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January 11, 2012

Attn: dSGEIS Comments

New York State Department of Environmental Conservation
625 Broadway

Albany, NY 12233-6510

Dear Sir or Madam:

Enclosed please find the comments of Catskill Mountainkeeper, Delaware Riverkeeper Network, Earthjustice, the Natural
Resources Defense Council and Riverkeeper on the Revised Draft Supplemental Generic Environmental Impact Statement
on the Oil, Gas and Solution Mining Regulatory Program, Well Permit Issuance for Horizontal Drilling and High-Volume
Hydraulic Fracturing to Develop the Marcellus Shale and Other Low-Permeability Reservoirs, issued September 7, 2011,
and draft regulations (Proposed Express Terms 6 NYCRR Parts 52, 190, 550-556, 560, 750.1, and 750.3), issued September

28,2011.
Sincerely,
W%\ Q\Qaq - Vo— \?-avh———
Wes Gillingham Maya van Rossum
Catskill Mountainkeeper the Delaware Riverkeeper, Delaware Riverkeeper Network
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Deborah Goldberg Kate Sinding
Earthjustice Natural Resources Defense Council

Kate Hudson
Riverkeeper



THE Louis Berger Group, Inc.

48 Wall Street, 16th Floor, New York, NY 10005

Tel 212 612 7900 Fax 212 363 4341
www.louisberger.com

Memorandum

TO: Kate Sinding, Natural Resources Defense Council
FROM: Niek Veraart, Louis Berger Group
DATE: January 11, 2012

RE: Technical Comments Summary Report: Expert Team Review of the 2011 Revised Draft
SGEIS on the Qil, Gas and Solution Mining Regulatory Program and Proposed High-Volume
Hydraulic Fracturing Regulations

1.0 Introduction

The Louis Berger Group, Inc. (LBG) is pleased to submit this comment report on the 2011 Revised
Draft Supplemental Generic Environmental Impact Statement (RDSGEIS) on the Oil, Gas and
Solution Mining Regulatory Program and Proposed High Volume Hydraulic Fracturing (HVHF)
Regulations to the Natural Resources Defense Council (NRDC) and its partner organizations,
Earthjustice, Riverkeeper, Delaware Riverkeeper Network and Catskill Mountainkeeper. This
comment report serves two primary purposes: 1) to provide general comments on the RDSGEIS and
proposed regulations that are not limited to specific disciplines, and 2) to summarize the discipline-
specific technical comments from NRDC’s expert review team. The expert review team consisted of
Harvey Consulting, LLC, Dr. Tom Myers, Dr. Glenn Miller, Dr. Ralph Seiler, Dr. Susan
Christopherson, Meliora Design LLC, LBG, Kevin Heatley, Dr. Kim Knowlton, Dr. Gina Solomon, and
Briana Mordick. The detailed technical comments from each author/organization are provided as
attachments to this summary report and referenced as appropriate throughout.” Table 1 provides a
complete list of technical comment attachments and summarizes the major topics areas addressed
in each. Resumes for the members of the expert review team are provided in Attachment 12.

2.0 General Comments

2.1 RDSGEIS Fails to Address “Other Low-Permeability Shales”

The final scope and title of the RDSGEIS included other low-permeability shales, in addition to the
Marcellus shale. The RDSGEIS makes it clear that development of other shales (including the Utica
shale) is not only possible in the future, but is considered likely as evidenced by the inclusion of
development of other shales in the Ecology & Environment. Inc. economic impact assessment.?

' All references cited and relied upon in the attached reports are hereby incorporated by reference into these
comments. Hard and/or electronic copies of all references are available upon request.

* See the 11/23/2011 email from Steven Russo (NYSDEC) to Deborah Goldberg (Earthjustice) explaining the
assumptions used in developing the scenarios for economic impact assessment include the development of
“other shales.”



Table 1

Technical Attachments to the Summary Comment Report

Attachment Number

Preparer

Topics Addressed

Harvey Consulting,
LLC

Scope of SGEIS - Marcellus Shale Only

Liquid Hydrocarbon Impacts

Water Protection Threshold

Well Casing Requirements

Permanent Wellbore Plugging &Abandonment Requirements
HVHF Design and Monitoring

Hydraulic Fracture Treatment Additive Limitations

Drilling Mud Composition and Disposal

Reserve Pit Use and Drill Cutting Disposal

HVHF Flowback Surface Impoundments at Drillsite

HVHF Flowback Centralized Surface Impoundments Off-Drillsite
Repeat HVHF Treatment Life Cycle

Air Pollution Control and Monitoring

Surface Setbacks from Sensitive Receptors

Naturally Occurring Radioactive Materials

Hydrogen Sulfide

Chemical Tank, Waste Tank and Fuel Tank Containment
Corrosion and Erosion Mitigation and Integrity Monitoring Programs
Well Control and Emergency Response Capability

Financial Assurance Amount

Seismic Data Collection

Hydrogeology and Contaminant Transport
Surface Water Hydrology

2 Tom Myers, Ph. D. Groundwater Quality Monitoring
Setbacks from aquifers and public water supply wells
Acid Rock Drainage
Toxicology
Hydraulic Fracturing Additives

3 Glenn Miller, Ph.D. Naturally Occurring Radioactive Materials
Contaminants in Flowback water and produced brines
Wastewater Treatment issues

. Radon in Marcellus Shale Natural Gas
4 Ralph Seiler, Ph.D. Naturally Occurring Radioactive Materials
5 Susan Socioeconomic Impacts
Christopherson, Ph.D. | Pace and timing of natural gas development

Water Quality

6 Meliora Design, LLC gtormwater

rosion
SPDES General Permit
Noise and Vibration
Visual impacts
. Land use
7 'Cl';r:guLOlf:]sCBerger Transportation
p. Inc. Community character
Cultural resources
Aquatic Ecology
3 Kevin Heatley, -

8 M.EPC LEED AP Ecosystems and Wildlife

9 Kim Knowlton, DrPH Climate Change and Public Health

10 Slr;)aHSolomon, M.D., Health Impact Assessment

11 Briana Mordick Induced Seismicity

3 Report prepared for and provided courtesy of the Delaware Riverkeeper Network.
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The RDSGEIS adds some additional baseline geologic information on the Utica shale, but the
environmental impacts specific to the Utica shale have not been addressed. For example, the Utica
shale is almost twice as deep as the Marcellus shale, which means wells in the Utica shale will take
longer to drill, would create more noise, would require more water, and would generate more waste
and truck trips than wells in the Marcellus shale.

In addition to the incomplete study of deeper depth low permeability gas reservoirs, gas reservoirs at
shallower depths than the Marcellus shale were not studied at all in the RDSGEIS. These shallower
low-permeability shales pose development risks greater than those associated with the Marcellus
shale because they are closer to protected water resources. Furthermore, the combined and/or
concurrent exploitation of low-permeability shales at multiple depths may result in cumulative
impacts not addressed in the RDSGEIS. The absence of the impact analyses of exploitation of
shales at depths other than the Marcellus shale renders the RDSGEIS incomplete. NYSDEC should
either evaluate additional information and analysis on the impacts of exploring and developing the
Utica Shale and other unnamed low-permeability gas reservoirs, or acknowledge that there is
insufficient information and analysis to study the impacts of this development. In the latter case, the
RDSGEIS should conclude that its examination of impacts and mitigation measures is limited to the
Marcellus Shale Gas Reservoir, and therefore any Utica Shale or other unnamed low-permeability
gas reservoir development will warrant a site-specific supplemental environmental impact statement
review or should be covered under another, future SGEIS process.

For additional detailed information supporting this comment, refer to Chapter 2 of the 2011 Harvey
Consulting, LLC report (Attachment 1).

2.2 RDSGEIS and Regulations Fail to Protect the Environment from
Non-HVHF Gas Development

While significant gaps remain as identified throughout these comments, the proposed regulatory
framework for HVHF includes a number of improvements to NYSDEC’s existing regulations to
protect the environment from natural gas development. However, most of these improvements apply
only to wells meeting the threshold to be classified as HVHF (defined as hydraulic fracturing using
greater than 300,000 gallons of water). NYSDEC is using a patchwork approach to regulating
HVHF by adding new requirements on top of outdated requirements. A broader reform of the oil and
gas development regulations is needed to address deficiencies in the existing regulations. This will
ensure that best practice approaches are required for all natural gas wells in New York, including
conventional wells and hydraulic fracturing using less than 300,000 gallons of water. Examples of
reforms incorporated into the RDSGEIS and/or proposed regulations for HVHF that should apply to
all wells include updated well casing requirements, emergency response plans and plans addressing
the mitigation of noise, visual, transportation and ecological impacts.

2.3 RDSGEIS Fails to Address Indirect and Cumulative Impacts

The RDSGEIS fails to analyze important indirect and cumulative impacts as required by the State
Environmental Quality Review Act (SEQRA). One of the most glaring examples of this is the

* The RDSGEIS arbitrarily increased the threshold for HVHF to 300,000 gal from 80,000 gal, as evaluated in
the 1992 GEIS. There is no scientific justification given for the increase, and it effectively leaves all fracturing
in the range 80,000-300,000 regulated by the existing rules without NYSDEC ever having conducted an
environmental review showing that they are adequate for jobs that big.
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RDSGEIS’s failure to analyze the impacts of the pipelines and compressor stations that would be
required to support the development of HVHF.

The RDSGEIS does not analyze any of the important impacts of pipelines and compressor stations
(such as additional habitat fragmentation, noise and air pollutant emissions) based on flawed
reasoning that such an analysis is not required because the pipelines would be reviewed under the
Public Service Commission’s Article VIl process. The regulatory review process for pipelines is
irrelevant—SEQRA requires state and local agencies to consider indirect “growth inducing” impacts.
Pipelines and compressor stations are an indirect effect of the approval of HVHF. Without the
approval of HVHF, there would be no reason to construct additional pipelines. Therefore, the
pipelines/compressor stations and associated impacts cannot be separated from the environmental
impact analysis of the HVHF regulatory program. The separate environmental review of the
pipelines is, moreover, a form of segmentation, which is not permissible under SEQRA.> The
additional natural gas pipelines and related infrastructure could also result in cumulative impacts
when their impacts are combined with the impacts of HVHF that were analyzed in the RDSGEIS.
The result of these deficiencies in the RDSGEIS is that the true impacts of the approval of HVHF
have not been disclosed to the public and the requisite “hard look” under SEQRA has not been
taken.

Similar to the treatment of pipeline infrastructure, the RDSGEIS also fails to analyze the cumulative
impacts of numerous actions related to HVHF moving forward in New York, including the following:

¢ Impacts from wastewater disposal and management. The wastewater produced during
the HVHF process is highly contaminated and could impact water resources if released into
groundwater or surface water. While recognizing the problems with management of this
water, the RDSGEIS fails to clearly state how this water will be either disposed in a manner
that protects human health and the environment, or otherwise treated to remove the
contaminants. While the RDSGEIS provides a range of alternatives, the RDSGEIS does not
analyze the environmental or human health impacts associated with any of these disposal
options. There are four possible treatment options for flowback and produced water
discussed in the RDSGEIS: (1) reuse, (2) deep well injection, or (3) treatment in municipal or
privately owned treatment facilities. None of these options is properly analyzed in the
RDSGEIS, and the potential significant adverse impacts of each are therefore not disclosed
nor possible mitigation identified. Further, effectively none of these options is likely to be
accomplished in state, and the RDSGEIS implies that virtually all of the wastewater
generated in New York will be managed out of state where regulations may be less stringent.

o Impacts from Centralized Flowback Impoundments. The RDSGEIS fails to analyze the
impacts of centralized flowback impoundments based on statements from industry that they
will not be “routinely” proposed. While site-specific SEQRA review would be required for any
centralized flowback impoundment, NYSDEC should have addressed the potential for
significant adverse cumulative impacts (particular air quality and water resources) arising
from centralized flowback impoundments in combination with the other impacts of HVHF
discussed in the RDSGEIS.

¢ Impacts from seismic data collection. Seismic data collection has the potential to create

> See 6 § NYCRR (617.2(ag)): “Segmentation means the division of the environmental review of an action
such that various activities or stages are addressed under this Part as though they were independent,
unrelated activities, needing individual determinations of significance.”



habitat fragmentation through the clearing of long linear corridors, among other impacts.
Seismic data collection is a reasonably foreseeable part of the development process and
should have been considered as an aspect of the cumulative effects assessment in the
RDSGEIS.

¢ Impacts from liquid petroleum. The development of the Marcellus shale has the potential
to result in wells the encounter liquid hydrocarbons. If liquid hydrocarbons are found while
drilling a shale gas well, additional wells and drill sites may be proposed to develop those oil
resources. Liquid hydrocarbons found during natural gas exploration have the potential to
contaminate the environment through spills and well blowouts. None of these impacts were
considered in the RDSGEIS.

¢ Impacts from land use change. The RDSGEIS contains some information about potential
economic benefits, but does not examine how increase population and employment would
change land use. Changes in land use would result in greater demands on the transportation
system as well as ecological impacts from new residential and commercial development
(above and beyond the direct impacts of the well pad sites themselves).

Fundamentally, the RDSGEIS analyzes only certain elements of HVHF and fails to analyze all
elements of the process, both individually and collectively.

2.4 Unenforceable Mitigation under the HVHF Regulatory Framework

As noted throughout the detailed technical review comments, the RDSGEIS includes numerous
mitigation commitments that are not enforceable because they are not included in the proposed
regulations or supplemental permit conditions.

To provide a consistent regulatory framework for industry and to protect the environment, mitigation
measures that would be applied across all HVHF operations should be incorporated into the
proposed regulations. Mitigation measures that are site-specific should be incorporated into the
supplemental permit conditions. Mitigation measures that are suggested in the RDSGEIS itself that
are unenforceable (i.e., not codified through regulatory or other mechanisms) should be
acknowledged as such and reduced efficacy of mitigation due to the lack of enforcement should be
analyzed and disclosed.

2.5 Setbacks

As a general matter, the setback requirements stipulated by proposed HVHF regulations are
inadequate to protect public health and environmental quality. Table 2 provides a summary of the
setbacks proposed in the RDSGEIS and/or regulations and the recommended revisions to the
setbacks based on the expert reviews conducted for NRDC.

For example, the minimum setback according to the HVHF regulatory framework for a residence is
100-feet. This is inadequate considering the potential for blowouts to eject drilling mud,
hydrocarbons, and/or formation water from a well onto adjacent waters and lands. Depending on
reservoir pressure, blowout circumstances, and wind speed, these pollutants can be distributed
hundreds to thousands of feet away from a well. Other risks to residences and schools within close
proximity to HVHF operations include noise levels that damage hearing and, exposure to hazardous
gases, chemicals, fuels, and explosive charges.



The potential radius of impact for explosions, fire, and other industrial hazards should be considered
in the RDSGEIS and proposed HVHF regulations. For example, Fort Worth Texas uses the
International Fire Code as the basis for its minimum 600’ setback from shale gas drilling operations.
The figure below shows how the HVHF regulations setback distance requirements are significantly
shorter and thus less protective than the requirements in other locations.

Comparison of NYS Setbacks from Homes and Public Buildings to Fort Worth, Texas Setbacks
e e
v
|
600 Texas
Home

NYS Public
Building

7’
: 00 > Texas
Photo 5.7 from SGEIS School

Annotated by HCLLC
Distances shown by arrows drawn to scale

2.6 Insufficient Public Review of HVHF Permit Applications

The RDSGEIS fails to provide a clear and accessible process for public and local government
access to site-specific HVHF activity information, while at the same time placing the burden on local
government (and not the industry) to provide notice to NYSDEC that a HVHF activity may not be in
compliance with local zoning or land use regulations (RDSGEIS pages 8-4 and 8-5). This essentially
puts the regulatory burden on local government and at the same time fails to provide local
government with access to the necessary information. The burden of demonstrating compliance with
local government land use requirements should fall on the industry, not local government and the
public. NYSDEC should require public notice of the availability of HYHF permit applications locally
through publication of a notice in a newspaper of general circulation and statewide through a
centralized website. Permit applicants should be required to provide copies of their application to the
affected municipality. The public should have immediate online access to all supporting
documentation submitted with each permit application and the public review timeframe should be no
less than 30 days. The regulatory framework must incorporate a mechanism for public comments on
permit applications to be considered by NYSDEC before the decision to grant or reject a permit
application is made.



Table 2

Summary of Setback Recommendations

Mmm!ur_n Setback under Recommended

Existing/Proposed o -

Minimum Rationale/Notes
HVHF Regulatory Setback
Framework
100 feet
Residences

6 NYCRR § 553.2 1320 feet Protects from noise, explosions, fire, and other industrial

Public Buildings 150 feet ’ hazards.

(including

schools) 6 NYCRR § 553.2
The 500 feet setback for primary aquifers should be
increased to 4,000 feet (the same setback distance

500 feet adopted in the RDSGEIS for Filtration Avoidance
Primary Aquifers 4,000 feet Determination watersheds), unless a site specific analysis
6 NYCRR § 560.4 demonstrates there are no fractures connecting the
bedrock with the aquifer and there are no obvious surface
water pathways.
The only difference between a primary and principal
aquifer is the number of people potentially using the
500 feet in RDSGEIS aquifer. Pnnmpal_aqun‘ers are thought to be prgdugtlve .
I . ) enough to be an important source and contamination with
Principal Aquifers (page 1-18) but not in the 4,000 feet fracking fluid or flowback d render th bl
roposed regulations** racking fluid or flowback could render them unusable
P without substantial remediation. Wells near principal
aquifers should be subject to the same setback as well
near a primary aquifer.
The setback for public water supplies should be the same
Public Water 2,000 feet as for principal aquifers (4,000 feet) and the operator
Suoplies 4,000 feet should identify the capture zone for flow to the well and
PP (6 NYCRR § 560.4) identify the five year transport distance contour.
Private and public wells should be protected to the same

Private Drinkin 500 feet* extent. NYSDEC should not allow the owner to waive the

Water Wells 9 4,000 feet private well setback requirement because health and

(6 NYCRR § 560.4) safety are at risk. More than just the “owner” may use the
source, and the owner could sell to someone who does
not understand the situation.

The regulations currently contain conflicting and unclear
requirements with respect to surface water resource

Stream, Storm ; : -

. o setbacks. The regulations should be revised provide

Drain, Lake, or 150 feet 660 feet - . :

Pond consistent setbgck reguwgments that are protect_lve of
water sources, including rivers, streams (perennial and
intermittent), and lakes.

Filtration Incorporate RDSGEIS setback commitment into
Avoidance 4,000 feet in RDSGEIS regulations. In addition, the operator should be required to
L (page 7-56) but not in the 4,000 feet analyze the local geology to determine whether the

Determination ) o .

proposed regulations groundwater divide would allow transport into the FAD

Watersheds
watershed.

Welloads For wells that might operate for 30 years, there is a 26%

Wellpads prohibited in the rohipbited in the chance of a 100-year flood occurring during the period the

. 100-year floodplain P well would be operated. Wells should be prohibited within
Floodplains 500-year X .
floodolain at least the 500 year return interval floodplain, because the

(6 NYCRR § 560.4) P damages from significant flooding could be very

substantial.

*Setback can be waived by the landowner.

use springs

The proposed regulations do not address setbacks for domestic

** Setback could be waived based on site-specific analysis.




2.7 Impacts of Well Refracture Not Addressed

The assessments of environmental impacts in the RDSGEIS are all based on a single hydraulic
fracturing treatment of each well. The RDSGEIS inappropriately relies on informal statements from
industry that refracturing will be rare and does not quantify the number of HVHF treatments possible
per well. The RDSGEIS under-predicts both the peak and cumulative impacts by not examining the
reasonably foreseeable likelihood that Marcellus, Utica, and other low-permeability shale reservoirs
will require more than one HVHF treatment, most likely two or three, over a several-decade long
lifecycle. The RDSGEIS should quantify how many times a well may be fracture treated over its life,
and provide a worst case scenario for water use and waste disposal requirements based on this
scenario. Additionally, the RDSGEIS should examine the peak and cumulative impacts of multiple
HVHF treatments over a well’s life and propose mitigation to offset those reasonably foreseeable
impacts. Refer to Chapter 16 of the Harvey Consulting, LLC report (Attachment 1) for more
information supporting this comment.

3.0 Summary of Technical Comments

3.1 Liquid Petroleum Impacts

The RDSGEIS describes natural gas exploration and production, but does not address the potential
for shale gas wells to also encounter liquid hydrocarbons. Natural gas exploration can identify oil
and condensate development opportunities. If liquid hydrocarbons are found while drilling a shale
gas well, additional wells and drill sites may be needed to develop those oil resources. Liquid
hydrocarbons found during natural gas exploration have the potential to contaminate the
environment through spills and well blowouts. The risk of oil spills during shale gas exploration has
not been analyzed in the RDSGEIS. While blowouts are infrequent, they do occur, and are a
reasonably foreseeable consequence of exploratory drilling operations. Blowouts can occur from gas
and/or oil wells. They can last for days, weeks, or months until well control is achieved. On average,
a blowout occurs in 7 out of every 1,000 onshore exploration wells. Two recent gas well blowouts
occurred in Pennsylvania due to Marcellus Shale drilling.

The RDSGEIS should examine the potential for shale gas wells to also encounter liquid
hydrocarbons. The RDSGEIS should also examine the incremental risks of oil well blowouts and oil
spills, as well as the impacts from the additional wells and drill sites that may be required to develop
oil resources identified by shale gas exploration and production activities.

The comments summarized in this section are covered in greater detail in Chapter 3 of the Harvey
Consulting, LLC report (Attachment 1).

3.2 Well Casing Requirements

The comments summarized in this section are covered in greater detail in Chapters 5 through 8 of
the Harvey Consulting, LLC report (Attachment 1).

