYSERDA,
estimated the maximum rate of seepage in strata lying above the target Marcellus zone. Under
most conditions evaluated by ICF, the seepage rate would be substantially less than 10 feet per
day, or 5 inches per hour of pumping time. "> More information about ICF’s analysis is provided

below in Section 5.11 and in Appendix 11.

Within each fracturing stage is a series of sub-stages, or steps.’* "> The first step is typically an
acid treatment, which may also involve corrosion inhibitors and iron controls. Acid cleans the

near-wellbore area accessed through the perforated casing and cement, while the other additives

" Applications on file with the Department propose volumes on the lower end of this range. The higher end of the range is based
on GWPC (2009a), pp. 58-59, where an example of a single-stage Marcellus frac treatment using 578,000 gallons of fluid is
presented. Stage lengths used in the above calculation (300 — 500 feet) were provided by Fortuna Energy and Chesapeake
Energy in presentations to Department staff during field tours of operations in the northern tier of Pennsylvania.

" ICF International, 2009, p-3
2 GPWC, 2009a. Modern Shale Gas Development in the United States: A Primer., p. 59
3 [CF International, 2009, pp. 27-28

" URS Corporation, 2009. A Survey of a Few Water Resources Issues Associated With Gas Production in the Marcellus Shale.,
p.2-12

> GWPC, 2009a. Modern Shale Gas Development in the United States: A Primer, pp. 58-60.
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that may be used in this phase reduce rust formation and prevent precipitation of metal oxides
that could plug the shale. The acid treatment is followed by the “slickwater pad,” comprised
primarily of water and a friction-reducing agent which helps optimize the pumping rate.
Fractures form during this stage when the fluid pressure exceeds the minimum normal stress in
the rock mass plus whatever minimal tensile stress exists.”® The fractures are filled with fluid,
and as the fracture width grows, more fluid must be pumped at the same or greater pressure to
maintain and propagate the fractures.”’ As proppant is added, other additives such as a gelling
agent and crosslinker may be used to increase viscosity and improve the fluid’s capacity to carry
proppant. Fine-grained proppant is added first, and carried deepest into the newly induced
fractures, followed by coarser-grained proppant. Breakers may be used to reduce the fluid
viscosity and help release the proppant into the fractures. Biocides may also be added to inhibit
the growth of bacteria that could interfere with the process and produce hydrogen sulfide. Clay
stabilizers may be used to prevent swelling and migration of formation clays. The final step is a

freshwater flush to clean out the wellbore and equipment.

Photos 5.25 — 5.26 depict wellsites during hydraulic fracturing operations, labeled to identify the

equipment that is present onsite.

" ICF, 2009. p. 16
7 Tbid.

DRAFT SGEIS 9/30/2009, Page 5-94



DRAFT SGEIS 9/30/2009, Page 5-95A



Photo 5.25 (Above) Hydraulic Fracturing Operation

These photos show a hydraulic fracturing operation at a Fortuna Energy multi-
well site in Troy PA. At the time the photos were taken, preparations for fractur-
ing were underway but fracturing had not yet occurred for any of the wells.

Hydraulic Fracturing Operation 11. Frac additive trucks
Equipment 12. Blender
13. Frac control and monitoring center
1. Well head and frac tree with ‘Goat 14. Fresh water impoundment
Head’ (See Figure 5.x for more 15. Fresh water supply pipeline

detail) 16. Extra tanks
2. Flow line (for flowback & testing)
3. Sand separator for flowback Production equipment
4. Flowback tanks
5. Line heaters 17. Line heaters
6. Flare stack 18. Separator-meter skid
7.  Pump trucks 19. Production manifold
8. Sand hogs
9. Sand trucks
10. Acid trucks

Photo 5.26 Fortuna multi-
well pad after hydraulic
fracturing of three wells

' and removal of most
hydraulic fracturing
equipment. Production
equipment for wells on
right side of photo.
Source: Fortuna Energy, Photo 5.27 Wellhead and Frac Equipment

§ July, 2009. A. Well head and frac tree (valves)

x B. Goat Head (for frac flow connections)

C. Wireline (used to convey equipment into wellbore)
D. Wireline Blow Out Preventer

E. Wireline lubricator

F. Crane to support wireline equipment

G. Additional wells

H. Flow line (for flowback & testing)
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5.10 Re-fracturing

Developers may decide to re-fracture a well to extend its economic life whenever the production
rate declines significantly below past production rates or below the estimated reservoir
potential.”® According to ICF International, fractured Barnett shale wells generally would
benefit from re-fracturing within five years of completion, but the time between fracture
stimulations can be less than one year or greater than ten years.” However, Marcellus operators
with whom the Department has discussed this question have stated their expectation that re-

fracturing will be a rare event.

It is too early in the development of shale reservoirs in New York to predict the frequency with
which re-fracturing of horizontal wells, using the slickwater method, may occur. ICF provided

some general information on the topic of re-fracturing.

Wells may be re-fractured multiple times, may be fractured along sections of the wellbore that
were not previously fractured, and may be subject to variations from the original fracturing
technique.®® The Department notes that while one stated reason to re-fracture may be to treat
sections of the wellbore that were not previously fractured, this scenario does not seem
applicable to Marcellus Shale development. Current practice in the Marcellus Shale in the
northern tier of Pennsylvania is to treat the entire lateral wellbore, in stages