3.2.1 Conductor Casing

Conductor casing is the first string of casing in a well and is installed to prevent the top of the well
from caving in. The conductor casing requirements listed in the Proposed Supplementary Permit
Conditions for HVHF and Existing Fresh Water Supplementary Permit Conditions Required for Wells
Drilled in Primary and Principal Aquifers should be codified in the proposed regulations and should
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apply to all natural gas wells drilled in NYS, not just HVHF wells. Additionally, NYSDEC should set a
conductor casing depth criterion, requiring conductor casing be set to a sufficient depth to provide a
solid structural anchorage. Regulations should specify that conductor casing design be based on
site-specific engineering and geologic factors.

3.2.2 Surface Casing

Surface casing plays a very important role in protecting groundwater aquifers, providing the structure
to support blowout prevention equipment, and providing a conduit for drilling fluids while drilling the
next section of the well. Stray gas may impact groundwater and surface water from poor well
construction practices. Properly constructed and operated gas wells are critical to mitigating stray
gas and thereby protecting water supplies and public safety. If a well is not properly cased and
cemented, natural gas in subsurface formations may migrate from the wellbore through bedrock and
soil. Stray gas may adversely affect water supplies, accumulate in or adjacent to structures such as
residences and water wells, and has the potential to cause a fire or explosion. Instances of
improperly constructed wellbores leading to the contamination of drinking water with natural gas are
well documented in Pennsylvania and other locations.

The RDSGEIS and proposed regulations include important improvements for surface casing that
incorporate many of the comments provided by this working group in 2009. Notable improvements
include requirements related to cement quality, casing quality, and installation techniques.
Unfortunately, there are a number of inconsistencies between the permit conditions and the
proposed regulations that create uncertainty about what will be required. The Harvey Consulting,
LLC report provides recommendations for correcting these inconsistencies. Finally, there are a
number of new surface casing requirements proposed for HVHF wells that are standard industry
best practices for all oil and gas wells. These requirements should be included in 6 NYCRR Part 554
(drilling practices for all oil and gas wells), and not just contained in 6 NYCRR Part 560 (drilling
practices for HVHF wells).

3.2.3 Intermediate Casing

Intermediate casing provides a transition from the surface casing to the production casing. This
casing may be required to seal off anomalous pressure zones, lost circulation zones, and other
drilling hazards. The RDSGEIS and proposed regulations include important improvements for
intermediate casing in comparison to the 2009 DSGEIS. Overall, NYSDEC’s intermediate casing
requirements for HVHF wells are robust. However, the remaining area for improvement in the
proposed regulations is to establish intermediate casing and cementing standards for all wells that
will not undergo HVHF treatment, but will require the installation of intermediate casing, on which the
proposed regulations are silent. There are also a number of new intermediate casing requirements
proposed for HVHF wells that are standard industry best practices for all oil and gas wells. Those
requirements should be included in 6 NYCRR Part 554 (drilling practices for all oil and gas wells),
and not just covered in the new 6 NYCRR Part 560 (drilling practices for HVHF wells).

3.2.4 Production Casing

Production casing is the last string of casing set in the well. It is called “production casing” because it
is set across the hydrocarbon-producing zone or, alternatively, it is set just above the hydrocarbon
zone. Production casing is used to isolate hydrocarbon zones and to contain formation pressure.
Production casing pipe and cement integrity is very important, because it is the piping/cement barrier



that is exposed to fracture pressure, acid stimulation treatments, and other workover/stimulation
methods used to increase hydrocarbon production.

The RDSGEIS and proposed regulations include substantial improvements for production casing.
NYSDEC’s proposed production casing requirements for HYHF wells are robust. The most notable
improvement to the proposed regulations is that production casing must be set from the well surface
through the production zone. This provides an additional protective layer of casing and cementing in
the well during HVHF treatments. The RDSGEIS and proposed regulations require production
casing to be fully cemented, if intermediate casing is not set. If intermediate casing is set, it requires
production casing be tied into the intermediate casing. The proposed regulations also require the
cement placement and bond be verified by well logging tools. These requirements are best practice.
The Harvey Consulting, LLC report provides minor additional recommendations to improve
consistency of the various requirements for production casing and highlights additional best
practices that should be considered.

3.3 HVHF Design and Monitoring

Computer modeling is routinely used by industry to design hydraulic fracture treatments. During
actual fracture stimulation treatments, data is collected to verify model accuracy, and the model is
continually refined to improve its predictive capability. Data collected during drilling, well logging,
coring, and other geophysical activities and HVHF implementation can be used to continuously
improve the model quality and predictive capability. HYHF modeling is an important way of helping
to ensure fracture treatments do not extend outside the target formation. Fracture treatments that
propagate outside the shale zone (fracturing out-of-zone) reduce gas recovery and risk pollutant
transport.

The RDSGEIS does not require well operators to develop or maintain a hydraulic fracture model.
Instead, the RDSGEIS only requires the operator to abide by a 1000’ vertical offset from protected
aquifers and collect data during the HVHF job to evaluate whether the job was implemented as
planned. Knowing whether a job was implemented as planned is only helpful if the initial design is
protective of human health and environment. If the job is poorly planned, and is implemented as
planned, that only proves that a poor job was actually implemented. Instead, NYSDEC needs to first
verify that the operator has engineered a HVHF treatment that is protective of human health and the
environment, and then, second, verify that the job was implemented to that protective standard. A
rigorous engineering analysis is a critical design step. Proper design and monitoring of HVHF jobs is
not only best practice from an environmental and human health perspective; it is also good business
because it optimizes gas production and reduces hydraulic fracture treatment cost. Best practices
for HVHF design and monitoring should be included as a mitigation measure, and codified in
regulations as a minimum standard. These best practices include utilizing hydraulic fracture
modeling prior to each fracture treatment to ensure that the fracture is contained in zone.

The comments summarized in this section are covered in greater detail in Chapter 10 of the Harvey
Consulting, LLC report (Attachment 1).

3.4 Corrosion and Erosion Mitigation and Integrity Monitoring
Programs

Downhole tubing and casing, surface pipelines, pressure vessels, and storage tanks used in gas
exploration and production can be subject to internal and external corrosion. Corrosion can be
caused by water, corrosive soils, oxygen, corrosive fluids used to treat wells, and the carbon dioxide
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(CO,) and hydrogen sulfide (H.S) present in gas. High velocity gas contaminated with water and
sediment can internally erode pipes, fittings, and valves. HVHF treatments, if improperly designed,
can accelerate well corrosion. Additionally, acids used to stimulate well production and remove scale
can be corrosive. The RDSGEIS includes a discussion on corrosion inhibitors used by industry in
fracture treatments, but does not require them as best practice. Furthermore, the RDSGEIS does
not require that facilities be designed to resist corrosion (e.g., material selection and coatings), nor
does it require corrosion monitoring, or the repair and replacement of corroded equipment. Best
corrosion and erosion mitigation practices and long-term well integrity monitoring should be
evaluated and codified in regulations. Operators should be required to design equipment to prevent
corrosion and erosion. Corrosion and erosion monitoring, repair, and replacement programs should
be instituted.

The comments summarized in this section are covered in greater detail in Chapter 23 of the Harvey
Consulting, LLC report (Attachment 1).

3.5 Well Control & Emergency Response Capability

Industrial fires, explosions, blowouts, and spills require specialized emergency response equipment,
which may not be available at local fire and emergency services departments. For example, local fire
and emergency services departments typically do not have well capping and control systems. The
addition of an Emergency Response Plan (ERP) requirement to the RDSGEIS is a substantial
improvement over the 2009 DSGEIS, which failed to address this issue. However, it is
recommended that NYSDEC include a review, approval, and audit processes to ensure that quality
ERPs are developed. Objectives of the ERP should include adequately trained and qualified
personnel, and the availability of adequate equipment. If local emergency response resources are
relied on in the ERP, operators should ensure they are trained, qualified, and equipped to respond to
an industrial accident. Additionally, NYSDEC should have a program to audit ERPs via drills,
exercises, equipment inspections, and personnel training audits.

The comments summarized in this section are covered in greater detail in Chapter 24 the Harvey
Consulting, LLC report (Attachment 1).

3.6 Financial Assurance Amount

NYSDEC ignored comments submitted by this working group in 2009 requesting that the SGEIS
examine financial assurance requirements to ensure there is funding available to properly plug and
abandon wells; remove equipment and contamination; complete surface restoration; and provide
adequate insurance to compensate nearby public for adverse impacts (e.g., well contamination).
Although changes in financial assurance amounts would require legislative action, the analysis of
this issue is necessary to fully disclose the potential adverse environmental impacts that would result
in the absence of adequate financial assurances. Moreover, such an analysis would be an
appropriate way of bringing this need for legislation to the attention of elected officials as appropriate
mitigation for identified significant adverse impacts.

The importance of reevaluating financial assurance requirements is heightened when the
inadequacy of the existing requirements is considered. For wells between 2,500° and 6,000 in
depth, NYSDEC requires only $5,000 financial security per well, with the overall total per operator
not to exceed $150,000. For wells drilled more than 6,000’ deep, NYSDEC is proposing a regulatory
revision that requires the operator to provide financial security in an amount based solely on the
anticipated cost for plugging and abandoning the well (6 NYCRR § 551.6). These requirements are
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far less than those in other locations. Fort Worth, Texas requires an operator drilling 1-5 wells to
provide a blanket bond or letter of credit of at least $150,000, with incremental increases of $50,000
for each additional well. Therefore, under Fort Worth, Texas requirements, an operator drilling 100
wells would be required to hold a bond of $4,900,000, as compared to $150,000 in NYS. In Ohio, an
operator is required to obtain liability insurance coverage of at least $1,000,000 and up to
$3,000,000 for wells in urban areas.

NYSDEC's financial assurance requirements should not narrowly focus on the costs of plugging and
abandoning a well. Instead, NYSDEC’s financial assurance requirements should include a
combination of bonding and insurance that addresses the costs and risks of long-term monitoring;
publicly incurred response and cleanup operations; site remediation and well abandonment; and
adequate compensation to the public for adverse impacts (e.g., water well contamination). It is
recommended that each operator provide a bond of at least $100,000 per well, with a cap of
$5,000,000 for each operator. Additionally, NYSDEC should require Commercial General Liability
Insurance, including Excess Insurance, Environmental Pollution Liability Coverage, and a Well
Control Policy, of at least $5,000,000. If NYSDEC deviates from these financial assurance
requirements, it should be justified with a rigorous economic assessment that is provided to the
public for review and comment. Recommendations for financial assurance improvements for
Marcellus Shale gas well drilling should be evaluated and included in the proposed regulations.

The comments summarized in this section are covered in greater detail in Chapter 25 of the Harvey
Consulting, LLC report (Attachment 1).

3.7 Hydrogeology and Contaminant Transport

The RDSGEIS dismisses the potential for groundwater contamination due to HVHF on the basis of
faulty science and unsupported assumptions.

1. The characterization of the hydraulic fracturing process and effects in the RDSGEIS is
technically incorrect, leading to important impacts being overlooked.

2. The RDSGEIS assumes that the geologic layers above the Marcellus shale will stop
contamination of aquifers without providing sufficient information on these layers, and
ignoring the potential for existing faults and fractures to expedite contaminant transport. It
also ignores studies which show that hydraulic fracturing has fractured formations as much
as 1500 feet above the target shale, thereby providing pathways through the rock which the
RDSGEIS relies on for stopping contaminant transport.

3. The RDSGEIS impact analyses are incomplete from a spatial perspective. The analyses
focus on Jocal impacts and fails to address the regional impacts of HVHF on the
characteristics of the shale and the environmental implications of these changes. Such
changes include increased shale permeability to water flow, which increases the risk of
aquifer contamination over time.

4. The RDSGEIS analyses are incomplete from a temporal perspective. The analyses do not
address the potential long-term aquifer contamination impacts by focusing on a time period
of few days, assuming contamination has not occurred in other locations that lack the
monitoring that would be necessary to detect contamination, and not considering evidence of
the potential vertical movement of fracking fluid to near-surface aquifers as discovered under
comparable conditions elsewhere.
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Detailed technical supporting information for the deficiencies noted above is provided in the report
prepared by Dr. Tom Myers (Attachment 2). The Myers report also provides a number of important
recommendations for:

1. Improving and expanding the characterization of the hydraulic fracturing process and impacts
in the RDSGEIS; and

2. Implementing measures as part of the review of specific well site proposals to avoid
significant adverse aquifer contamination impacts.

The measures should include the following:

1. Mapping groundwater gradients above the Marcellus shale using existing data.

2. Requiring seismic surveys to locate faults prior to drilling.

3. Implementation of a long-term monitoring plan with wells established to monitor for long-term
upward contaminant transport.

The groundwater monitoring at domestic wells proposed in the RDSGEIS is a scientifically improper
method of monitoring the location of a contaminant plume because domestic wells are not designed
for monitoring. Dedicated monitoring wells are necessary to prevent contamination of water wells by
detecting contaminants before they reach the water wells.

3.8 Well Plugging and Abandonment

Wells that are not properly plugged can act as a preferential pathway for surface contaminants to
impact groundwater resources. There are 2,114 wells that are at least 47 years old and some more
than 87 years old that still have not been properly abandoned in NYS, and 2,026 wells where the
age and condition is unknown (and must be assumed improperly abandoned). As a result, there is a
risk that improperly planned HVHF wells or fractures could intersect abandoned wells and
contaminate groundwater. Key recommendations from Chapter 9 of the Harvey Consulting, LLC
report (Attachment 1) related to well plugging and abandonment (P&A) include the following:

e The SGEIS should examine: the number of improperly abandoned or orphaned wells in NYS
requiring P&A in close proximity to drinking water sources or in close proximity to areas
under consideration for HVHF treatments; whether a procedure needs to be put in place to
examine the number, type, and condition of wells requiring P&A in close proximity to new
shale gas development; and whether plugging improperly abandoned and orphaned wells
should be required where such wells are in close proximity to new HVHF treatments.

e The SGEIS should include maps showing the location and depths of improperly abandoned,
orphaned wells in NYS. These maps should correlate the locations and depths to potential
foreseeable shale gas development and examine the need to properly P&A these wells
before shale gas development occurs nearby. The SGEIS should assess the risk of a HVHF
well intersecting a well that is not accurately documented in NYSDEC’s Oil & Gas database
and whether this poses and unmitigated significant impact to protected groundwater
resources.

e The SGEIS requirements with respect to the plugging of improperly abandoned wells nearby
proposed HVHF wells should be strengthened and incorporated in the proposed regulations.
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3.9 Seismic Data Collection

Seismic surveys are used by industry to target hydrocarbon formations for exploration and appraisal
drilling. Typically seismic surveys are conducted using vehicle-mounted vibrator plates that impact
the ground or use explosive to create seismic waves which bounce off of subsurface rock strata and
geologic formations. The reflected seismic waves are measured at various surface receivers. The
rate that seismic energy is transmitted and received through the earth crust provides information on
the subsurface geology, because seismic waves reflect at different speeds and intensity off various
rock strata and geologic structures. Seismic operations are very labor intensive and require large
amounts of equipment, personnel and support systems. Depending on the size of the area under
study, and the type of equipment selected, seismic operations can require dozens to hundreds of
personnel. In addition to seismic exploration equipment, there is a need for housing, catering, waste
management systems, water supplies, medical facilities, equipment maintenance and repair shops,
and other logistical support functions.

Significant surface impacts can be caused by extensive tree and vegetation removal to create
straight “cutlines” to run seismic equipment (up to 20’-50’ wide). Lines need to be cut to run
mechanical vibration equipment or set explosives to generate the seismic waves, and other seismic
lines are cleared to set geophones to measure the seismic reflection.

The RDSGEIS does not include any analysis of the potential impacts or mitigation needed for two-
dimensional (2D) or three-dimensional (3D) seismic surveys. If 2D or 3D seismic surveys are
planned, or are possible in the future, the proposed HVHF regulations should codify a permitting
process for these activities and institute mitigating measures in the RDSGEIS to minimize surface
impacts and disruptions, and require rehabilitation of impacted areas. In addition, the increased
industrial activity (e.g., economic impacts, noise, surface disturbance, wildlife impacts, etc.)
associated with 2D and 3D seismic surveys should be examined in the RDSGEIS.

The comments summarized in this section are covered in greater detail in Chapter 26 of the Harvey
Consulting, LLC report (Attachment 1).

3.10 Surface Water Hydrology

The RDSGEIS has addressed many of the deficiencies of the 2009 DSGEIS with respect to the
treatment of hydrology issues. As discussed in the Myers report (Attachment 2), NYSDEC proposes
to use the natural flow regime method (NFRM) for all regions by means of permit conditions.
However, NYSDEC should verify the accuracy for the proposed methods for estimating passby flows
at ungauged sites. Since NFRM is proposed to be applied everywhere (and not just in a specific
case which would justify its use as a permit condition), it would be more appropriate for NYSDEC to
include the use of the NFRM as a requirement in the regulations themselves. The following changes
should be accounted for in the regulatory framework regarding the avoidance or reduction of
potential impacts resulting from water withdrawal:

o NYSDEC should coordinate water withdrawals among operators so their withdrawals do not
cumulatively cause flows to drop below the required passby flows at any point along the
stream.

e The operator should establish a temporary flow/stage relationship with at least a staff gage
that should be monitored.

o Passby flows should be maintained with consideration of the measurement error inherent in
the technique. The operator should assume that the measurement method is overestimating
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flow and therefore maintain a flow greater than the passby flow by as much as the error
estimate.

3.11 Stormwater, Sedimentation and Erosion

All of the comments summarized in this section are covered in greater detail in the Meliora Design,
LLC report (Attachment 6).

3.11.1 Cumulative Water Quality Impacts of Land Disturbance Are Not Addressed

The RDSGEIS provides only a very brief generic discussion of the potential land disturbance and
associated stormwater and water quality impacts on surface waters from HVHF (and well drilling in
general). The RDSGEIS makes no attempt to evaluate the cumulative impacts of HVHF activity on
water resources, at either the small (headwater stream) scale, or the larger watershed scale. Even
very general cumulative estimates of land disturbance, and its associated water quality impacts, are
not provided. Since the original draft of the GEIS nearly twenty years ago, the use of improved
geographic information system (GIS) software and modeling tools has expanded the ability of
scientists, engineers, and regulators to quantify the scale and impact of proposed activities on water
resources. Such analysis has become standard industry practice for watershed planning and the
development of TMDL (Total Daily Maximum Load) studies to determine the level of pollutant load
(and required pollutant load reduction) to meet water quality standards. The RDSGEIS fails to
provide any such analysis, and instead only acknowledges stormwater impacts on water quality in
the most general and generic manner, with little industry specific consideration, and no consideration
of total or cumulative impacts. A more detailed and comprehensive evaluation of the amount of
anticipated land disturbance and associated water quality impacts is essential to a full environmental
impact analysis, and to any determinations by NYSDEC on the appropriate regulatory permitting
requirements.

3.11.2 Stream Crossing Impacts Are Not Addressed

The RDSGEIS fails to consider the potential surface water impacts of stream crossing activity
associated with HVHF well pads, most notably, stream crossings associated with gathering lines and
access roads (to both well pads and compressor stations). Stream crossings and the associated
water quality impacts are not fully addressed in the RDSGEIS, and are specifically not included in
the Draft State Pollutant Discharge Elimination System (SPDES) General Permit. It is unclear how
many stream crossings may be anticipated, and of these, how many will essentially be unregulated
under current NYSDEC regulations. It is unclear what the anticipated environmental impacts of
these stream crossings will be on water quality and aquatic systems. NYSDEC should provide
some estimate of the extent of anticipated stream crossings, potential water quality impacts, and
proposed requirements to regulate and mitigate these impacts.

3.11.3 Mitigation and SPDES General Permit Do Not Consider Existing Water Quality

With the exception of watersheds that have received Filtration Avoidance Determinations, the
RDSGEIS (and associated Draft SPDES HVHF General Permit) do not provide any specific
consideration of whether different performance requirements or standards are necessary to protect
water quality for higher quality watersheds, impaired streams, or areas of denser well pad
development on a watershed basis. There is no documentation to support the adequacy of the
proposed setbacks to protect water quality in all situations (i.e., higher quality streams, percent of
land disturbance within a watershed, site specific conditions such as steep slopes), and the setbacks
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discussed in the narrative of Chapter 7 are not clearly coordinated with EAF requirements in
Appendices 4, 5, 6 and 10 and the Draft HYHF General Permit mapping and documentation
requirements (and the Draft SPDES HVHF General Permit is presumably the regulatory mechanism
for compliance). NYSDEC should provide some analysis or justification as to why a single set of
performance requirements is applicable in all watersheds and all situations, regardless of stream
designation or current levels of impairment or high quality.

3.11.4 SPDES General Permit Flawed

The Draft SPDES General Permit for HVHF is essentially a compilation of the NYSDEC’s general
permits for both construction activity and industrial activity. The general permit process is essentially
“self-regulating,” relying on the regulated industry to adhere to certain compliance requirements. It is
not clear from the RDSGEIS’s very limited discussion of land disturbance and surface water impacts
that a general permit process is sufficient to protect water quality. It is also not clear that an industry
that is not subject to local government review and approval, unlike virtually all other land disturbance
activities addressed by general permits, can be adequately regulated through a general permit
process. This is especially important for a heavy industrial activity that will be occurring in areas not
zoned or accustomed to heavy industrial activity at the scale that will occur with HVHF. Finally, the
general permit process does not provide a timeframe (or process) for public review, comment, and
objection to any or all parts of proposed general permit coverage. Essentially, permit coverage is
automatically granted to the industry by providing notice to the NYSDEC and meeting minimum
performance requirements. The SPDES HVHF General permit should provide a process for public
access to all information associated with HVHF land disturbance and water quality impacts, and that
a process and timeline be developed to allow for public comment and appeal of general permit
coverage for a specific site before general permit coverage is granted. The permit coverage timeline
should be adjusted to provide for public comment and appeal.

3.12 Hazardous and Contaminated Materials Management

All of the comments summarized in this section are covered in greater detail in the Harvey
Consulting, LLC report (Attachment 1) and the report of Dr. Glenn Miller (Attachment 3).

3.12.1 Disposal of Waste and Equipment Containing NORM

Naturally Occurring Radioactive Materials (NORM) can be brought to the surface in a number of
ways during drilling, completion, and production operations:

e Drilling: Drill cuttings containing NORM are circulated to the surface.

o Completion: Wells stimulated using hydraulic fracture treatments inject water; a portion of
that water flows back to the surface (“flowback”) and can be contaminated by radioactive
materials picked up during subsurface transport.

o Production: Subsurface water located in natural gas reservoirs, produced as a waste
byproduct, may contain radioactive materials picked up by contact with gas or formations
containing NORM (this water is called “produced water’). Equipment used in hydrocarbon
production and processing can concentrate radioactive materials in the form of scale and
sludge.

The RDSGEIS fails to establish clear cradle-to-grave collection, testing, transportation, treatment,

and disposal requirements for all waste containing NORM. The RDSGEIS is improved relative to the
2009 DSGEIS in that it establishes radioactive limitations and testing in some cases, but testing is
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still not required in all cases (even when data uncertainty exists). Long-term treatment and disposal
requirements are not robust for all waste types. Nor is there a process in place to provide the public
with information on NORM handling over the project life. For example:

e Radioactivity treatment and disposal threshold levels are established (e.g., for produced
water and equipment); however, it is unclear if there is sufficient treatment and disposal
capacity in NYS to handle the volume and amount of radioactive waste that may be
generated;

o NYSDEC assumes that some waste will not contain significant amounts of radioactivity; yet,
this assumption is based on a very limited dataset;

e There is no testing requirement to verify NORM content in drill cuttings before they are sent
directly to a landfill; and

o Road spreading of waste is not prohibited; it is deferred to a yet-to-be determined future
process outside the SGEIS review.

Detailed collection, testing, transportation, treatment, and disposal methods for each type of drilling
and production waste and equipment containing NORM should be included as a mitigation measure
and codified in the NYCRR. Where data uncertainty exists, additional testing should be required.
The radioactive content of waste should be verified to ensure appropriate transportation, treatment,
and disposal methods are selected, and the testing results should be disclosed to the public.

3.12.2 Drilling Mud Composition and Disposal

Drilling muds may contain mercury, metals, Naturally Occurring Radioactive Materials (NORM), oils
and other contaminates. The NYSDEC appropriately removed the statement that “drilling muds are
not considered to be polluting fluids” from the proposed regulations in response to this working
group’s 2009 comments. This positive change is commendable, but there are two problems related
to the regulation of drilling muds that remain:

o The RDSGEIS states that the vertical portion of wells would be “typically” drilled using
compressed air or freshwater mud as the drilling fluid. There is no regulatory restriction on
industry using toxic additives in drilling mud, with corresponding increases in the risks of
water resources contamination during drilling, transport and disposal. NYSDEC should
stipulate in the regulations the mandatory use of compressed air or freshwater mud and
prohibit the use oil-based muds, synthetic-based muds and the use of toxic additives.

e The proposed regulations do not provide criteria for acceptable drilling mud disposal plans to
ensure safe handling and disposal. The proposed regulations should require specific best
practices for drilling mud handling and disposal.

3.12.3 Reserve Pit Use and Drill Cuttings Disposal

The RDSGEIS acknowledges the numerous environmental advantages of a closed loop tank system
to manage drilling fluids and cuttings rather than reserve pits, but fails to require a closed loop tank
system in all circumstances. The closed loop tank system is only required for wells without an
acceptable acid rock drainage mitigation plan for onsite disposal and for cuttings that need to be
disposed at a landfill because they contain toxic additives. The proposed regulations should prohibit
reserve pits and require a closed loop tank system. Reserve pits should only be allowed where the
applicant demonstrates that the closed loop tank system would be technically infeasible. The
proposed regulations also should include testing of the shale to determine the extent of potentially
acid generating material included in the cutting.
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The RDSGEIS states that onsite disposal of water-based muds is permissible, despite the fact that
these muds may contain mercury, metals and other contaminates. These contaminated muds would
be put in direct contact with soils and groundwater, resulting in the potential for significant adverse
environmental impacts not addressed in the RDSGEIS. Some portions of the RDSGEIS and
proposed regulations vaguely reference a requirement for consultation with the NYSDEC Division of
Materials Management prior to disposal of cuttings from water-based mud drilling, but this
“consultation” improperly circumvents the proper public review that would be provided by reaching a
decision on the disposal requirements for water-based mud and associated cuttings through the
environmental review process.

3.12.4 Hydraulic Fracture Additive Limitations

The RDSGEIS and proposed regulations continue to rely solely on the drilling operators to (1)
regulate themselves, and (2) select the lowest toxicity chemicals for use in fracture treatment
additives.

The proposed regulations require documentation that the additives exhibit “reduced aquatic toxicity”
and “lower risk to water resources” compared to alternate additives or documentation that
alternatives are not equally effective or feasible. There are no specific criteria for determining what is
an acceptable reduction in toxicity or an acceptable reduction in risk. Operators would still be
allowed to use harmful chemicals merely by stating to NYSDEC that these are the only chemicals
that would be “effective” or by showing that the chemicals they propose are slightly less toxic than
the most toxic alternatives.

To address this problem, the RDSGEIS and proposed regulations should identify the type, volume
and concentrations of fracture treatment additives that are protective of human health and the
environment; include a list of prohibited additives; and require the use of non-toxic materials to the
greatest extent possible.

NYSDEC should develop the list of prohibited fracture treatment additives based on the known list of
chemicals currently used in hydraulic fracturing. The list of prohibited fracture treatment additives
should apply to all hydraulic fracture treatments, not just HVHF treatments. NYSDEC should also
develop a process to evaluate newly proposed hydraulic fracturing chemical additives to determine
whether they should be added to the prohibited list. No chemical should be used until NYSDEC
and/or the New York State Department of Health (NYSDOH) has assessed whether it is protective
of human health and the environment, and has determined whether or not it warrants inclusion on
the list of prohibited hydraulic fracturing chemical additives for NYS. The burden of proof should be
on industry to demonstrate, via scientific and technical data and analysis, and risk assessment work,
that the chemical is safe. Fracture treatment additive prohibitions should be included in the
RDSGEIS as a mitigation measure and codified in the proposed regulations.

3.12.5 Centralized Surface Impoundments for HVHF Flowback Off-Drillsite

The 2009 DSGEIS disclosed significant adverse air quality impacts associated with centralized
surface impoundments for HYHF flowback, which were found to emit over 32.5 tons of air toxics per
year. However, this important impact information was removed from the RDSGEIS. Instead,
NYSDEC improperly declined to analyze centralized surface impoundments based on statements by
the industry that they would not “routinely propose” to use centralized flowback impoundments. The
proposed regulations do not prohibit centralized surface impoundments, which would be appropriate
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mitigation for the significant adverse impact identified in the 2009 DSGEIS, and instead a separate
site-specific SEQRA review would be required for them.

3.12.6 Chemical and Waste Tank Secondary Containment

NYSDEC appropriately codified a requirement for secondary containment for chemical and waste
handling tanks in the proposed regulations. However, the proposed regulations do not specifically
address secondary containment for chemical and waste transport, mixing and pumping equipment.
The regulations should be revised to address secondary containment for transport, mixing and
pumping equipment in order to minimize potential soil and water resource impacts from chemical
spills. There are several other minor modifications to the proposed regulations for secondary
containment detailed in Chapter 21 of the Harvey Consulting, LLC report (Attachment 1) to eliminate
inconsistencies between various regulatory requirements.

3.12.7 Fuel Tank Containment

NYSDEC appropriately included a requirement for fuel tank secondary containment in the Proposed
Supplementary Permit Conditions. However, this requirement is confused by inconsistent
statements in the RDSGEIS that secondary containment is not required for temporary fuel tanks
(page 7-34). In addition to correcting this inconsistency, the proposed regulatory framework for fuel
tank containment should be substantively improved to be more protective of the environment
through adoption of the following changes:

o Define clear criteria for adequate containment (e.g., using coated or lined materials that are
chemically compatible with the environment and the substances to be contained; providing
adequate freeboard; protecting containment from heavy vehicle or equipment traffic; and
having a volume of at least 110 percent of the largest storage tank within the containment
area).

e Include mandatory minimum setbacks from surface water features, homes and public
buildings. The proposed regulations contain a setback for surface water resources, but only
“to the extent practical.”

e Explain how NYSDEC’s requirements for fuel tank containment interface with federal
requirements (40 CFR Part 112).

Require tank inspections, spill prevention and spill alarm systems.

o Clarify whether vaulted, self-diking, and double-walled portable tanks will be allowed in cases
where secondary containment is impractical, and codify the requirements for the use of those
tanks, including inspections and spill prevention alarm systems.

3.13 Toxicology

This section addresses the toxicology-related issues associated with Naturally Occurring
Radioactive Materials (NORM), hydraulic fracturing additives and waste disposal. For supporting
technical information for these comments, refer to the technical reports of Dr. Glenn Miller
(Attachment 3) and Dr. Ralph Seiler (Attachment 4).

3.13.1 Naturally Occurring Radioactive Materials
The Marcellus Shale is known to contain NORM concentrations at higher levels than surrounding
rock formations. The primary environmental contamination risk associated with NORM is in

production brines. Appendix 13 of the RDSGEIS presented some information on radioactivity
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characteristics of vertical wells in the Marcellus Shale in New York. However, the data in Appendix
13 identifies only 14-24% of the gross alpha radiation sources in the water samples. The sources of
the other 75%+ of alpha radiation are not identified. The RDSGEIS explicitly acknowledges that the
scientific understanding of NORM in production brine is incomplete.® NYSDEC should have obtained
more information on the radiation sources in production brine as part of the SGEIS process because
it is essential to NYSDEC’s decision-making process and for NYSDEC to ensure that adequate
regulations are in place before widespread HVHF occurs in New York. Even if the information could
not have been reasonably obtained (which is not the case here), the proper approach for SEQRA
compliance would have been to disclose the unavailable information in accordance with NYCRR
§617.9 (b) (6)":

One possible source of the unspecified alpha levels in production brines is polonium. Polonium-210
is 5,000 times more radioactive than radium and is highly toxic.® Polonium-210 is difficult and
expensive to remove from drinking water and bioaccumulates in the environment. Before completing
the SEQRA process, NYSDEC should determine if polonium is a significant component of alpha
emission in formation waters and identify appropriate regulations that address polonium-
contaminated wastewater to prevent water resource impacts. Specific technical recommendations
regarding the analyses that should be conducted to determine the presence of polonium are
provided in Attachment 4. Attachment 4 also addresses the potential for Polonium-210 exposure via
build-up in natural gas delivery pipes.

3.13.2 Radon Exposure via Natural Gas Combustion

Radon is a cancer-causing, radioactive gas. Radon is known to be present in natural gas and will be
delivered with the natural gas to consumers. The quantity of radon in natural gas is highly variable
and has not been studied by NYSDEC in the Marcellus Shale. While normal natural gas use in
properly ventilated burners are unlikely to contribute to radon concentrations in a closed space,
poorly vented areas may well be a problem, and certain scenarios (e.g., high use of natural gas for
industrial applications, restaurants that use gas burners) need to be subjected to risk assessment.
At the very least, substantially more radon measurements need to be made. The risk is likely to be
greatest in those areas that already have elevated radon in air, and that risk may be enhanced by
the natural gas contribution. Any increase in radon exposure in the Southern Tier is of particular
concern in terms of cumulative impacts given that the NYSDOH estimates the majority of homes in

62011 RDSGEIS Page 5-142: “The data indicate the need to collect additional samples of production brine to assess the
need for mitigation and to require appropriate handling and treatment options....”

" In addition to the analysis of significant adverse impacts required in subparagraph 617.9(b) (5) (iii) of this section, if
information about reasonably foreseeable catastrophic impacts to the environment is unavailable because the cost to
obtain it is exorbitant, or the means to obtain it are unknown, or there is uncertainty about its validity, and such
information is essential to an agency's SEQR findings, the EIS must:

(i) identify the nature and relevance of unavailable or uncertain information;

(ii) provide a summary of existing credible scientific evidence, if available; and

(iii) assess the likelihood of occurrence, even if the probability of occurrence is low, and the consequences of the
potential impact, using theoretical approaches or research methods generally accepted in the scientific community.

This analysis would likely occur in the review of such actions as an oil supertanker port, a liquid propane gas/liquid
natural gas facility, or the siting of a hazardous waste treatment facility. It does not apply in the review of such actions as

shopping malls, residential subdivisions or office facilities.

8 http://www.who.int/ionizing radiation/pub meet/polonium210/en/index.html
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the region have existing basement radon levels above the EPA “action level” of 4 pCi/L. Between 20
and 40 percent of homes in the several Marcellus Shale counties have long-term exposure to radon
levels above the EPA limit in their living areas.’ Before completing the SEQRA process, NYSDEC
should analyze the cumulative health risk posed by additional radon exposure from Marcellus Shale
natural gas combustion so that appropriate mitigation measures can be identified to address the
issue.

3.13.3 Hydraulic Fracturing Additives

The RDSGEIS does not present sufficient information to analyze the toxicology risks posed by
hydraulic fracturing additives. It does not address the toxicology risks generically or at the site level.
The proposed regulations do not require permit applicants to provide sufficient information for the
risks of these additives to be considered at the site level. The RDSGEIS provides a long list of
potential additives (Tables 5.4 and 5.5), but does not analyze their potential environmental impacts.
The list of additives is almost certainly incomplete, specific information on the chemicals is lacking,
and the specific rate of usage is not offered. Thus, not knowing the composition of the specific
additives nor the amounts in which they would be used during the HVHF process there is no basis
for estimating the risk of these components with regard to their presence in the produced flowback
or produced water.

The RDSGEIS misrepresents the presence of hydraulic fracturing additives in flowback. Table 6.1 of
the RDSGEIS states that no non-naturally occurring additives were detected. However, most of
these additives cannot be detected through standard methods. Table 6.1 should be revised to
indicate which additives were actually capable of being detected by the analytical methods selected
and the associated detection limits. This is a customary practice and standard. The proposed
regulations should require testing of flowback water for acrylonitrile, a non-naturally occurring
chemical that if detected provides a clear indication of off-site contamination by hydraulic fracturing.

3.13.4 Disposal of Contaminated Wastewater

The water that flows back immediately following hydraulic fracturing is heavily contaminated,
primarily with the Marcellus formation contaminants, and represents the most problematic chemical
contamination potential, due to the large volumes of contaminated water generated. The produced
brines that are released during production generally have higher concentrations of naturally
occurring contaminants than flowback waster (although lower volumes) and similarly represent a
serious chemical contamination potential. Four problematic components of the flowback water and
produced brines are present: the radioactive component (NORM); the inorganic salts, metals and
metalloids; the organic substances (from the hydrocarbon formation) and the hydraulic fracturing
additives. While recognizing the problems with management of this water, the RDSGEIS fails to
clearly state how this water will be either disposed in a manner that protects human health and the
environment, or otherwise treated to remove the contaminants. While the RDSGEIS provides a
range of alternatives, the RDSGEIS does not analyze the environmental or human health impacts
associated with any of these disposal options. Further, effectively none of these options is likely to
be accomplished in state, and the RDSGEIS implies that virtually all of the wastewater generated in
New York will be managed out of state where regulations may be less stringent.

There are four possible treatment options for flowback and produced water discussed in the
RDSGEIS: (1) reuse, (2) deep well injection, or (3) treatment in municipal or privately owned
treatment facilities. None of these options is properly analyzed in the RDSGEIS. Reuse is not a

? http://www.wadsworth.org/radon/
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complete disposal option because residual salts and other contaminants must still be managed.
Beyond reuse, the disposal options considered in the RDSGEIS only included injection wells,
municipal sewage treatment facilities (of which there are currently none that are permitted to accept
flowback and produced water) and private treatment plants (of which none currently exist in New
York). The RDSGEIS did not consider whether there are other, less environmentally harmful,
options that exist for flowback and produced water. More importantly, the RDSGEIS fails to evaluate
the potentially significant adverse environmental impacts and human health risks associated with
these disposal options.

3.14 Air Quality and Odors

For supporting technical information for the comments provided in this section, refer to Chapters 17
and 20 of the Harvey Consulting, LLC report (Attachment 1).

3.14.1 Air Quality Modeling Assumptions

The air quality analysis in the RDSGEIS contains some substantial improvements compared to the
DSGEIS, but the assumptions used still warrant additional review and justification. For example, the
RDSGEIS did not consider the reasonable worst case scenario air impacts resulting from
simultaneous operations of spatially proximate well sites. In addition, the mobile source impact
assessment under-predicts the number of miles that will be driven by heavy equipment to transport
supplies to and haul wastes away from drillsites, especially wastewater that is hauled out of state to
treatment and disposal facilities. Modeling for mobile source air impacts resulting from wastewater
transport must be consistent with reasonable worst case scenario forecasts of wastewater volume
(which impacts the number of truck trips needed per well site) as well as forecasted in and out of
state disposal options (which impacts distance traveled per disposal). Limitations used in the
modeling assumptions must all be translated into SGEIS mitigation measures and codified in the
proposed regulations to ensure that the National Ambient Air Quality Standards will not be
exceeded.

3.14.2 Air Quality Monitoring Program

The RDSGEIS includes a commitment to develop a regional air quality monitoring program to
address the potential for significant adverse air quality impacts. However, more information is
needed to understand the scope and duration of NYSDEC’s proposed air monitoring program. A
more rigorous monitoring program proposal is needed that identifies: the scope of the monitoring
program; the location of the monitoring sites; the amount of equipment and personnel needed to run
each site; the duration of monitoring proposed at each site; along with the cost. It is anticipated that
a program used to assess both regional and local impacts will require long term monitoring stations
placed in key locations, not just infrequent and unrepresentative sampling. The SGEIS should
require the monitoring program to commence prior to Marcellus Shale gas development to verify
background levels and continue until NYSDEC can scientifically justify that data collection is no
longer warranted, in consultation with EPA. The obligation to fund the air monitoring program needs
to be clearly tied to a permit condition requirement.

3.14.3 Greenhouse Gas Emissions Mitigation Plan
The RDSGEIS took a step in the right direction with the inclusion of a requirement for greenhouse

gas emissions (GHG) impact mitigation plans. However, this requirement needs to be further
defined. NYSDEC should require a GHG Mitigation Plan that provides for measureable emissions
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reductions and includes enforceable requirements. The GHG Impacts Mitigation Plan should list all
Natural Gas STAR Program best management technologies and practices that have been
determined by EPA to be technically and economically feasible, and operators should select and use
the emission control(s) that will achieve the greatest emissions reductions. The GHG Impacts
Mitigation Plan should be submitted and approved prior to drillsite construction, GHG controls should
be installed at the time of well construction, and NYSDEC should conduct periodic reviews to ensure
that GHG Impacts Mitigation Plans include state of the art emission control technologies. Further,
the extent of compliance with adopted emission mitigation control plans should be documented
throughout the well’s potential to emit GHGs. The GHG Impacts Mitigation Plan requirement should
be included in the SGEIS as a mitigation measure and codified in the proposed regulations. This
requirement should apply to all natural gas operations, not just HVHF operations.

3.14.4 Flare and Venting of Gas Emissions

Flares may be used during well drilling, completion, and testing to combust hydrocarbon gases that
cannot be collected because gas processing and pipeline systems have not been installed. During
production operations, high pressure gas buildup may require gas venting via a pressure release
valve, or gas may need to be routed to a flare during an equipment malfunction. Reducing gas
flaring and venting is widely considered best practice for reducing air quality impacts of natural gas
development. The RDSGEIS air quality analyses of flaring assumed it would be limited to three
days based on statements from industry, even though the actual duration should be longer. Planned
flaring should be limited to no more than three days. In all other cases flaring should be limited to
safety purposes only. If NYSDEC finds there is an operational necessity to flare an exploration well
for more than a three-day period, the SGEIS impact analysis should evaluate the air pollutant
impact, particularly the potential for relatively high short-term emission impacts, from longer flaring
events, before approving such operations. The SGEIS should provide justification for allowing a
maximum of 5 MMscf of vented gas and 120 MMscf of flared gas at a drillsite during any
consecutive 12-month period. The RDSGEIS does not contain information to show that these limits
are equivalent to the lowest levels of venting and flaring that can be achieved through used of best
practices, and it is unclear if these rates were used in the modeling assessment. Flaring and venting
restrictions should be included in the SGEIS as a mitigation measure and codified in the proposed
regulations. This requirement should apply to all natural gas operations, not just HVYHF operations.

3.14.5 Reduced Emission Completions

Reduced Emission Completions (RECs, also known as “green completions”) control methane and
other GHG emissions following HVHF operations. RECs also reduce nitrogen oxide (NOXx) pollution,
which otherwise would be generated by flaring gas wells, and hazardous air pollutants (HAPs) and
volatile organic compounds (VOCs) emissions, which otherwise would be released when gas is
vented directly into the atmosphere. The RDSGEIS requires RECs where an existing gathering line
is located near the well in question, which allows the gas to be collected and routed for sale. While
the addition of this requirement represents a substantial improvement that protects air quality and
increases the efficiency and productivity of wellsites, NYSDEC should consider expanding its REC
requirements to more categories of wells—i.e., wells that are drilled prior to construction of gathering
lines. Under the current proposal, a large number of wells could be exempt from the REC
requirement, resulting in the flaring or venting of a significant amount of gas that could, instead, be
captured for sale. Furthermore, NYSDEC proposes to postpone making a decision on the number of
wells that can be drilled on a pad without the use of RECs until two years after the first HYHF permit
is issued. NYSDEC should not defer the decision to implement RECs for two more years. The
requirement to use RECs in all practicable situations should be included in the SGEIS as a
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mitigation measure and codified in the proposed regulations. This requirement should apply to all
natural gas operations, not just HVHF operations.

3.14.6 Gas Dehydrators

Dehydrator units remove water moisture from the gas stream. Dehydrator units typically use
triethylene glycol (TEG) to remove the water; the TEG absorbs methane, VOCs, and HAPs. Gas
dehydration units can emit significant amounts of HAPs and VOCs, and it is best practice to use
control devices with gas dehydration units to mitigate HAP and VOC emissions. The 2011 RDSGEIS
requires emissions modeling, using the EPA approved and industry standard model GRI-GlyCalc,
and the installation of emission controls for dehydrator units emitting more than one ton per year of
benzene. This is an important and substantial improvement. In addition to this requirement, natural
gas operators should be required to evaluate the technical and economic feasibility of installing
methane emission controls on gas dehydrators; installation should be mandatory unless an
infeasibility determination is made. This requirement should be included in the SGEIS as a mitigation
measure and codified in the proposed regulations. This requirement should apply to all natural gas
operations, not just HVHF operations.

3.14.7 Diesel Engine Emissions Control

NRDC’s 2009 comments recommended limiting diesel engines to Tier 2 or higher. The RDSGEIS
takes a step in the right direction by prohibiting “Tier 0” engines and requiring Tier 2 engines in most
cases. To further strengthen air quality protection from diesel emissions SGEIS should examine
whether it is possible to eliminate Tier 1 engine use altogether.

3.14.8 Leak Detection and Control

Unmitigated gas leaks pose a risk of fire and explosion, and contribute to GHG, VOC, and HAP
emissions, that could otherwise be avoided by routine detection and repair programs. NYSDEC'’s
proposed Leak Detection and Repair Program should be revised to require: a drillsite Leak Detection
and Repair inspection at start-up; quarterly testing with an infrared camera with additional follow-up
testing and repair if a leak is indicated; testing of all equipment located on the drillsite up to and
including the gas meter outlet which is connected to the pipeline inlet. These requirements should be
included in the SGEIS as mitigation measures and codified in the proposed regulations, and be
required for all natural gas operations, not just HVYHF operations.

3.14.9 Cleaner Power and Fuel Supply Options

The RDSGEIS did not examine cleaner power and fuel supply options as was requested in NRDC’s
2009 comments. In suburban and urban areas of NYS, where a connection to the electric power
grid is available, electric engines should be used in lieu of diesel wherever practicable, eliminating
the local diesel exhaust from those engines. In rural areas, where highline power is not readily
available, an operator should be required to evaluate whether there is a natural gas supply that
could be used as fuel; if so, use of the natural gas supply should be mandatory to the extent
practicable. Cleaner power and fuel selection requirements should be included in the SGEIS as a
mitigation measure and codified in the proposed regulations. These requirements should apply to all
natural gas operations, not just HYHF operations.
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3.14.10 Hydrogen Sulfide (H2S) (“Sour Gas”) Emissions

In addition to air quality risks associated with emissions of criteria pollutants and air toxics resulting
from natural gas development, additional air quality risks can occur as a result of the release of
hydrogen sulfide (H,S) or sour gas. H,S gas produces a malodorous smell of rotten eggs at low
concentrations, can cause very serious health symptoms, and can be deadly at the higher
concentrations found in some oil and gas wells.

Therefore, proper handling of H,S is important from both a quality-of-life and human-safety
standpoint for workers and nearby public. The RDSGEIS does not analyze H.S impacts based on
the argument (supported by limited evidence) that to date H,S has not been detected in high
concentrations in HVHF operations in Pennsylvania. However, the early experience in Pennsylvania
does not mean that there is no potential for H,S issues to develop over time in New York.

A supplemental permit condition proposed in the RDSGEIS appropriately requires monitoring for
H,S during the drilling phase. However, a requirement should be added to the HVHF regulations to
ensure that periodic monitoring occurs throughout production as gas fields age and sour. H,S
monitoring requirements should apply to all wells and therefore should be addressed through
regulations, rather than through permit conditions that can be altered without public review. The
regulations should stipulate that when monitoring detects H,S, nearby neighbors, local authorities
and public facilities should be notified of the risk of H,S gas. They should be provided information on
safety and control measures that the operator will be required to undertake to protect human health
and safety. In cases where elevated H,S levels are present, audible alarms should be installed to
alert the public when immediate evacuation procedures are warranted.

3.15 Socioeconomics

This section addresses the socioeconomic impacts of HVHF. For supporting technical information
for these comments, refer to the technical report from Dr. Susan Christopherson (Attachment 5).

3.15.1 NYSDEC’s Socioeconomic Impact Analysis

Although NYSDEC has included more information on the social and economic impacts of gas
development using HVHF in the RDSGEIS than it did in the 2009 draft, the RDSGEIS still does not
effectively assess those impacts or provide appropriate mitigation strategies. There are a number of
substantive concerns raised by the discussion of socioeconomic impacts presented in the RDSGEIS
and by the Economic Assessment Report (EAR) prepared by NYSDEC’s consultant, Environment
and Ecology, on which that discussion is based.

1. The assessment of economic benefits (jobs and taxes) relies on questionable assumptions about
the amount of gas extractable in the New York portion of the Marcellus Shale. The range of
estimates for extractable gas appears to be skewed to the high end, leading to an overestimation of
economic benefits.

2. The model used in the RDSGEIS to assess social and economic impacts presents natural gas
development as a gradual, predictable process beginning with a “ramp-up” period and then
proceeding through a regular pattern of well development over time. This model is misleading, and
because many of the negative social and economic impacts of HVHF gas extraction (such as
housing shortages followed by excess supply) are a consequence of unpredictable development, the
model cannot appropriately assess those impacts.
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3. The RDSGEIS does not assess public costs associated with natural gas development. A fiscal
impact analysis of the base costs to the state and localities that will occur with any amount of HVHF
gas development is required, along with an estimate of how costs will increase and accumulate as
development expands.

4. The long-term economic consequences of HVHF gas development for the regions where
production occurs are not addressed despite a widely recognized literature indicating that such
regions have poor economic outcomes when resource extraction ends.

5. Mitigation of enumerated negative social and economic impacts of HVHF gas development is
presumed to occur by means of phased development and regulation of the industry, but no evidence
or information is provided to indicate whether, and if so how, that would occur.

3.15.2 Uncertainty and Volatility of Natural Gas Production and its Socioeconomic
Impacts

The EAR’s projections concerning population, jobs, housing, and revenue are predicated on the
assumption of a regular, predictable roll-out of the exploratory, drilling, and production phases of the
natural gas development process, rather than the irregular pattern typically associated with such
development.

Natural gas drilling is a speculative venture and the commercially extractable gas from any particular
well is uncertain. This central feature of natural gas development has critical implications for the
economies of natural gas development regions. As production fluctuates, they may experience
short- and medium-term volatility in population, jobs, revenues, and housing vacancies. The model
used in the RDSGEIS to project socioeconomic impacts ignores those issues, however, and
assumes instead that the HVHF natural gas development in New York will have a different pattern
than that historically associated with such development. Rather than occurring in irregularly recurring
waves (or “boom-bust cycles”), development in New York is assumed to be steady and predictable.
Many of the economic benefits that the RDSGEIS and EAR associate with natural gas development
are predicated on this unlikely gradual, regular development scenario, raising doubts about the
projection of economic benefits based on that model.

The spatial distribution of impacts is also uneven. Some wells will have long production phases;
others will have dramatic declines in productivity after a relatively short period. The uncertainties in
the geographic extent of drilling and the potential for intensive development in “hot spots” have
implications for social and economic impacts. If drilling is concentrated in particular locations rather
than rolled out uniformly across sub-regions of the landscape (as was modeled in the RDSGEIS),
wealth effects and tax revenues also will be concentrated in particular localities. The social and
economic costs of spatially concentrated drilling, however, will be experienced across a much wider
geographic area, because public services will be required in areas without HYHF development (and
therefore not receiving tax revenues from drilling), but close enough to serve the transient population
associated with the industry.

Contrary to the RDSGEIS’ contention that the regularized development model “does not significantly
affect the socioeconomic analysis,” smoothing out the unpredictability and unevenness of
development covers up many of the negative cumulative social and economic impacts that arise
from the unpredictability of shale gas development. Finally, the RDSGEIS does not sufficiently
model the resource depletion phase of the exploration, drilling, production, and resource depletion
cycle and its implications for local and regional economies.
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3.15.3 Economic Impact Study Fails to Address Costs

The 2011 RDSGEIS analyzes potential economic benefits of HVHF, but fails to provide the same
level of analysis of the potential costs of HVHF. A central component of the EAR is use of a
Regional Industrial Multiplier System (RIMS) model. This type of model is useful for comparing
different types of investments and for examining inter-industry linkages, but it has a significant
drawback as the central model for the RDSGEIS analysis of socioeconomic impacts because it can
only project economic benefits. It cannot measure or assess the costs of proposed gas
development using HVHF.

The RDSGEIS assumes, based on the RIMS model, that economic benefits from HVHF gas
development, presumably including benefits to revenue, will be substantial, but there is no fiscal
impact analysis or cost-benefit analysis to substantiate that assumption. A fiscal impact analysis is
required, given that:

(1) Many purchases by drilling companies are tax exempt.
(2) Costs to the state that will reduce or offset tax revenues are not calculated.

(3) Substantial negative fiscal impacts are detailed in the EAR that are not quantified or fully
acknowledged in the RDSGEIS, including public costs associated with the increased demand for
community social services, police and fire departments, first responders, schools, etc., as well as
costs associated with monitoring and inspection and infrastructure maintenance. Although
experience in other shale gas plays demonstrates that these costs are likely, the RDSGEIS makes
no attempt to calculate the costs and consider them in the context of a fiscal impact assessment.

(4) There is no analysis of the expected 2-3 year lag between immediate costs and anticipated
revenues, during which communities will be faced with significant public service costs.

Given the inability of the EAR input-output model to address the costs of gas development and the
significance of local and state costs to decisions about shale gas drilling in the state, revised EAR
findings regarding costs must be prepared and an opportunity for public review and comment on the
revised EAR afforded before the SGEIS is finalized.

3.15.4 Impacts on Other Industries

HVHF has the potential to have significant adverse effects on the viability of other industries in New
York, particularly tourism and agriculture. In contrast with the pages of projected benefits from gas
development, the RDSGEIS offers no detailed description and no quantitative analysis of the effects
of HVHF development on existing industries and the associated impact on the state of New York’s
economy. This omission is particularly important for the counties defined in the EAR as
“representative” because industries, including agriculture and tourism, are significant employers in
those counties and are important to the overall economy of the State. There is no analysis of how
the “crowding out” of existing industries may impact the regional or statewide economy or of the
implications of the loss of industrial diversity to the long-term prospects for regional economic
sustainability.

The inadequate assessment of the impacts on existing industries in the region that will be affected
by HVHF gas development is problematic not only because the state does not have adequate
information to assess costs and benefits of HVHF gas development, but also because negative
impacts on industries such as tourism and agriculture, including dairies and wineries, will undermine
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state investments intended to support those industries. Given the importance of these industries in
the state and regional economy, the evidence that they will be negatively affected by HVHF gas
development should have been analyzed in detail and quantified when possible.

3.15.5 Housing and Property Value Impacts

The potential impacts of HVHF on the housing supply, housing costs, and housing financing are
inadequately addressed in the EAR. In addition, the social and economic impacts of unpredictable
shortfalls in housing followed by periods in which there is an excess supply are not addressed.

The report assumes that the current housing stock would be used to house any workers who move
to the production region on a “permanent” (more than one year) basis. However, given the quality
and age of the housing stock in the region, evidence from Pennsylvania indicates that it is likely that
there will be a demand for new single-family housing. This new housing stock will create new and
additional construction jobs, increasing population pressure, accelerating the “boomtown”
phenomenon. This housing may also contribute to sprawl around urban population centers such as
Binghamton. When drilling ceases, either or temporarily or permanently, the value of this new
housing is likely to plummet. The social and economic impacts of unpredictable shortfalls in housing
followed by periods in which there is an excess supply are not addressed. These impacts pose
environmental justice concerns and require mitigation strategies.

With respect to impacts on property value, the EAR authors found that having a well on a property
was associated with a 22% reduction in the value of the property; that having a well within 550 feet
of a property increased its value; and that having a well located between 551 feet and 2,600 feet
from a property had a negative impact on a property’s value. Thus, “...residential properties located
in close proximity to the new gas wells would likely see some downward pressure on price. This
downward pressure would be particularly acute for residential properties that do not own the
subsurface mineral rights.” (EAR, 4-114). The EAR’s assumption of recovering property values after
the completion of HYHF gas development does not take into account the potential for re-fracturing of
wells to increase their productivity or the effects of waves of development in which drilling moves in
and out of an area. The prospect of industrial activity is what drives down investment in regions
open to boom-bust development and also negatively impacts property values. A more definitive
analysis of impacts of on property values, including mortgage availability, in regions affected by
drilling is needed.

3.15.6 Effects on Employment

The oil and gas industry is not likely to be a major source of jobs in New York, because of the
project-based nature of the drilling phase of natural gas production (rigs and crews move from one
place to another and activities are carried out at each well) and because of its capital intensity (labor
is a small portion of total production costs). The emerging information on actual employment created
in Pennsylvania in conjunction with Marcellus drilling shows much smaller numbers than industry-
sponsored input-output models projected.

Although the industry points to years of drilling experience in New York, the oil and gas industry
employed only 362 people in New York State in 2009 (0.01% of the state’s total employment). 43%
of those workers (157) were employed in Region C, the region where vertical natural gas drilling is
most significant in New York. Wages for these workers constituted 0.04% of the wages in the two-
county region with almost 4,000 active gas wells.

In contrast, nearly 674,000 New York jobs were sustained by tourism activity last year, representing
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7.9% of New York State employment, either directly or indirectly. New York State tourism generated
a total income of $26.5 billion, and $6.5 billion in state and local taxes in 2010. In the Southern Tier
alone, the tourism and travel sector accounted for 3,335 direct jobs and nearly $66 million in labor
income in 2008. When indirect and induced employment is considered, the tourism sector was
responsible for 4,691 jobs and $113.5 million in labor income. In addition, the travel and tourism
sector generated nearly $16 million in state taxes and $15 million in local taxes, for a total of almost
$31 million in tax revenue.

The RDSGEIS assumes that as the industry “matures” in the region, local residents will be trained
and hired for drilling jobs. If, as has been the case with vertical drilling in New York State and in the
Western US shale plays, development follows a more irregular pattern, then the higher paid
technical jobs are less likely to evolve into stable local employment. In addition, the jobs in ancillary
industries (retail and services) are likely to disappear and reappear as rigs leave and re-enter the
region at unpredictable intervals.

In addition, many of the highest paid jobs associated with HVHF will not be filled locally.
Occupational employment statistics geographical analysis of petroleum engineers, one of the most
common occupations in the oil and gas industry, indicates that the states with the highest
employment in this occupation are Texas, Oklahoma, and Louisiana. This data suggests that the
rural areas of New York that are likely to experience the most intensive gas development will not see
an increase in highly skilled and highly paid jobs in petroleum engineering.

The creation of high-paying jobs as a result of expenditures in industries outside the extraction
industry is also likely to occur outside the production region. This is important because regions
where natural resource extraction takes place (and especially rural regions with little economic
diversity) have been found to end up with poorer economies at the end of the resource extraction
process. Although the EAR asserts that as the natural gas industry grows, more of the suppliers
would locate to the representative regions and less of the indirect and induced economic impacts
would leave the regions, no evidence is presented to substantiate this assumption. The more likely
outcome is indicated by a study of the impact of gas drilling on Western State economies, which
found that natural gas drilling may have positive fiscal impacts at the state level, but negative fiscal
impacts for the regions in which it occurs.

3.15.7 Regional Plan of Development Approach to Mitigating Socioeconomic Impacts

The mitigation chapter of the RDSGEIS implies that negative impacts will be mitigated through the
permitting process and a secondary level of review triggered by the operator’s identification of
inconsistencies with comprehensive land use plans. The measures are only advisory. The
RDSGEIS proposes no requirements to mitigate adverse socioeconomic impacts in this process.

Mitigation measures should be developed that would require operating companies to submit plans
for exploration and development in a county or counties to county planning offices for review of
cumulative impacts and mitigation (for example truck traffic routing), a model used in Western U.S.
drilling regions. Because the RDSGEIS acknowledges that the pace and scale of development are
difficult to ascertain until exploration and production begin to proceed, it is critical that a permit and
regional Plan of Development (POD) review process be set up that alerts local officials to the need
for long term planning for land use, schools, public safety and public health. The POD, outlining the
pace, scale, and general location in which development will occur enables local government to
anticipate and develop strategies to mitigate cumulative impacts. The near-term projections of
development activity should include all secondary facilities (e.g., water extraction, waste disposal,
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pipeline construction) in the area to be affected. A POD would allow communities in that region to
prepare for the disruption and negotiate the least disruptive and damaging development plan.

To further assist communities in planning for socioeconomic impacts, a series of reporting
requirements should be incorporated into the RDSGEIS and regulations. As development activities
begin and progress, the information provided in initial projections should be confirmed or revised on
a semiannual basis. This information is critical to forecasting and meeting housing and service
demands.

In addition, mitigation strategies need to be developed and described in the RDSGEIS that address
long term costs to affected regions and the impacts of the resource depletion phase of the
exploration, drilling, and development process, when population and jobs leave the region and tax
revenues may be insufficient to pay for the capital investments made to serve the population influx
during the drilling and production phases of development. Finally, mitigation strategies should
include policies to prevent negative impacts on existing industries, including agriculture, tourism and
manufacturing.

3.16 Traffic and Transportation

While the RDSGEIS improves upon the 2009 DSGEIS regarding estimates truck trip generation, the
impact of HVHF on roadway congestion and safety has not been adequately addressed in the
RDSGEIS.

The impacts of a typical multi-well development on congestion and safety should be analyzed in
detail; such analysis should include a cumulative traffic effects analysis using a reasonable worst
case development scenario. The reasonable worst case development scenario for regional traffic
impacts should include indirect traffic generation associated with increased economic development
and population growth attributable to natural gas extraction and related economic activity.

The LBG technical memo (Attachment 7) details the specific analyses that should be undertaken
and describes how the transportation mitigation commitments described in the RDSGEIS should be
incorporated into regulations or permit conditions to ensure they are enforceable. The transportation
plan requirement in the RDSGEIS is a good first step, but additional detail is needed on the
transportation plan including required contents, methodologies and impact criteria to make this
mitigation measure meaningful.

3.17 Noise and Vibration

The construction and operation phase noise impact assessments presented in RDSGEIS are
improved over the 2009 DSGEIS, but still contain important flaws that understate the impacts.

For example, the drilling and fracturing impact assessment presented is for one well, ignoring the
cumulative impact of multiple wells being developed at the same time. Even using the analysis for a
single well, the sound levels associated with the fracturing process are so extreme that hearing
damage could result from exposure for 8-hours at a distance of 500 feet from the well pad.

Transportation-related noise impacts are not quantified in the RDSGEIS. Potential noise effects on

wildlife are not evaluated, even though the noise of a single well and even more so the combination
of noise of multiple wells could affect wildlife (especially sensitive bird species). The cumulative
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effects of noise on wildlife habitat and fragmentation effects of almost continual disturbance are not
evaluated.

Vibration impacts and low-frequency noise impacts (which are associated with health impacts) are
similarly not addressed in the RDSGEIS. The LBG technical memo details the specific analyses that
should be undertaken and describes how the noise mitigation commitments described in the
RDSGEIS should be incorporated into regulations or permit conditions to ensure they are
enforceable.

Similar to the transportation plan requirement mentioned above, the noise mitigation plan
requirement lacks specificity regarding the analyses required and the thresholds that trigger the
need for mitigation. A best practice template for NYSDEC to consider adopting to specify the
requirements for noise impact analysis and mitigation plans is the Alberta Energy Resources
Conservation Board (ERCB) Noise Control Directive (#38).

3.18 Visual Resources

The RDSGEIS describes in very broad terms the potential direct and cumulative impacts of various
phases of natural gas development on NYSDEC-designated visually sensitive resources. This
assessment should incorporate best practices for analyzing visual impacts, such as identifying the
relevant view groups, landscape zones and photo simulations of well development in various
contexts.

The RDSGEIS mitigation section for visual resources suggests that mitigation measures would only
be considered when designated significant visual resources (parks, historic resources, scenic rivers,
etc.) are present and within the viewshed of proposed wells. This approach fails to consider visual
impacts on nearby residences or tourists in areas where a significant visual resource is not present.
In these situations, no mitigation would be required for individual wells to be consistent with the
RDSGEIS. NYSDEC should make basic and low-cost mitigation measures mandatory for all well
development sites (such as keeping lighting levels at the minimum level required and directing lights
downward to minimize light pollution), regardless of whether or not state designated significant
visual resources are present. For more information on the adequacy of the proposed mitigation
measures and suggested changes, refer to the LBG technical memorandum (Attachment 7).

3.19 Land Use

The RDSGEIS fails to provide any analysis of the reasonably foreseeable cumulative land use
impacts that would result if HYHF development goes forward in New York. This should be corrected
by providing information on existing land use patterns and analyzing the impact of the level of
development anticipated in the economic impact study on land use change. The RDSGEIS fails to
provide any discussion of mitigation measures for land use impacts. Mitigation measures such as
buffer distances for incompatible land uses should be described and incorporated into enforceable
regulations or supplemental permit conditions, as appropriate. For more information on the
adequacy of the proposed mitigation measures and suggested changes, refer to the LBG technical
memorandum (Attachment 7).

3.20 Community Character

Community character is an amalgam of various elements that give communities their distinct
"personality.” These elements include a community’s land use, architecture, visual resources,
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historic resources, socioeconomics, traffic, and noise.’® The community character impact
assessment portion of the RDSGEIS lists some of the community character impacts that could be
expected (focused on demographic and economic impacts), but does not analyze the significance of
these impacts or draw conclusions on how HVHF would affect community character in the short-
term and long-term. The impact assessment does not mention the contribution of visual, land use or
historic resource impacts to community character. The discussion of traffic and noise impacts is
superficial (two sentences each). A complete community character impact assessment is needed
(including regional cumulative impacts) to ensure appropriate mitigation measures are included in
the HVHF regulatory framework.

3.21 Cultural Resources

In addition to the ecological effects of the massive ground disturbance and industrial development
that will occur with HVHF in New York, the integrity of historic architectural resources, archaeological
sites and culturally significant areas to Native Americans is also threatened. The RDSGEIS does not
address comments provided by New York Archaeological Council during scoping in 2008 on cultural
resource issues and does not adequately address this important resource topic. There is no section
of the RDSGEIS specifically devoted to the direct, indirect and cumulative impacts of HVHF on
cultural resource or any discussion of mitigation measures (except for impacts related to visual
resources). The reliance on the 1992 GEIS for protection of cultural resources is not sufficient given
the significantly different type and scale of impacts that could occur with HVHF and the length of
time that passed since the 1992 GEIS was prepared. The role of the New York State Office of Parks,
Recreation and Historic Preservation (OPRHP) in the review of individual permit applications is not
clear in the RDSGEIS. In addition, the RDSGEIS does not explained how tribal consultation
regarding impacts to cultural resources will be accomplished in a manner consistent with NYSDEC'’s
own 2009 policy Contact, Cooperation, and Consultation with Indian Nations. Cultural resource
impacts, mitigation measures and project-level review requirements must be addressed before
HVHF is approved. Refer to the LBG technical memorandum for more information supporting these
comments (Attachment 7).

3.22 Ecosystems and Wildlife

The ecological effects of HVHF and related infrastructure development include direct losses of
habitat, fragmentation of existing habitats and indirect “edge effects” such as the spread of invasive
species and noise disturbance of wildlife. The RDSGEIS qualitatively acknowledges these impacts
and summarizes the findings of studies conducted in other locations, but does not provide build-out
analyses that could quantify the range of cumulative habitat loss and fragmentation effects in New
York. As evidenced by The Nature Conservancy’s build-out analysis of Tioga County, such an
analysis is readily achievable with existing GIS tools and datasets available to NYSDEC."" The
RDSGEIS should include quantitative build-out analysis of habitat fragmentation and edge effects
using estimates of development potential consistent with those developed for the RDSGEIS
economic impact assessment and include the impacts from reasonably foreseeable infrastructure
such as pipelines and compressor stations. Based on the results of the build-out analysis, NYSDEC
should also analyze the potential diminution of critical ecosystem services associated with the
disruption of forest cover and soils (carbon sequestration and storage, air filtration, watershed flow
rates and volume, surface water quality and thermal condition).

1 New York City Mayor’s Office of Environmental Coordination. 2010. City Environmental Review Technical Manual.
" The Nature Conservancy. 2011 . “An Assessment of the Potential Impacts of High Volume Hydraulic
Fracturing on Forest Resources.”
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The RDSGEIS characterizes the ecological impacts of HVHF as “unavoidable” and fails to consider
alternative mitigation approaches that could lessen significant adverse environmental impacts. The
site-specific ecological assessments and mitigation measures required by the RDSGEIS for well
pads in grasslands greater than 30 acres and forest patches greater than 150 acres is a fragmented
approach. It does not address the importance of landscape connectivity between habitat patches,
which is essential to the movement and long-term viability of numerous species. A preferable
methodology would be to set limits on deforestation, fragmentation and increases in impervious
surface cover based upon ecological planning units such as the sub watershed. The SGEIS process
should consider an alternative where rather than the current spacing unit requirements (which are
intended to maximize production), land disturbance would be restricted region wide based on
ecological carrying capacity. An ecologically oriented planning framework could significantly lessen
the adverse impacts of HYHF development on terrestrial and aquatic systems.

In addition, consideration should be given to cumulative changes to land use within each watershed
that could lead to detrimental changes in the affected stream to support critical species habitat.
Limiting the percent increase in impervious area to less than five percent (inclusive of existing uses)
in trout supporting watersheds, including upstream tributaries, would reduce the potential for
adverse impacts to sensitive aquatic organisms and the loss of a waters best use designation.

The RDSGEIS fails to provide any meaningful guidance regarding the ultimate restoration of well
pads, pipeline right-of-ways and access roads to full ecosystem functionality upon decommissioning.
Effective restoration requires a comprehensive, site-level assessment of the existing plant
community prior to disturbance and the use of local reference ecosystems as templates for
restoration. Ecological restoration is based upon the concept of rebuilding degraded areas such that
they are structurally and functionally similar to pre-disturbance conditions. Reclamation is not
restoration. Grassy fields neither function in a biologically similar manner as a forest nor supply the
ecosystem benefits of a forest system. The replacement of a decades-old, complex assemblage of
woodland species with a simple mix of grasses is not “restoration”. It may retard erosion but it does
not replace the original functionality and structure of the displaced ecosystem.

For supporting technical information for these comments and additional comments on ecological
impacts and mitigation measures, refer to the technical report from Kevin Heatley (Attachment 8)
and LBG (Attachment 7).

3.23 Climate Change

The RDSGEIS ignores the real possibility that climate change impacts will undermine the safety of
HVHF operations, frustrate mitigation efforts proposed by NYSDEC, and therefore exacerbate
adverse impacts to the environment and human health resulting from HVHF operations. Increases
in extreme weather events, such as floods, pose considerable obstacles to the safety of HVHF
operations and infrastructure in and around low-lying coastal areas and floodplains. Precipitation
changes coupled with enormous surface and groundwater withdrawals may result in modified
groundwater flow patterns, which may cause unexpected groundwater contamination that
jeopardizes drinking water supplies. Increased temperatures can volatilize dangerous chemical
compounds at drill sites, exposing workers and nearby residents to airborne carcinogens at a rate
greater than would be expected by modeling baseline temperatures without climate change.
Remarkably, the effect of climate change on the availability of water resources is ignored in the
section on the cumulative impact of water withdrawals, and no provision is made for situations where
HVHF operations and public needs may conflict over water usage. Underscoring these concerns is
the notable failure of NYSDEC to conduct a comprehensive Health Impact Assessment, despite the
real possibility that climate change impacts confluent with HVHF operations can pose serious human
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health problems. Reliable reports on the effect of climate change on New York abound, including
some produced within the last year by New York governmental bodies. The RDSGEIS fails to
include current information relevant to climate change’s potential effects on New York State, which
may pose potentially significant adverse environmental and public health threats in conjunction with
HVHF operations that should be identified and mitigated to the maximum extent possible.

For supporting technical information regarding these comments, refer to the technical report from Dr.
Kim Knowlton (Attachment 9).

3.24 Health Impact Assessment

Numerous health concerns have been associated with natural gas development using hydraulic
fracturing, and while the RDSGEIS addresses some aspects of a subset of these health issues, it
fails to address other important health risks. The RDSGEIS not only omits several issues, but also it
only addresses only some aspects of other issues such as air, water quality, and heightened traffic
without fully considering health impacts in those areas. Lastly, it doesn’t consider health issues as a
group in a formal Health Impact Assessment (HIA), including interactive effects on the health of local
residents and communities. A full HIA as part of the RDSGEIS is a necessary component, as there
are already numerous reports of health complaints including dizziness, sinus disorders, depression,
anxiety, difficulty concentrating, and many others, among people who live near natural gas drilling
and fracturing operations in other states. Without a full assessment and mitigation of the impacts of
the risks, the health of New York State residents and communities is likely to suffer.

For supporting technical information regarding these comments, refer to the technical report from Dr.
Gina Solomon (Attachment 10).

3.25 Induced Seismicity

The RDSGEIS fails to require operators of HVHF wells to consider the risk of induced seismicity
when siting wells and designing hydraulic fracture treatments. The justification provided is that high
volume hydraulic fracturing is not expected to cause induced seismicity that will result in adverse
impacts. Since the RDSGEIS was written, hydraulic fracturing has been confirmed to have caused
induced seismicity strong enough to be felt at the surface. The RSDGEIS assumes that operators
will manage seismic risks voluntarily and makes statements regarding the frequency of use of
seismic monitoring techniques that are internally contradictory. It also fails to recognize the potential
significance of unmapped faults and relies too heavily on the occurrence of natural seismicity as a
future predictor of the potential for induced seismicity. Finally, it underestimates the potential
adverse consequences of induced seismicity, which include risks to drinking water, well integrity,
private and public property, and New York City drinking water supply infrastructure. The RSDGEIS
provides insufficient analysis and scientific evidence to support its conclusion that regulations to
reduce the risk of induced seismicity from hydraulic fracturing are not necessary. The RSDGEIS
must require operators to evaluate and manage the risk of induced seismicity from hydraulic
fracturing through proper site characterization and hydraulic fracture treatment design.

For supporting technical information regarding these comments, refer to the technical report from
Briana Mordick (Attachment 11).
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1. Introduction

This report responds to the Natural Resources Defense Council’s (NRDC), and its partner organizations
Earthjustice, Inc., Riverkeeper, Inc., Catksill Mountainkeeper and Delaware Riverkeeper Network,
request for a review of the New York State (NYS) 2011 Revised Draft Supplemental Generic
Environmental Impact Statement (RDSGEIS) on the Oil, Gas & Solution Mining Regulatory Program
Well Permit Issuance for Horizontal Drilling and High-Volume Hydraulic Fracturing to Develop the
Marcellus Shale and Other Low-Permeability Gas Reservoirs and proposed revisions to the New York
Code of Rules and Regulations (NYCRR).

NRDC, and its partners, requested a technical review of the RDSGEIS and the proposed revisions to the
NYCRR to determine if best technology and practices were included. NRDC has also commissioned
additional experts; therefore, this list of recommendations is not exhaustive and is complementary to the
work assigned to other experts. A complete list of expert recommendations can be found in the summary
cover letter submitted by The Louis Berger Group, Inc., on behalf of NRDC, to the New York State
Department of Environmental Conservation (NYSDEC) during the RDSGEIS public comment period.

This report makes recommendations for improving the SGEIS and the proposed revisions to the NYCRR.

Overall, HCLLC found that NYSDEC made a number of significant improvements in both the RDSGEIS

and the proposed revisions to the NYCRR. HCLLC commends NYSDEC for integrating a number of new
best practices and technology alternatives into its 2011 RDSGEIS and proposed regulations.

This report highlights the RDSGEIS areas of improvement and reinforces the importance of retaining
those improvements in the final SGEIS and the proposed NYCRR revisions. However, there remain
significant areas for improvement. This report provides additional technical justification and scientific
support for best practices and technology that warrant further NYSDEC consideration. It also
recommends area of further study. Recommendations are highlighted in blue text boxes throughout the
document.

A systemic problem persists in the 2011 RDSGEIS, where NYSDEC proposes to build on the existing
1992 Generic Environmental Impact Statement (GEIS) for oil and gas drilling in NYS by providing
additional information on the Marcellus Shale reservoir and high-volume hydraulic fracturing without
addressing the fact that the technology and practices required by the 1992 GEIS are over two decades old.

Since 1992, numerous best technology and best management practice improvements have been made in
the oil and gas industry. By relying on 1992-vintage decisions and technology as the foundation for
Marcellus Shale development, NYS’ RDSGEIS starts with an unstable foundation. This problem is
magnified in the proposed revisions to the NYCRR where NYSDEC proposes to retain, with little
revision, antiquated technology and practices for all oil and gas development in NY'S, while proposing
that new technology and practices only apply to HVHF operations. This creates a technically and
scientifically unsupported two-tiered system for oil and gas regulation in NYS.

Accordingly, the first and most logical step in the State Environmental Quality Review Act (SEQRA)
analysis is to examine the 1992 GEIS foundation and identify new best technology and best practice
improvements have been made since 1992 that warrant adoption. Then, and only then, can NYS build a
well-supported incremental analysis that examines the impact of new techniques such as horizontal
drilling and high-volume fracture treatments.
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2. Scope of SGEIS — Marcellus Only

Background: In 2009, NYSDEC proposed that the SGEIS cover all horizontal drilling and HVHF in
low-permeability gas reservoirs, at all depths. However, only the Marcellus Shale Gas Reservoir was
studied in any detail. The DSGEIS was incomplete for all other low-permeability gas reservoirs.

In 2009, HCLLC recommended that NYSDEC either include additional information and analysis on the
impacts of exploring and developing other low-permeability gas reservoirs or limit the scope of the
SGEIS to the Marcellus Shale Gas Reservoir.

NYSDEC’s consultant, Alpha Geoscience, disagreed with HCLLC’s recommendation to limit the SGEIS
scope to the Marcellus Shale, stating that the time to modify the scope had lapsed.' Alpha Geoscience
concluded that it would be best for NYSDEC to determine at a future date, once a specific application
was before them, whether the SGEIS covered High-Volume Hydraulic Fracturing (HVHF) operations in
other low-permeability reservoirs.

HCLLC disagrees with Alpha Geoscience’s recommendation, because it lacks technical and scientific
basis and misconstrues HCLLC’s recommendation. HCLLC did not recommend that other low-
permeability gas reservoirs be excluded from the analysis because they should not be studied at all. On
the contrary, HCCLC recommended that if low-permeability gas reservoirs were included in the SGEIS,
they should be thoroughly studied. The 2009 DSGEIS should have included a complete assessment of the
Marcellus and all other low-permeability gas reservoirs in NY'S; however, it did not. Unfortunately, the
2011 RDSGEIS suffers from the same lack of data on other low-permeability gas reservoirs.

Consequently, there is a technical and scientific choice that needs to be made in declaring whether the
SGEIS content satisfies its title. Either the SGEIS had to be revised to cover all low-permeability gas
formations in NY'S, or the SGEIS had to conclude that NYSDEC has insufficient data and/or resources to
examine anything more than the Marcellus Shale at this time, and limit the scope of the SGEIS.

HCLLC’s 2009 recommendation was made to ensure the SGEIS document title matches its content. The
title of the SGEIS purports to provide an environmental impact analysis on all low-permeability gas
reservoirs, yet, as explained in HCLLC’s 2009 comments, the SGEIS did not provide sufficient analysis
of the Utica Shale, and provided no analysis of the other Lower Paleozoic, Devonian (other than
Marcellus), and Middle to Upper Paleozoic low-permeability gas reservoirs.>’ If NYSDEC has additional
information to support a complete SGEIS for the Marcellus and all other low-permeability gas reservoirs,
it should certainly include that complete assessment.

Unfortunately, the 2011 RDSGEIS suffers from the same narrow focus on the Marcellus shale. There was
little additional work completed to advance NYSDEC’s understanding of exploration and development
impacts from the Utica Shale and other low-permeability gas reservoirs.

! Alpha Geoscience, Review of the DSGEIS and Identification Best Technology and Best Practices Recommendations Harvey
Consulting, LLC, December 28, 2009, prepared for NYSERDA on January 20, 2011, Page 3.

2 Ryder, R.T., 2008, Assessment of Appalachian Basin Oil and Gas Resources: Utica-Lower Paleozoic Total Petroleum System:
U.S. Geological Survey Open-File Report 2008—1287.

3 Milici, R.C., and Swezey, C.S., 2006, Assessment of Appalachian Basin Oil and Gas Resources: Devonian Shale-Middle and
Upper Paleozoic Total Petroleum System: U.S. Geological Survey Open-File Report 2006-1237.
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2011 RDSGEIS: The 2011 RDSGEIS provides some additional information on the Utica Shale Gas
Reservoir, mostly in the form of geologic assessment. However, the RDSGEIS does not examine the peak
or cumulative impacts of Utica Shale development.

No additional information is provided in the 2011 RDSGEIS on other low-permeability gas reservoirs in
the region. The 2011 RDSGEIS states that industry’s main focus in the near term is the Marcellus and
Utica Shales; however, NYSDEC wants to cover all other low-permeability formations in the SGEIS
because it may receive applications in the future for those formations:

The Department of Environmental Conservation (Department) has received applications for
permits to drill horizontal wells to evaluate and develop the Marcellus and Utica Shales for
natural gas production... Other shale and low-permeability formations in New York may
also be targeted for future application of horizontal drilling and high-volume hydraulic
fracturing [emphasis added].”

Chapter 4 provides a geologic description of the Marcellus and Utica shale gas reservoirs; however, no
other low-permeability gas reservoirs are studied. Yet, it is well known that most unconventional
reservoirs vary in mineralogy, permeability, rock mechanics, and natural fracture parameters (length,
orthogonal spacing, connectivity, anisotropy) and that there will be differences between formations that
could lead to different drilling, stimulation, and development techniques.

Chapters 5 and 6 provide an analysis of drilling, fracturing, and development approaches in the Marcellus
Shale Gas Reservoir. Chapters 5 and 6 are essentially silent on how the Utica Shale Gas Reservoir would
be developed. No other low-permeability gas reservoirs are examined.

A search of the 1537 page electronic version of the RDSGEIS for the term “low-permeability gas
reservoirs” shows that the term is only used a few times in the entire document. This term is used twice in
the Executive Summary, where NYSDEC concludes that it has effectively studied “low-permeability gas
reservoir” air quality impacts; yet, as further explained in Chapter 17 of this report there is insufficient
information in the RDSGEIS to support that conclusion. The next occurrence of the term “low-
permeability gas reservoirs” is not found until page 618 in the Air Quality Section, where again,
NYSDEC states that it has included the impacts of “low-permeability gas reservoirs” in the air quality
analysis; yet, there is insufficient information in the RDSGEIS to support that conclusion. The next
occurrence, after the Air Quality Section, is found at page 1008, where NYSDEC defends exclusion of
pipeline and compressor stations. A few minor references to this term are found at page 1071 in Chapter 9
(Alternative Actions). More simply put, the RDSGEIS contents do not match the title, and that there is
insufficient information contained in the RDGSEIS to support development of all unnamed, unanalyzed
low-permeability gas reservoirs in NYS. NYS has not developed a technical or scientific case to justify
that the impacts described for the Marcellus Shale are representative of the peak or cumulative impact that
would result from development of all unnamed, unanalyzed low-permeability gas reservoirs in NYS.

The 2011 RDSGEIS does not include a complete list of the formation names that it considers fit under the
umbrella term of “low-permeability”” formations. The only place that the term “low-permeability”
formation is defined is in the Glossary at the end of the document:

Gas bearing rocks (which may or may not contain natural fractures) which exhibit in-situ
gas permeability of less than 0.10 milidarcies.’

42011 NYSDEC, RDSGEIS, Page 1-1.
52011 NYSDEC, RDSGEIS, Glossary.
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Using this definition, a low-permeability formation could include a shale, sandstone, limestone or other
formation that is gas bearing with a permeability of less than 0.10 milidarcies. The RDSGEIS does not
address the scope of the formations that could be encompassed by this definition.

Figure 4.2 of the RDSGEIS® includes a stratigraphic section showing existing known oil and gas intervals
above the Marcellus and Utica Shales, including numerous shale and other low-permeability formations
that are known to exist, that were not examined in the SGEIS.

Figure 4.2 - Stratigraphic Section of Southwestern New York State
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g | Figure 4.2, RDSGEIS, Annotated by HCLLC
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Revised Draft SGEIS 2011, Page 4-

On the next page is a table summarizing historical oil and gas production data from 1967 to 2010 in
NYS.’ This table shows that there is numerous gas zones present both above and below the Marcellus
Shale that have been producing gas. Some of these reservoirs are low-permeability reservoirs that may be
further developed using horizontal drilling and hydraulic fracturing techniques. Additionally, this table
shows that there has been no Utica Shale production in NY'S from 1967 to 2010; therefore, little is known
about its productivity or how it may be developed.

2011 NYSDEC, RDSGEIS, Page 4-7.

" NYS Oil & Gas Data Summary 1967-2010, compiled by Briana Mordick, NRDC, December 2011, using NYS data found at
|http://www.dec.ny.gov/enerey/1601.html] 1967-1999 data came from summary production history files. 2000-2010 data came
from oil and gas production files.
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NYS Oil & Gas Data Summary 1967-2010

Formation Qil (bbl) Gas (mcf) Oil (bbl) Gas (mcf)
DEVONIAN SHALE 323,975
UPPER DEVONIAN 881,848 DEVONIAN SHALE 376,328 1,208,697
UPPER DEVONIAN SHALE 2,874
Canadaway Undifferentiated
GLADE 1,392,255 449,124
BRADFORD 7,665,427 1,639,511
BRADFORD 1ST & 2ND 21 -
BRADFORD & CHIPMUNK 416,357 676,506
Bradford 1st & Chipmunk 6,609 2,497
CHIPMUNK, BRADFORD 1ST & 2ND 44,943 10,217
CHIPMUNK 7,369,293 1,012,975
CHIPMUNK & BRADFORD 2ND 2,454,948 16,415
BRADFORD SECOND 21,724 2,520
CHIPMUNK, BRADFORD 2ND & 3RD 237,195 162,809 CANADAWAY UNDIFFERENTIATED 23,945,472 7,271,139
Upper Chipmunk, Bradford 1st,2nd,3rd 9,719 8,321
BRADFORD 2ND & 3RD 37,780 9,353
CHIPMUNK & BRADFORD 3RD 33,186 34,858
Chipmunk & Harrisburg 2,442 1,026
. Harrisburg 1,682 -
bevonian scio 137,258 2,520
PENNY 13,232 46,567
PENNY & FULMER VALLEY 42,660 71,003
RICHBURG 4,057,637 3,121,677
RICHBURG-WAUGH & PORTER 1,104 3,240
Canadaway PERRYSBURG - 395
BRADFORD THIRD 228,582 112,002
CLARKSVILLE 39,387 36,864 PERRYSBURG 2,055,287 4,746,392
WAUGH & PORTER 42,100 247,245
FULMER VALLEY 1,745,218 4,349,886
Nunda - -
RHINESTREET - 3,409
08 64 08 64
Middle MARCELLUS - 747,399 | MARCELLUS s 747,399
O 0 OR 0 b
Lower DERBER 0,230,4 DERBER 0,230,4
ONONDAGA-BA AND 0 89
BA A D 0 0 9,620 A A D 80,509 9,416,09
A A D D A 6,39 08
A O 9 3 A O 9
SALINA 1,278 5,778
CAMILLUS - 60
Upper SYRACUSE 570 2,338
VERNON - 358,405
CLINTON - 87,231
LOCKPORT - 69,528
Silurian ROCHESTER SHALE - 70,693
SAUQUOIT - 210
SODUS SHALE 164,071
514,545,705
GRIMSBY 1,501,854 MEDINA 213,688 521,205,687
WHIRLPOOL 893,326
Lower MEDINA-QUEENSTON 4,264,802
HERKIMER 5,849,567
HERKIMER-ONEIDA 1,178,375
ONEIDA 1,024,647 HERKIMER-ONEIDA-OSWEGO 9,169,025
ONEIDA-OSWEGO 1,094,384
QUEENSTON 56,439,648 QUEEN \ 56,439,648
Upper OSWEGO 22,052
Ordovician UTICA - -
Middle
LITTLE FALLS 501,440 LITTLE FALLS 501,440
Cambrian | Upper THERESA 3,588,222 THERESA 3,588,222
POTSDAM - -
NYS Oil & Gas Data Summary 1967-2010, compiled by Briana Mordick, NRDC, December 2011.
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Using the Marcellus Shale impact assessment and proposed mitigation measures as a surrogate for peak
and cumulative impact assessment in the Utica and all other unnamed low-permeability formations is an
inadequate approach.

For example, the Utica Shale Gas Reservoir is almost twice as deep as the Marcellus Shale Gas Reservoir.
The Utica Shale dips to 9,000” deep,® while the Marcellus Shale is approximately 5,000 deep.’ Utica
Shale wells will take longer to drill than Marcellus Shale wells, generating more air pollution and drilling
waste, HVHF waste and resulting in longer duration surface impacts (e.g. noise, light, fuel and chemical
storage periods, etc.). Additionally, waste generated translates into additional transportation and surface
use impacts. Utica Shale development will also require more resources and equipment. Deeper shale gas
formations will have higher reservoir pressure, and will penetrate more known oil and gas zones before
reaching the Utica Shale, meaning increased blowout risk. Higher reservoir pressure will require
additional combustion equipment to meet higher pump pressure and energy demands. Deeper wells can
have more complex well construction designs. Fully cemented casing strings will be more difficult to
complete at deeper depths and higher temperature cement mixtures will be required if subsurface
temperatures exceed 200 °F. Therefore, the maximum impact assessment for a Marcellus Shale well is not
sufficient to examine the maximum impact of a Utica Shale well.

Additionally, there is little information in Petroleum Engineering technical literature on the Utica Shale,
and how it may be effectively developed. The 2011 RDSGEIS assumes that the Utica Shale will be
developed using the same exact techniques as the Marcellus Shale; however, this may not be the case.
For example, a 2007 a paper prepared by Universal Well Services Inc., CESI Chemical A Flotek
Industries Co., in collaboration with the State University of New York noted some significant differences
in the Utica Shale, and the likelihood for a unique stimulation method:

The primary purpose of stimulating fractured shale reservoirs is the extension of the
drainage radius via création of a long fracture sand pack that interconnects with natural
fractures thereby establishing a flow channel network to the wellbore. However, there is
limited understanding of a successful method capable of stimulating Utica Shale
reservoirs. Indeed most attempis to data have yielded undesirable results. This could be
aue to several factors, including formation composition, entry pressure, and premature
pad fluid leak-off. Furthermore, stimulation of Utica shale reservoirs with acid alone has
not been successful. This treatment method leads to a fracture length and drainage radius
less than expected resulting in poor well productivity [emphasis added].”’

...several recently drilled Utica shale wells have not responded well to the normal shale
fracturing practices. An_understanding of Utica shale mineraloqy and rock mechanics
is necessary before a stimulation method and fluid are selected [emphasis added].”

Additionally, the authors point out that the Utica, unlike the Marcellus, contains a high percentage of acid
soluble carbonate and dolomite that may require chemical treatment (e.g. acids) to treat the carbonates
and dolomite to reduce entry pressures. They suggest that an acid stimulation treatment could potentially
be the main stimulation method instead of a HVHF, or alternatively be added as an additional pre-

$2009 NYSDEC, DSGEIS, Page 4-5.
?2009 NYSDEC, DSGEIS, Page 4-14.
10 paktinat, J., Pinkhouse, J.A., and Fontaine, J., (Universal Well Services Inc.), Lash, G. G., State University of New York

College at Fredonia, Penny, G.S., CESI Chemical A Flotek Industries Co., Investigation of Methods to Improve Utica Shale
Hydraulic Fracturing in the Appalachian Basin, Society of Petroleum Engineers, SPE Paper 111063, 2007, Page 1.

" Paktinat, J., Pinkhouse, J.A., and Fontaine, J., (Universal Well Services Inc.), Lash, G. G., State University of New York
College at Fredonia, Penny, G.S., CESI Chemical A Flotek Industries Co., Investigation of Methods to Improve Utica Shale
Hydraulic Fracturing in the Appalachian Basin, Society of Petroleum Engineers, SPE Paper 111063, 2007, Page 2.
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treatment to a HVHF. The Utica also contains a higher percentage of clays than the Marcellus, and has the
potential to generate both siliceous and organic fines that may require additional chemical treatment.

Moreover, there are low-permeability gas reservoirs that are present at depths shallower than the
Marcellus Shale, which were not studied at all. Those unnamed, unanalyzed low-permeability reservoirs
are in closer proximity to protected water resources, and warrant a complete technical and scientific
assessment. Most importantly, HVHF modeling and fracture design requirements should be established to
ensure that man-made induced fractures in these shallower reservoirs do not propagate in a manner that
pollutes protected groundwater resources. Man-made induced fractures in shallower formations will tend
to propagate on the horizontal plane; however, the size of that horizontal fracture must be constrained so
that it does not intersect with existing improperly constructed or improperly abandoned wells or
transmissive faults and fractures that can provide a direct pollution pathway to protected groundwater
resources.

Best technology and best practices and cumulative impacts, in many cases, are reservoir specific. Because
the RDSGEIS does not contain information on the depth, type, activity, or equipment requirements for the
general category called “other low-permeability gas reservoirs,” it is not possible to determine if the
maximum impact assessment for a Marcellus Shale well sufficiently covers the maximum impact from
“other low-permeability gas reservoirs.” Nor is it possible to determine whether best technology and best
practices developed for the Marcellus Shale would apply to the Utica Shale since there is very little
information and understanding of the optimal Utica Shale stimulation method at this time.

Recommendation No. 1: The SGEIS should either include additional information and analysis
on the impacts of exploring and developing the Utica Shale and other unnamed low-permeability
gas reservoirs, or acknowledge that there is insufficient information and analysis to study the
impacts of this development. In the latter case, the SGEIS should conclude that its examination of
impacts and mitigation measures is limited to the Marcellus Shale Gas Reservoir, and therefore
any Utica Shale or other unnamed low-permeability gas reservoir development will warrant a
site-specific supplemental environmental impact statement review or should be covered under
another, future SGEIS process.
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3. Liquid Hydrocarbon Impacts (Oil and Condensate)

Background: NYS 2009 Annual Oil and Gas Report'? show that NYS produced 323,536 barrels of oil in
2009, primarily from the western counties of:

Cattaraugus 201,688 barrels

Allegany 47,421 barrels
Chautauqua 40,187 barrels
Steuben 9,992 barrels

NYSDEC did not separately report the amount of condensate or natural gas liquids production.

Chapter 2 of this report includes a table summarizing oil and gas production from 1967 to 2010 in NYS,
showing that oil gas been produced from above the Marcellus and Utica Shale formations, verifying the
potential to encounter liquid hydrocarbons while drilling into the Marcellus and Utica formations.

2011 RDSGEIS: The 2011 RDSGEIS describes natural gas exploration and production, but does not
address the potential for shale gas wells to also encounter liquid hydrocarbons. Natural gas exploration
can identify oil and condensate development opportunities. If liquid hydrocarbons are found while drilling
a shale gas well, additional wells and drillsites may be needed to develop those oil resources.

Liquid hydrocarbons found during natural gas exploration have the potential to contaminate the
environment through spills and well blowouts. The risk of oil spills during shale gas exploration has not
been analyzed in the RDSGEIS. While blowouts are infrequent, they do occur, and are a reasonably
foreseeable consequence of exploratory drilling operations. Blowouts can occur from gas and/or oil
wells. They can last for days, weeks, or months until well control is achieved. On average, a blowout
occurs in 7 out of every 1,000 onshore exploration wells. " Two recent gas well blowouts occurred in
Pennsylvania due to Marcellus Shale drilling.'*"

The 2011 RDSGEIS provided several useful maps and a stratigraphic section that aid in understanding the
overlap of NYS’ oil and gas production intervals. Figure 4.2 includes a Stratigraphic Section of
Southwestern NY'S that shows oil is produced from the Upper Devonian, at shallower depths than the
Marcellus Shale, meaning that wells drilled in this region may encounter oil before penetrating the
Marcellus. An annotated version of Figure 4.2 is also shown in Chapter 2 of this report. Figures 4.8 and
4.9 indicate that there is an overlap of current oil production with possible Marcellus Shale development
in Cattaraugus, Allegany, Chautauqua, and Steuben counties.

Oil is also found below the Marcellus Shale and above the Utica Shale in the Upper Silurian. Therefore
wells drilled into the Utica Shale may encounter oil before penetrating the Utica. Figure 4.6 indicates that
there is an overlap of current oil production with possible Utica Shale development in Steuben County.

12 New York State Oil, Gas and Mineral Resources, 26™ Annual Report for Year 2009 and Appendices, Prepared by NYSDEC,
2009.

13 Rana, S., Environmental Risks- Oil and Gas Operations Reducing Compliance Cost Using Smarter Technologies, Society of
Petroleum Engineering Paper 121595-MS, Asia Pacific Health, Safety, Security and Environment Conference, 4-6 August 2009,
Jakarta, Indonesia, 2009.

14 Blowout Occurs at Pennsylvania Gas Well, Wall Street Journal, June 4, 2010.

15 Pennsylvania Fracking Spill: Natural Gas Well Blowout Spills Thousands of Gallons of Drilling Fluid, The Huffington Post,
April 20, 2011.
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There are low-permeability gas reservoirs that are present at depths both shallower and deeper than the
Marcellus Shale, which were not studied in detail in the RDSGEIS. Absent geologic maps for these
unnamed, unanalyzed low-permeability reservoirs, it is not clear where oil development and shale gas
development overlap for these reservoirs may occur.

Recommendation No. 2: The SGEIS should examine the potential for shale gas wells to also
encounter liquid hydrocarbons. The SGEIS should also examine the incremental risks of oil well
blowouts and oil spills, as well as the impacts from the additional wells and drillsites that may be
required to develop oil resources identified by shale gas exploration and production activities.

Review of NYS 2011 RDSGEIS and Proposed Revisions to NYCRR Page 11 of 183



Harvey Consulting, LLC. Report to NRDC January 2012

Background: The regulations promulgated under the federal Safe Drinking Water Act (SDWA) define an
Underground Source of Drinking Water (USDW) as an aquifer or part of an aquifer, which is not
exempted (per 40 CFR § 146.4), and: (1) which supplies a public water system; or (2) which contains a
sufficient quantity of groundwater to supply a public water system and either supplies drinking water for
human consumption or contains fewer than 10,000 milligrams/liter of Total Dissolved Solids (TDS)
[10,000 ppm TDS]. 40 CFR § 144.3. An EPA diagram depicting a USDW is shown below.'®

Underground Source of Drinking Water Includes:
Drinkable Quality Water (<3,000 TDS)

And
Useable Quality Water (3,000-10,000 TDS)

Brine - Salt Water (>10,000 TDS)

The 2011 RDSGEIS: The 2011 RDSGEIS is based on the protection of potable water as defined as water
containing less than 250 ppm of sodium chloride or 1,000 ppm TDS. The RDSGEIS states:

For oil and gas regulatory purposes, potable fresh water is defined as water containing
less than 250 ppm of sodium chloride or 1,000 ppm TDS and salt water is defined as
containing more than 250 ppm sodium chloride or 1,000 ppm TDS [emphasis added].”

The RDSGEIS identifies 850’ as the depth where 250 ppm of sodium chloride or 1,000 ppm TDS is
typically reached, however the RDSGEIS notes that in some cases potable water is found deeper than
850°.

16 USEPA, Karen Johnson, Chief Ground Water & Enforcement Branch, 2010 PowerPoint Presentation, EPA’s Underground
Injection Control Program, Regulation of Disposal Wells in Pennsylvania.

72011 NYSDEC, RDSGEIS, Page 2-23.
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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 [emphasis added].”

By comparison, USDWs are based on a TDS cutoff of 10,000 ppm. The RDSGEIS has not explained why
it proposes, and NY'S regulations rely on, a 1,000 ppm TDS threshold instead of the federally required
USDW threshold of 10,000 ppm TDS.

Ohio issued updated Oil and Gas Well Construction Rules on October 28, 2011, that require surface
casing and intermediate casing to be set to protect the deepest underground source of drinking water
(USDW); Ohio’s rules are based on the 10,000 ppm federal TDS threshold."

Recommendation No. 3: The SGEIS and the NYCRR should require wells to be constructed to
protect Underground Sources of Drinking Water (USDWs), as defined by the Safe Drinking
Water Act.

NYS’ use of a 1,000 ppm TDS cut-off instead of the USDW threshold of 10,000 ppm TSD is a two-fold
problem: First, the RDSGEIS states that surface casing (“water protection piping”) setting depths will be
925’ if no other data is available.”® The 925’ surface casing setting depth is based on an 850” base plus
75°*! where NYSDEC has assumed that TDS will exceed 1,000 ppm at deeper than 850°. The 925
casing setting depth does not take into account the fact that drinking water, under the SDWA definition of
a USDW, could exist at depths below 850°. Therefore the RDSGEIS has not provided scientific
justification for the default 925’ casing setting depth, nor has it explained how such a proposal comports
with federal law.

Second, the entire RDSGEIS is premised on the conclusion that a HVHF well initiated at a depth of
2,000’ would be safe, because NYSDEC assumes that NYS does not have any drinking water resources
deeper than 850° deep. However, the RDSGEIS does not indicate that any examination of the depth of
10,000 ppm TDS water or of the availability of drinking water resources below 850’ has been or will be
conducted and, therefore, cannot support its 850° assumption.

Additionally, the RDSGEIS states that potable water is found deeper than 850°. Therefore, the 2,000’
threshold depth for initiating a HVHF under this SGEIS requires re-evaluation. And as explained in
Chapter 10 of this report, HCLLC is recommending that initial drilling and completions occur below
4,000°, while site-specific data is gathered in NYS to justify safe drilling at shallower depths.

182011 NYSDEC, RDSGEIS, Page 2-23.

19 Proposed Ohio Oil and Gas Well Construction Rules, October 28, 2011, currently under public review and comment.
222011 NYSDEC, RDSGEIS, Page 7-50.

21 See Chapter 6 of this report, where a 100” buffer is recommended, instead of 75°.
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Recommendation No. 4: The SGEIS should re-examine the 925’ casing default setting and the
2000” HVHF cut-off, and justify how these proposed thresholds will protect USDW sources.
Protecting to a 10,000 ppm TDS standard will likely increase both depths.

The SGEIS should include data on the location of Underground Sources of Drinking Water
(USDWs), as defined by the Safe Drinking Water Act, across NYS. The SGEIS should include
USDW maps for all areas that will be affected by the proposed scope of the SGEIS. This data will
be an important tool for industry and the public alike to ensure USDWs are protected.

NYCRR Proposed Revisions: Well construction regulations at 6 NYCRR § 550-559 instruct operators to
construct oil and gas wells in a manner that protects potable fresh water, i.e., only water containing less
than 250 ppm of sodium chloride or less than 1,000 ppm of TDS. 6 NYCRR § 550.3 (ai).

The NYCRR does not protect, under its definition of “potable fresh water,” water resources with less than
10,000 ppm TDS but greater than 1,000 ppm TDS, which could qualify as USDWs under the Safe
Drinking Water Act. See 40 CFR §§ 144.3, 146.4.

Regulations at 6 NYCRR § 554.1 require operators to prevent pollution to “surface or ground fresh
water”; however, this term is not defined by the NYCRR, so it is unclear what additional groundwater

beyond “potable fresh water” would be protected or how.

Recommendation No. 5: The NYCRR should be consistent with federal law [Underground
Sources of Drinking Water (USDWs)] or NYSDEC should propose more protective standards for
NYS if needed to protect NYS’ future water supply needs, if the federal threshold is found
insufficient.
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9. Gonductor Casing

Background: In 2009, HCLLC recommended the NYCRR and the SGEIS be revised to include
conductor casing construction standards. While a number of changes were made to improve conduct
casing requirements in the RDSGEIS, the proposed revisions to the NYCRR do not include conductor
casing construction standards. Please refer to HCLLC’s September 16, 2009 Report, New York State
(NYS) Casing Regulation Recommendations for more specific recommendations on conductor casing and
the technical basis for HCLCC’s recommendations.

Conductor casing construction standards are only partially addressed in the 2011 RDSGEIS, under
Appendix 10, Proposed Supplementary Permit Conditions for HVHF, and Appendix 9, Existing Fresh
Water Supplementary Permit Conditions Required for Wells Drilled in Primary and Principal Aquifers.

2011 RDSGEIS: The 2011 RDSGEIS Appendix 9, Existing Fresh Water Supplementary Permit
Conditions Required for Wells Drilled in Primary and Principal Aquifers, includes a conductor casing
requirement that limits drilling fluid types. The requirement excludes synthetic muds and oil based muds
from being used while drilling shallow sections of the wellbore.

Any hole drilled for conductor or surface casing (i.e., “water string”’) must be drilled on
air, fresh water, or fresh water mud. For any holes drilled with mua, techniques for
removal of filter cake (e.g., spacers, additional cement, appropriate flow regimes) must
be considered when designing any primary cement job on conductor and surface casing.

Excluding synthetic muds and oil based muds from being used while drilling shallow sections of the
wellbore is a best practice.

Appendix 9 also includes procedures for ensuring conductor pipe is cemented from top to bottom, and
firmly affixed in a central location in the wellbore, with a continuous, equally thick layer of cement
around the pipe.

If conductor pipe is used, it must be run in a drilled hole and it must be cemented back to
surface by circulation down the inside of the pipe and up the annulus, or installed by
another procedure approved by this office. Lost circulation materials must be added to
the cement to ensure satisfactory results.

Additionally, at least two centralizers must be run with one each at the shoe and at the
middle of the string. In the event that cement circulation is not achieved, cement must be
grouted (or squeezed) down from the surface to ensure a complete cement bond. In lieu of
or in combination with such grouting or squeezing from the surface, this office may
require perforation of the conductor casing and squeeze cementing of perforations. This
office must be notified hours prior to cementing operations and cementing
cannot commence until a state inspector is present.

The 2011 RDSGEIS Appendix 10, Proposed Supplementary Permit Conditions for HVHF, includes a
conductor casing condition that states:

When drive pipe (conductor casing) is left in the grouna, a pad of cement shall be placed
around the well bore to block the downward migration of surface pollutants. The pad
shall be three feet square or, if circular, three feet in diameter and shall be crowned up to
the drive pipe (conductor casing), unless otherwise approved by the Department.
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NYCRR Proposed Revisions: In summary, NYSDEC has included important conductor casing
construction guidelines in the 2011 RDSGEIS for wells drilled in primary and principal aquifer areas and
HVHF wells, but has not proposed to codify those changes in the NYCRR.

The conductor casing construction guidelines listed in the 2011 RDSGEIS should apply to all wells in
NYS, and should not just be limited to wells drilled in primary and principal aquifer areas and HVHF
wells. These are best practices for construction of all oil and gas wells.

NYSDEC should set a conductor casing depth criterion, requiring conductor casing be set to a sufficient
depth to provide solid structural anchorage. Also, the regulations should specify that conductor casing
design be based on site-specific engineering and geologic factors.

Recommendation No. 6: Conductor casing requirements listed in the Proposed Supplementary
Permit Conditions for HVHF and Existing Fresh Water Supplementary Permit Conditions
Required for Wells Drilled in Primary and Principal Aquifers should be codified in the NYCRR
and should apply to all wells drilled in NYS, not just HVHF wells. Additionally, NYSDEC
should set a conductor casing depth criterion, requiring conductor casing be set to a sufficient
depth to provide a solid structural anchorage. Regulations should specify that conductor casing
design be based on site-specific engineering and geologic factors.
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6. Surface Casing

Background: In 2009, HCLLC recommended the NYCRR be revised to include additional surface
casing construction standards. Please refer to HCLLC’s September 16, 2009 Report, New York State
(NYS) Casing Regulation Recommendations for more specific recommendations on surface casing the
technical basis for HCLCC’s recommendations.

Surface casing plays a very important role in protecting groundwater aquifers, providing the structure to
support blowout prevention equipment, and providing a conduit for drilling fluids while drilling the next
section of the well.

The drilling engineer determines the depth of surface casing installation with these key factors in mind:
surface casing should stop above any significant pressure or hydrocarbon zone, ensuring the blowout
preventer can be installed prior to drilling into a pressure or hydrocarbon zone, and surface casing should
provide a protective barrier to prevent hydrocarbons from contaminating aquifers when the well is drilled
deeper (below the surface casing) into hydrocarbon bearing zones.

Stray gas may impact ground water and surface water from poor well construction practices. Properly
constructed and operated oil and gas wells are critical to mitigating stray gas and thereby protecting water
supplies and public safety. If a well is not properly cased and cemented, natural gas in subsurface
formations may migrate from the wellbore through bedrock and soil. Stray gas may adversely affect
water supplies, accumulate in or adjacent to structures such as residences and water wells, and has the
potential to cause a fire or explosion.

Instances of improperly constructed wellbores leading to the contamination of drinking water with natural
gas are well documented in Pennsylvania.”> Gas well leaks from improperly constructed gas wells have
resulted in contamination of the Susquehanna River and adjacent private water supply wells.”> A 2011
Duke University study covering Pennsylvania and New York found methane contamination of drinking
water associated with shale-gas extraction. Duke University found that methane concentrations were 17
times higher, on average, in drinking water wells in active drilling and extraction areas than in wells in
nonactive areas.”*

The 2011 RDSGEIS and the proposed revisions to the NYCRR include important improvements for
surface casing. Overall, NYS’ surface casing requirements are fairly robust when the NYCRR, guidance
documents, and standard stipulations are combined. NYSDEC proposed a number of substantial
improvements in the surface casing requirements, most notably improved cement quality, casing quality,
and installation techniques.

This chapter reviews the proposed changes and supports the improvements that have been made. It also
makes suggestions for improved regulatory clarity and adds a few additional recommendations for
NYSDEC to consider in completing its surface casing regulatory program revision.

22 See, 6.g., DEP Reaches Agreement with Cabot to Prevent Gas Migration, Restore Water Supplies in Dimock Township,
Agreement Requires DEP Approval for Well Casing, Cementing, November 4, 2009, available at http://www.portal.
state.pa.us/portal/server.pt/community/newsroom/14287?id=2418& typeid=1.

2 See, 6.9., DEP Monitors Stray Gas Remediation in Bradford County Requires Chesapeake to Eliminate Gas Migration,
Chesapeake Commits to Evaluate, Remediate All PA Wells to Conform with Improved Casing Regulations, September 17, 2010,
available at| http://www.portal.state.pa.us/portal/server.pt/ !community/newsroom/ 14287?id=14274&typeid=1.

24 Osborn, S.G., A. Vengosh, N.R. Warner, R.B. Jackson, 2011 Methane contamination of drinking water accompanying
gas- well drilling and hydraulic fracturing, Proceedings of the National Academy of Sciences, U.S.A.; DOI:
10.1073/pnas.1100682108, Page 2.
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The main recommendation in this section is to streamline surface casing regulations by amending the
NYCRR to include requirements contained in the 2011 RDSGEIS and standard stipulations. As proposed,
NYSDEC has included a number of surface casing requirements in the 2011 RDSGEIS at Appendices 8,
9, and 10 (Proposed Permit Conditions). NYSDEC also included some, but not all, of these requirements
in the NYCRR. Unfortunately, there are a number of inconsistencies between the permit conditions and
the NYCRR that create uncertainty about what will be required.

Additionally, there are a number of new surface casing requirements proposed for HVHF wells that are
standard industry best practices for all oil and gas wells. These requirements should be included in the
NYCRR Part 554 (drilling practices for all oil and gas wells), and not just contained in NYCRR Part 560
(drilling practices for HVHF wells).

In 2009, HCLLC recommended that improved casing and cementing practices be codified in the NYCRR,
rather than through a combined patchwork of permit conditions and regulations. HCLLC’s concern was
that the proposed requirements, in a number of cases, were inconsistent with existing regulations, and
could be more efficiently consolidated into a single, more concise set of regulations.

NYSDEC’s consultant Alpha Geoscience disagreed. Alpha Geoscience concluded that it would be more
logical to use a patchwork of regulations, add a long list of conditions to each permit, and forgo
regulatory revision.

Harvey Consulting suggests that NYSDEC revise the NYS oil and gas regulations to
specifically address new casing and cementing practices and fresh water aquifer
supplementary permit conditions. The purpose of the SGEIS, however, is not to revise
regulations. The purpose of the Proposed Supplementary Permit Conditions for shale gas
activities is to customize the existing regulations and guideline framework to fit new and
changing industry, relieving the need for frequent regulatory changes. Permit conditions
must be met by the party seeking a permit for a proposed action, so whether or not the
permit conditions are included in the New York State regulations is irrelevant?

HCLLC disagrees with Alpha Geoscience’s recommendation. It is relevant whether new requirements are
found in regulation or a permit condition. Foremost, revising the outdated NYCRR provides simplicity
and clarity for industry and the public. It provides a concise set of co-located rules. Conversely, layering a
complex patchwork of permit conditions on outdated NYCRR creates confusion, inconsistency, and
enforcement challenges. Furthermore, permit conditions can be revised and modified by staff, without
public review, and can be applied in a more discretionary manner. Regulations are not discretionary, and
are not subject to modification without a formal public review process. Therefore, HCLLC recommends
that requirements that apply to all wells be codified in the NYCRR, and permit conditions be reserved for
site-specific, project-specific requirements. This will improve clarity and certainty for industry and the
public alike, and will afford NYSDEC the opportunity to apply site-specific, project specific requirements
to address unique project issues.

NYSDEC evidently agreed with HCLLC’s recommendation to revise the NYCRR by proposing revisions
for public review; however, the regulations have only been partially updated to include new surface
casing best practices. Therefore inconsistency remains, and needs resolution.

Recommendation No. 7: The surface casing and cementing requirements should be consistent
throughout the SGEIS text and with the NYCRR.

» Alpha Geoscience, Review of the DSGEIS and Identification Best Technology and Best Practices Recommendations, Harvey
Consulting, LLC, December 28, 2009, prepared for NYSERDA on January 20, 2011, Page 13.
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An analysis of the proposed RDSGEIS conditions found in Appendices 8, 9, and 10 is provided below
and compared to the proposed NYCRR revisions. Recommendations are made to improve consistency in
the documents and highlight additional best practices that should be considered.

The 2011 RDSGEIS: It appears that NYSDEC’s intent is to require that all wells meet the minimum
standards found at Appendix 8 (NYSDEC’s Casing and Cementing Practices), and then layer on
additional requirements for wells drilled in primary and principal aquifers (Appendix 9 Existing Fresh
Water Supplementary Permit Conditions Required for Wells Drilled in Primary and Principal Aquifers).
It appears that a third layer of requirements will be applied to wells that undergo HVHF stimulation
treatments (Appendix 10 Proposed Supplementary Permit Conditions for HVHF).

Therefore, it is assumed that a shale gas well that is drilled in a primary and principal aquifer, and will
undergo a HVHF stimulation treatment must meet all the conditions found in Appendices 8, 9, and 10;
however, this would not be possible because the permit conditions are discordant. An evaluation of these
layered conditions reveals inconsistencies, as explained in the text and summary table below.

The 2011 RDSGEIS Appendix 8: Appendix 8 Casing and Cementing Practices requires: surface casing
be set at least 75’ below freshwater or at least 75 into bedrock, whichever is deeper; surface casing be set
before hydrocarbons are encountered; new pipe be used (or used pipe if tested); and centralizers and
cement baskets be used.

2. Surface casing shall extend at least 75 feet beyond the deepest fresh water zone
encountered or 75 feet into competent rock (bedrock), whichever is deeper,
unless otherwise approved by the Department. However, the surface pipe must be
set deeply enough to allow the BOP [blow-out preventer] stack to contain any
formation pressures that may be encountered before the next casing is run.

3. Surface casing shall not extend into zones known to contain measurable
quantities of shallow gas. In the event that such a zone is encountered before the
fresh water is cased off, the operator shall notify the Department and, with the
Department's approval, take whatever actions are necessary to protect the fresh
water zone(s).

4. All surface casing shall be a string of new pipe with a mill test of at least 1,100
pounas per square inch (psi), unless otherwise approved. Used casing may be
approved for use, but must be pressure tested before drilling out the casing shoe
or, if there is no casing shoe, before drilling out the cement in the bottom joint of
casing. If plain end pipe is welded together for use, it too must be pressure tested.
The minimum pressure for testing used casing or casing joined together by
welding, shall be determined by the Department at the time of permit application.
The appropriate Regional Mineral Resources office staff will be notified six
hours prior to making the test. The results will be entered on the drilling log.

5. Centralizers shall be spaced at least one per every 120 feet: a minimum of two
centralizers shall be run on surface casing. Cement baskets shall be installed
appropriately above major lost circulation zones.?

Appendix 8 requires the use of: 25% excess cement, spacer fluids between the drilling muds and cement,
and lost circulation additives. Appendix 8 also requires that gas flows or lost circulation be addressed and

262011 NYSDEC, RDSGEIS, Appendix 8, Page 1.
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the hole be conditioned before cementing. NYSDEC reserves the right to require a cement evaluation log
if cement does not return to the surface.

6. Prior to cementing any casing strings, all gas flows shall be killed and the
operator shall attempt to establish circulation by pumping the calculated volume
necessary to circulate. If the hole is dry, the calculated volume would include the
pipe volume and 125% of the annular volume. Circulation is deemed to have
been established once fluid reaches the surface. A flush, spacer or extra cement
shall be used to separate the cement from the bore hole spacer or extra cement
shall be used to separate the cement from the bore hole fluids to prevent dilution.
If cement returns are not present at the surface, the operator may be required to
run a log to determine the top of the cement.

7. The pump and plug method shall be used to cement surface casing, unless
approved otherwise by the Department. The amount of cement will be determined
on a site-specific basis and a minimum of 25% excess cement shall be used, with
appropriate lost circulation materials, unless other amounts of excesses are
approved or specified by the Department. %

Appendix 8 requires: the water used in the cement be tested for pH and temperature; the cement be
prepared according to manufacturer specifications; and the cement be allowed to harden to a compressive
strength of at least 500 psi before being disturbed.

8. The operator shall test or require the cementing contractor to test the mixing
water for pH and temperature prior to mixing the cement and to record the
results on the cementing ticket.

9. The cement slurry shall be prepared according to the manufacturer's or
contractor's specifications to minimize free water content in the cement.

10. After the cement is placed and the cementing equipment is disconnected, the
operator shall wait until the cement achieves a calculated compressive strength
of 500 psi before the casing is disturbed in any way. The waiting-on-cement
(WOC) time shall be recorded on the drilling log.

The 2011 RDSGEIS Appendix 9: Appendix 9, Existing Fresh Water Supplementary Permit Conditions
Required for Wells Drilled in Primary and Principal Aquifers, applies to wells drilled in primary and
principal aquifer zones. Appendix 9 includes conditions that require: surface casing to be set at least 100’
below the deepest freshwater zone and at least 100’ into bedrock; the annulus be at least 1-1/4” wide to
optimize cement placement and cement sheath width: the entire annulus be cemented, using at least 50%
excess cement; the cement design include additives to control lost circulation; centralizers be run at least
every 120’; new pipe be used (or reconditioned tested pipe); and NYSDEC be notified and present for
cementing operations.

272011 NYSDEC, RDSGEIS, Appendix 8, Pages 1-2.
282011 NYSDEC, RDSGEIS, Appendix 8, Page 2.
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A surface casing string must be set at least 100' below the deepest fresh water zone and
at least 100" into bedrock. If shallow gas is known to exist or is anticipated in this
bedrock interval, the casing setting depth may be adjusted based on site-specific
conditions provided it is approved by this office. There must be at least a 24" difference
between the diameters of the hole and the casing (excluding couplings) or the clearance
specified in the Department’s Casing and Cementing Practices, whichever is greater.
Cement must be circulated back to the surface with a minimum calculated 50% excess.
Lost circulation materials must be added to the cement to ensure satisfactory results.
Additionally, cement baskets and centralizers must be run at appropriate intervals with
centralizers run at least every 120'. Pipe must be either new APl graded pipe with a
minimum internal yield pressure of 1,800 psi or reconditioned pipe that has been tested
internally to a minimum of 2,700 psi. If reconditioned pipe is used, an affidavit that the
pipe has been tested must be submitted to this office before the pipe is run. This office
must be notified hours prior to cementing operations and cementing cannot
commence until a state inspector is present®

Appendix 9 requires the surface hole be drilled using compressed air or Water-Based Muds (WBM),
meaning no Synthetic-Based Muds (SBM) or Oil-Based Muds (OBM) may be used.

Any hole drilled for conductor or surface casing (i.e., “water string”) must be drilled on
air, fresh water, or fresh water mud. For any holes drilled with mua, techniques for
removal of filter cake (e.g., spacers, additional cement, appropriate flow regimes) must
be cansgll')dered when designing any primary cement job on conductor and surface

casing.

As found in Appendix 9, freshwater zone depths and the potential for shallow gas hazards must be
estimated and documented in drilling applications; actual data must be collected during drilling to identify
any freshwater zones and shallow gas hazards that require additional NYSDEC review and approval.

If multiple fresh water zones are known to exist or are found or if shallow gas is present,
this office may require multiple strings of surface casing to prevent gas intrusion ana/or
preserve the hydraulic characteristics and water quality of each fresh water zone. The
permittee must immediately inform this office of the occurrence of any fresh water or
shallow gas zones not noted on the permittee’s drilling application and prognosis. This
office may require changes to the casing and cementing plan in response to unexpected
occurrences of fresh water or shallow gas, and may also require the immediate,
temporary cessation of operations while such alterations are developed by the permittee
and evaluated by the Department for approval. '

Appendix 9 requires cement fill the surface casing annulus, and if cement placement in the annulus is not
initially successful, additional cement must be pumped into the annulus until it is filled with cement.

In the event that cement circulation is not achieved on any surface casing cement job,
cement must be grouted (or squeezed) down from the surface to ensure a complete
cement bond. This office must be notified hours prior to cementing opeérations
and cementing cannot commence until a state inspector is present. In ligu of or in

22011 NYSDEC, RDSGEIS, Appendix 9, Page 1.
392011 NYSDEC, RDSGEIS, Appendix 9, Page 1.
312011 NYSDEC, RDSGEIS, Appendix 9, Page 2.
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combination with such grouting or squeezing from the surface, this office may require
perforation of the surface casing and squeeze cementing of perforations. %

In Appendix 9, NYSDEC reserves the right to require the operator to run a cement bond log; however, it
does not require one to verify the integrity of all surface casing cement jobs.

This office may also require that a cement bond log ana/or other logs be run for
evaluation purposes. In addition, drilling out of and below surface casing cannot
commence if there is any evidence or indication of flow behind the surface casing until
remedial action has occurred. Alternative remedial actions from those described above
may be approved by this office on a case-by-case basis provided site-specific conditions
form the basis for such proposals.

The 2011 RDSGEIS Appendix 10: Appendix 10 contains Proposed Supplementary Permit Conditions
for HVHF operations, including additional surface casing requirements. The 2011 RDSGEIS does not
explain why these additional pollution prevention and quality control/quality assurance (QC/QA)
requirements do not apply to all oil and gas wells in NYS.

The 2011 RDSGEIS Appendix 10 requires new casing and the use of American Petroleum Institute (API)
standards for: casing thread compounds, centralizer placement, and cement composition (including the
requirement to use gas-blocking additives).

31) With respect to all surface, intermediate and production casing run in the well, and
in addition to the requirements of the Department’s “Casing and Cementing
Practices” and any approved centralizer plan for intermediate casing, the following

shall apply:

a) Casing must be new and conform to American Petroleum Institute (AP/)
Specification 5CT, Specifications for Casing and Tubing (April 2002), and
welded connections are prohibited;

b) Casing thread compound and its use must conform to APl Recommended
Practice (RP) 5A3, RP on Thread Compounds for Casing, Tubing, Line Pipe,
and Drill Stem Elements (November 2009);

c) At least two centralizers (one in the middle and one at the top) must be
installed on the first joint of casing (except production casing) and all bow-
spring style centralizers must conform to API Specification 10D for Bow-
Spring Casing Centralizers (March 2002);

d) Cement must conform to APl Specification 10A, Specifications for Cement
and Material for Well Cementing (April 2002 and January 2005 Addendum).
Further, the cement slurry must be prepared to minimize its free water
content in accordance with the same AP/ specification and it must contain a
gas-block additive... 3

322011 NYSDEC, RDSGEIS, Appendix 9, Page 2.
332011 NYSDEC, RDSGEIS, Appendix 9, Page 2.
#2011 NYSDEC, RDSGEIS, Appendix 10, Pages 5-6.
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Appendix 10 also requires: drilling mud be circulated and conditioned prior to cementing; spacer fluid be
used to separate the drilling mud from the cement, to avoid drilling mud contamination; and cement be
installed using methods that inhibit voids in the cement.

e) Prior to cementing any casing string, the borehole must be circulated and
conditioned to ensure an adequate cement bond... The Surface casing must be run
and cemented immediately after the hole has been adequately circulated and
conditioned.

f) A spacer of adequate volume, makeup and consistency must be pumped ahead of
the cement,

g) The cement must be pumped at a rate and in a flow regime that inhibits
channeling of the cement in the annulus...”

Appendix 10 establishes a specific period of time for the cement to harden, and a compressive strength
standard that the cement must achieve before drilling continues deeper in the hole. This avoids disturbing
the cement until it has completely set.

h) After the cement is pumpea, the operator must wait on cement (WOC).

1. until the cement achieves a calculated (e.g., performance chart) compressive
strength of at least 500 psig, and

2. a minimum WOC time of 8 hours before the casing is disturbed in any way,
including installation of a blow-out preventer (BOP). The operator may request a
waiver from the Department from the required WOC time if the operator has bench
tested the actual cement batch and blend using mix water from the actual source for
the job, and determined that 8 hours is not required to reach a compressive strength
of 500 psig.*

Appendix 10 requires records be kept for a period of 5 years and be available to NYSDEC upon request.

A copy of the cement job log for any cemented casing in the well must be available to the
Department at the wellsite during drilling operations, and thereafter available to the
Department upon request. The operator must provide such to the Department upon
request at any time during the period up to and including five years after the well is
permanently plugged and abandoned under a Department permit. If the well is located on
a multi-well pad, all cementing recoras must be maintained and made available during
the period up to and including five years after the last well on the pad is permanently

plugged and abandoned under a Department permit

332011 NYSDEC, RDSGEIS, Appendix 10, Page 6.
362011 NYSDEC, RDSGEIS, Appendix 10, Page 6.
372011 NYSDEC, RDSGEIS, Appendix 10, Page 6.
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Appendix 10 reserves the right for NYSDEC to require additional casing strings to be set in the well if the
surface casing fails to adequately protect water resources or poses a safety hazard.

38) The installation of an additional cemented casing string or strings in the well as
deemed necessary by the Department for environmental and/or public safety reasons may
be required at any time.*®

Appendix 10 requires NYSDEC’s Casing and Cementing Practices be followed. NYSDEC’s Casing and
Cementing Practices are included in the 2011 RDSGEIS as Appendix 8. Yet, a number of the Casing and
Cementing Practices found in Appendix 8 conflict with the new requirements in Appendix 10 for wells
subject to HVHF.

The RDSGEIS does not provide a rationale or basis for the use of a 75 surface casing setting depth for
some wells and a 100’ surface casing setting depth for others. NYSDEC determined that a 100 setting
depth is best practice for groundwater protection in areas of primary and principal aquifers, but does not
explain why a 100’ standard would not be best practice for all wells, or at least wells that undergo HVHF.

An analysis of the surface casing permit condition requirements and inconsistencies is provided in table
format as Appendix A. Recommendations are listed in the table.

NYCRR Proposed Revisions: A number of the requirements listed in the RDSGEIS Appendices 8, 9,
and 10 are not codified in the NYCRR, or conflict with the proposed changes to the NYCRR.

Listed below is an analysis of the proposed NYCRR revisions for surface casing and cementing. Specific
recommendations for improving surface casing design, installation, and quality control/ quality assurance
requirements are also included.

Surface Casing Setting Depth: 6 NYCRR § 554.1(d) requires that:
surface casing shall be run in all wells to extend below the deepest potable fresh water level.

Neither the 75” nor the 100° setting depths below the deepest protected water zone (described in the
RDSGEIS) are specified in regulation. Furthermore, this regulation only protects “potable fresh water.”
As explained in Chapter 4 of this report, NYSDEC should consider its long-term water needs.

Recommendation No. 8: 6 NYCRR § 554.1(d) should be revised to require the surface casing
setting depth to be at least 100’ below protected groundwater for all wells, or NYSDEC should
provide a technical justification for reducing the setting depth to 75’ for some wells.

Surface Casing Definition: 6 NYCRR § 550.3(au) reads:

Surface casing shall mean casing extending from the surface through the potable fresh water
Z0ne.

This definition requires surface casing be set through only the protected water zone, and does not require
the casing be set deeper. This definition, as written, does not include the important requirement for the
casing to be set at least 100’ below protected groundwater and be cemented in place.

2011 NYSDEC, RDSGEIS, Appendix 10, Page 8.
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Recommendation No. 9: 6 NYCRR § 550.3(au) should be revised to read: surface casing shall
mean casing installed and cemented from the surface, through protected groundwater, to a point
at least 100’ below the deepest protected groundwater. Protected groundwater should be defined
in a way that meets NYS’ long-term water needs.

Rotary Tool Drilling Practices: 6 NYCRR § 554.4 should be revised to be consistent with the proposed
RDSGEIS surface casing conditions, and remove reference errors. 6 NYCRR § 554.4(a) provides the
operator with a choice of installing surface casing in accordance with 6 NYCRR § 554.1(b) (which does
not provide specific instruction to the operator) or by cementing the production casing from below the
deepest potable fresh water level to the surface (which does not provide specific instruction to the
operator).

$554.4 Rotary tool drilling practices

(a) On all wells where rotary tools are employed, and the subsurface formations and
pressures to be encountered have been reasonably well established by prior drilling
experience, the operator shall have the option of either running surface casing as
provided in section 554.1(b) of this Part or of cementing the production casing from
below the deepest potable fresh water level to the surface. In areas where the
subsurface formations and pressures to be encountered are unknown or uncertain,
surface casing shall be run as provided in section 554.1(b) of this Part.

6 NYCRR § 554.1(b) does not provide any specific direction on the type or amount of surface casing to
be installed; it just says:

Pollution of the land ana/or of surface or ground freshwater resulting from exploration
or drilling is prohibited.

Nor does 6 NYCRR § 554.4(a) provide any specific direction on the type or amount of surface casing to
be installed, other than to say that it must be set below 116 deepest potable fresh water level, but the
minimum depth that the casing must be set below the deepest freshwater located is not specified.

Recommendation No. 10: 6 NYCRR § 554.1(d) and 6 NYCRR § 554.4(a) should be combined
or at least be consistent to require the surface casing setting depth to be at least 100’ below
protected groundwater.

NYCRR does not provide the operator with instructions on how to determine protected groundwater
depth. The RDSGEIS explains that the depth of potable freshwater in NYS is typically 850 deep, but this
depth will vary across the state. Using the 850” benchmark may not sufficiently protect all groundwater
covered under the Safe Drinking Water Act. NYCRR should be revised to provide instructions to the
operator on how to estimate protected water depth in drilling applications and well construction designs.
NYCRR should require that depth be confirmed before setting surface casing.

Recommendation No. 11: NYCRR should require the protected groundwater depth be estimated
in the drilling application to aid in well construction design. NYCRR should require the protected
water depth be verified with a resistivity log or other sampling method during drilling. If the
protected water depth is deeper than estimated, an additional string of intermediate casing should
be required. Additionally, the NYCRR needs to be clear on whether its purpose is to protect
potable freshwater only, or a broader definition of protected groundwater, which would result in
surface casing being set deeper.
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6 NYCRR § 554.4(b) correctly requires: cement be placed by the pump and plug or displacement
methods; cement be placed in the entire annulus; and a wait on cement time before further drilling.
However, 6 NYCRR § 554.4(b) does not include the best practices listed in the permit conditions
(Appendices 8 and 9). Additionally, many of the best practices included in Appendix 10 for HVHF wells
should be included in regulations for all oil and gas wells.

Recommendation No. 12: 6 NYCRR § 554.4(b) should be revised to be consistent with the
proposed Appendices 8 and 9 permit conditions. Also, the best practices listed in Appendix 10 for
HVHEF should apply to all oil and gas wells and be included in 6 NYCRR § 554.4(b).

Cable Tool Drilling Practices: 6 NYCRR § 554.3 includes requirements for cable tool drilling.

Recommendation No. 13: NYSDEC should verify whether cable tool drilling is still anticipated
in NYS. If cable tool drilling is still allowed, 6 NYCRR § 554.3 should be revised to require these
wells be constructed to the same quality standards as wells drilled with rotary drilling equipment.

Newly proposed surface casing regulations for HVHF wells at 6 NYCRR § 560.6(c)(10) require casing be
run in accordance with the “department’s casing and cementing requirements.” Presumably this refers to
the requirements set out in the RDSGEIS at Appendix 8, but this needs to be clarified. All surface casing
requirements for HVHF operations should be codified in NYCRR.

A number of new requirements proposed at 6 NYCRR § 560.6(c)(10) should be applied to all wells in
NYS, not just those that will undergo a HVHF treatment. 6 NYCRR § 560.6(c)(10) proposes to add these
requirements only to HVHF wells.

(10) With respect to all surface, intermediate and production casing run in the well, and
in addition to the department's casing and cementing requirements and any approved
centralizer plan for intermediate casing, the following shall apply.

(1) all casings must be new and conform to industry standards specified in the permit to
arill;

(1) welded connections are prohibitea;

(1ii) casing thread compound and its use must conform to industry standards specified in
the permit to drill;

(iIv) in addition to centralizers otherwise required by the department, at least two
centralizers, one in the middle and one at the top of the first joint of casing, must be
installed (except production casing) and all bow-spring style centralizers must conform
to the industry standards specified in the permit to arill;

(v) cement must conform to industry standards specified in the permit to drill and the
cement slurry must be prepared to minimize its free water content in accordance with the
industry standards and specifications, and contain a gas-block additive;

(vi) prior to cementing any casing string, the borehole must be circulated and
conditioned to ensure an adequate cement bond,;

(vii) a spacer of adequate volume, makeup and consistency must be pumped ahead of the
cement,

(viii) the cement must be pumped at a rate and in a flow regime that inhibits channéeling
of the cement in the annulus,

Review of NYS 2011 RDSGEIS and Proposed Revisions to NYCRR Page 26 of 183



Harvey Consulting, LLC. Report to NRDC January 2012

(ix) after the cement is pumped, the operator must wait on cement (WOC) until the
cement achieves a calculated (e.g., performance chart) compressive strength of at least
500 psig, and a minimum WOC time of 8 hours before the casing is disturbed in any way,
including installation of a blowout preventer. The operator may request a waiver from
the department from the required WOC time if the operator has bench tested the actual
cement batch and blend using mix water from the actual source for the job, and
determined that 8 hours is not required to reach a compressive strength of 500 pounds
per square inch gage, and

(x) a copy of the cement job log for any cemented casing string in the well must be
available to the department at the well site during drilling operations, and thereafter
available to the department upon request. The operator must provide such log to the
department upon request at any time during the period up to and including five years
after the well is permanently plugged and abandoned under a department permit issued
pursuant to Part 550 of this Title. If the well is located on a multi-well pad, all cementing
Job logs must be maintained and made available during the period up to and including
five years after the last well on the pad is permanently plugged and abandoned under a
department permit issued pursuant to Part 550 of this Title.

(11) The surface casing must be run and cemented as soon as practicable after the hole
has been adequately circulated and conditioned.

The zone of critical cement (e.g. cement placed at bottom of surface casing, typically bottom 300-500")
should achieve a 72-hour compressive strength standard of 1,200 psi and the free water separation for the
cement should be no more than 6 ml per 250 ml of cement. For example, this requirement is found in the
Pennsylvania surface casing code (25 PaCode § 78.85 (b))

An analysis of the proposed Appendices 8, 9, and 10 permit condition requirements and inconsistencies,
with comparisons to NYCRR, is provided in table format as Appendix A. Recommendations for
improving requirements and addressing inconsistencies are listed in the table.

Recommendation No. 14: The recommendations listed in the Surface Casing Analysis Table
(Appendix A to this report) should be considered for the SGEIS and the NYCRR, including:

Surface Casing Setting Depth: NYSDEC should consider a 100' protection for all oil and gas
wells. Additionally, NYSDEC needs to clarify whether this setting depth is intended to protect
potable freshwater only, or include a broader definition of protected groundwater, which would
result in deeper surface casing depths. This requirement should apply to all NYS wells.

Protected Water Depth Verification: The freshwater depth should be estimated in the drilling
application to aid in well construction design. The actual protected water depth should be verified
with a resistivity log or other sampling method. If the actual protected water depth extends
beyond the estimated protected water depth, an additional string of intermediate casing should be
required. This requirement should apply to all NYS wells.

Cement Sheath Width: A cement sheath of at least 1-1/4" should be installed on all oil and gas
wells. Thin cement sheaths are easily cracked and damaged. This requirement should apply to all
NYS wells.
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Amount of Cement in Annulus: The surface casing annulus should be completely filled with
cement; this should be clearly specified. There should be no void space in the annulus. This
requirement should apply to all NYS wells.

Shallow Gas Hazards: If a shallow gas hazard is encountered, surface hole drilling must stop, and
surface casing must be set and cemented, before drilling deeper into hydrocarbon resources. All
oil and gas well designs and applications should plan for shallow gas hazards. Any shallow gas
hazards encountered while drilling should be recorded. This requirement should apply to all NY'S
wells.

Excess Cement Requirements: 25% excess cement is standard practice, unless a caliper log is run
to more accurately assess hole shape and required cement volume. This requirement should apply
to all NY'S wells.

Cement Type: The cement must conform to API Specification 10A, Specifications for Cement
and Material for Well Cementing (April 2002 and January 2005 Addendum). Further, the cement
slurry must be prepared to minimize its free water content, in accordance with the same API
specification, and it must contain a gas-block additive. HVHF cement quality requirements
(including API specifications and the use of gas-blocking additives) is best practice. These
practices should apply to all wells, not just HVHF wells.

Cement Mix Water Temperature and pH Monitoring: Best practice is for the free water separation
to average no more than six milliliters per 250 milliliters of tested cement, in accordance with the
current API RP 10B. Best practice is to test for pH to evaluate water chemistry and ensure cement
is mixed to manufacturer's recommendations. This requirement should apply to all NYS wells,
not just HVHF wells.

Lost Circulation Control: Lost circulation control is best practice. This requirement should apply
to all NYS wells, not just HVHF wells.

Spacer Fluids: The use of spacer fluids to separate mud and cement, to avoid mud contamination
of the cement, is best practice. This requirement should apply to all NYS wells, not just HVHF
wells.

Hole Conditioning: Hole conditioning before cementing is best practice. This requirement should
apply to all NYS wells, not just HVHF wells.

Cement Installation and Pump Rate: The requirement for cement to be pumped at a rate and in a
flow regime that inhibits channeling of the cement in the annulus is a good practice; this
requirement should apply to all oil and gas wells, not just HVHF wells.

Rotation and Reciprocation: Rotating and reciprocating casing while cementing is a best practice
to improve cement placement. This requirement should apply to all NYS wells.

Centralizers: The proposed conditions reference an outdated API casing centralizer standard. Best
practice is to use at least two centralizers and follow API RP 10D-2 (July 2010). This requirement
should apply to all NYS wells, not just HVHF wells.

Review of NYS 2011 RDSGEIS and Proposed Revisions to NYCRR Page 28 of 183



Harvey Consulting, LLC. Report to NRDC January 2012

Casing Quality: New casing should be used in all wells. Once installed, surface casing remains in
the well for the life of the well, and typically remains in place when the well is plugged and
abandoned. It is important that the surface casing piping string (known as "the water protection
piping string") is of high quality to maximize the corrosion allowance and life-cycle of the piping.
The installation of older, used, thinner pipe, with less remaining corrosion allowance, may be a
temporary solution, but not a long-term investment in groundwater protection. Used piping may
pass an initial pressure test; however, it will not last as long as new piping, and will not be as
protective of water resources in the long-term.

Casing Thread Compound: The requirement to use casing thread compound that conforms to API
RP 5A3 (November 2009) is a good practice. This requirement should apply to all oil and gas
wells, not HVHF wells.

Drilling Mud: The use of compressed air or WBM (with no toxic additives) is best practice when
drilling through protected water zones. This should be a requirement for all NYS wells.

Cement Setting Time: Best practice is to have surface casing strings stand under pressure until the
cement has reached a compressive strength of at least 500 psi in the zone of critical cement,
before drilling out the cement plug or initiating a test. Additionally, the cement mixture in the
zone of critical cement should have a 72-hour compressive strength of at least 1,200 psi. This
requirement should apply to all NYS wells.

NYS Inspectors: Best practice is to have a state inspector on site during cementing operations, to
verify surface casing cement is correctly installed, before attaching the blowout preventer and
drilling deeper into the formation. This requirement should apply to all NYS wells.

Cement QA/QC: Circulating cement to the surface is one indication of successfully cemented
surface casing, but it is not the only QA/QC check that should be conducted. Cement circulation
to surface can be achieved even when there are mud or gas channels, or other voids, in the cement
column. Circulating cement to the surface also may not identify poor cement to casing wall
bonding. These integrity problems, among others, can be further examined using a cement
evaluation tool and temperature survey.

Formation Integrity Test: It is best practice to complete a formation integrity test to verify the
integrity of the cement in the surface casing annulus at the surface casing shoe. The test should be
conducted after drilling out of the casing shoe, into at least 20 feet, but not more than 50 feet of
new formation. The test results should demonstrate that the integrity of the casing shoe is
sufficient to contain the anticipated wellbore pressures identified in the application for the Permit
to Drill. This requirement should apply to all NYS wells.

BOP Installation: The Appendix 8 requirement is best practice. Additionally, the surface casing
should be pressure tested to ensure it can hold the required working pressure of the BOP. This
requirement should apply to all NY'S wells.

Record Keeping: Best practice is to keep permanent records for each well, even after the well is
plugged and abandoned (P&A'd). This information will be needed by NYSDEC and industry
during the well's operating life, will be critical for designing the P&A, and may be required if the
well leaks post P&A. This requirement should apply to all NYS wells, not just HVHF wells.
P&A'd wells do occasionally leak, and well information is may be needed to develop a re-entry,
repair, re-P&A plan.
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Additional Casing or Repair: NYSDEC should reserve the right to require industry to install
additional cemented casing strings in wells, and repair defective casing or cementing, as deemed
necessary for environmental and/or public safety reasons. This requirement should apply to all
wells, not just HVHF wells.

Pressure Testing: Casing and piping should be pressure tested.*

» Pennsylvania Governor’s Marcellus Shale Advisory Commission Report, July 22, 2011, recommends pressure testing each
casing to ensure initial integrity of casing design and cement, and pressure testing and logging to verify the mechanical integrity
of the casing and cement over the life of the well, p. 109.
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7. Intermediate Casing

Background: In 2009, HCLLC recommended the NYCRR be revised to include additional intermediate
casing construction standards. Please refer to HCLLC’s September 16, 2009 Report, New York State
(NYS) Casing Regulation Recommendations for more specific recommendations on intermediate casing
and the technical basis for HCLCC’s recommendations.

Intermediate casing provides a transition from the surface casing to the production casing. This casing
may be required to seal off anomalous pressure zones, lost circulation zones, and other drilling hazards. A
drilling engineer may set hundreds or thousands of feet of intermediate casing to: isolate unstable hole
sections (to prevent collapse); isolate high or low pressure zones; isolate geologic “thief” zones prone to
robbing mud from the well bore (lost circulation); put gas or saltwater zones behind pipe before drilling
into the production zone; or provide additional wellbore structure.

Intermediate casing is set prior to drilling through the hydrocarbon bearing zone, and may be cemented
behind the entire casing string from the top of the well to the bottom of the casing shoe, depending on
intermediate casing depth. Intermediate casing provides an additional protective barrier across to prevent
contamination of protected groundwater zones.

The 2011 RDSGEIS and the proposed revisions to the NYCRR include important improvements for
intermediate casing. Overall, NYSDEC’s intermediate casing requirements for HVHF wells are robust.
NYSDEC proposed a number of substantial improvements in the intermediate casing requirements. The
most notable improvement to the RDSGEIS mitigation and the NYCRR is that intermediate casing will
be required in wells that undergo HVHF treatments to provide an additional protective layer of casing and
cementing in the well. The RDSGEIS and the NYCRR requires intermediate casing be fully cemented,
and the cement placement and bond be verified by well logging tools.

However, the remaining area for improvement in the NYCRR is to establish intermediate casing and
cementing standards for all wells that will not undergo HVHF treatment, but will require the installation
of intermediate casing. The proposed NYCRR is silent on the intermediate casing and cementing
standards for wells that will not undergo HVHF treatment. NYS should provide instruction on
intermediate casing standards for all wells that require it.

There are a number of new intermediate casing requirements proposed for HVHF wells that are standard
industry best practices for all oil and gas wells. Those requirements should be included in the NYCRR
Part 554 (drilling practices for all oil and gas wells), and not just covered in the new NYCRR Part 560
(drilling practices for HVHF wells).

Recommendation No. 15: The NYCRR should be revised to establish intermediate casing and
cementing standards for all wells at NYCRR Part 554 (drilling practices for all oil and gas wells).

This section reviews the proposed changes to intermediate casing requirements and supports the
improvements that have been made. It also makes suggestions for improved regulatory clarity and offers
recommendations for regulatory program revisions.

An analysis of the proposed RDSGEIS conditions found in Appendices 8, 9, and 10 is provided below,
and compared to the proposed NYCRR. Recommendations are made to improve consistency in the
documents and highlight additional best practices that should be considered.
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The 2011 RDSGEIS: The 2011 RDSGEIS recommends that intermediate casing be required in wells that
undergo HVHF treatments, to provide an additional protective layer of casing and cementing in the well.
The 2011 RDSGEIS recommends that intermediate casing be fully cemented, and the cement placement
and bond be verified by well logging tools. This is an excellent recommendation. The 2011 RDSGEIS
states:

Current casing and cementing practices attached as conditions to all oil and gas well
drilling permits state that intermediate casing string(s) and cementing requirements will
be reviewed and approved by the Department on an individual well basis. The
Department proposes to require, via permit condition anad/or requlation, that for high-
volume hydraulic fracturing the installation of intermediate casing in all wells covered
under the SGEIS would be required. However, the Department may grant an exception
fo the intermediate casing requirement when technically justified [emphasis added].”

The current dSGEIS proposes to require in most cases fully cemented intermediate
casing, with the setting depths of both surface and intermediate casing determined by
site-specific conditions’

Requirement for fully cemented production casing or intermediate casing (if used), with
the cement bond evaluated by use of a cement bond logging tool: and™

Fully cemented intermediate casing would be required unless supporting site-specific
documentation to waive the requirement is presented. This directly addresses gas
migration concerns by providing additional barriers (i.e., steel casing, cement) between
aquifers and shallow gas-bearing zones.”

Depending on the depth of the well and local geologic conditions, there may be one or
more intermediate casing string. *

Use of centralizers to ensure that the cement sheath surrounds the casing strings,
including the first joint of surface and intermediate casings. *

The 2011 RDSGEIS proposes a waiver process to exclude intermediate casing under some circumstances:

A request to waive the intermediate casing requirement would need to be made in writing
with supporting documentation showing that environmental protection and public safety
would not be compromised by omission of the intermediate string. An example of
circumstances that may warrant consiaeration of the omission of the intermediate string
and granting of the waiver could include. 1) deep set surface casing, 2) relatively
shallow total depth of well and 3) absence of fluid and gas in the section between the
surface casing and target interval. Such intermediate casing waiver request may also be
supported by the inclusion of information on the subsurface and geologic conditions from
offsetting wells, if available. *

402011 NYSDEC, RDSGEIS, Page 7-52.
412011 NYSDEC, RDSGEIS, Executive Summary, Page 25.
422011 NYSDEC, RDSGEIS, Page 1-12.
42011 NYSDEC, RDSGEIS, Page 1-12.
42011 NYSDEC, RDSGEIS, Page 5-92.
432011 NYSDEC, RDSGEIS, Page 7-42.
42011 NYSDEC, RDSGEIS, Page 7-52.
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The proposed waiver process conflicts with the stated intent of requiring intermediate casing for HVHF
wells. The RDSGEIS states that the reason intermediate casing is required for a HVHF well is because it:

...directly addresses gas migration concerns by providing additional barriers (1.6., steel
casing, cement) between aquifers and shallow gas-bearing zones.”

As proposed, NYSDEC would consider a wavier if the surface casing is set “deep” or if the well is
“shallow”; however, these depths are not defined. The RDSGEIS does not explain how the use of deep-
set surface casing or shallow surface casing provides the same protection to aquifers as installing a second
string of intermediate casing and cement.

Additionally, as proposed, NYSDEC would consider a wavier if there is an “absence of fluid and gas in
the section between the surface casing and target interval.**” This requirement is incongruous, because
there will always be some type of fluid in the formation between the surface casing and target interval;
therefore, the conditions for this waiver to occur would never be realized.

Recommendation No. 16: The SGEIS and NYCRR should be revised to remove the waiver
provisions for intermediate casing on HVHF wells, or the SGEIS and NYCRR should be revised
to include technical justifications, rationale and thresholds for proposed waivers.

The 2011 RDSGEIS requires that intermediate casing be cemented and evaluated for quality as follows:

Intermediate casing would be cemented to the surface and cementing would be by the
pump and plug method with a minimum of 25% excess cement unless caliper logs are
run, in which case 10% excess would suffice.”

The operator would run a radial cement bond evaluation log or other evaluation
approved by the Department to verify the cement bond on the intermediate casing and the
production casing. The quality and effectiveness of the cement job would be evaluated
using the above required evaluation in conjunction with appropriate supporting data per
Section 6.4 “Other Testing and Information” under the heading of “Well Logging and
Other Testing” of API Guidance Document HF 1 (First Edition, October 2009). Remedial
cementing would be required if the cement bond is not adequate to drill ahead and
isolate hydraulic fracturing operations, respectively.”

The requirements for intermediate casing are listed in Appendices 8, 9, and 10 of the RDSGEIS.

The 2011 RDSGEIS Appendix 8: Appendix 8 Casing and Cementing Practices requires intermediate
casing be set only in certain circumstances.

Intermediate casing string(s) and the cementing requirements for that casing string(s)
will be reviewed and approved by Regional Mineral Resources office staff on an
individual well basis.”’

472011 NYSDEC, RDSGEIS, Page 1-12.

82011 NYSDEC, RDSGEIS, Page 7-52.
42011 NYSDEC, RDSGEIS, Page 7-53.
%2011 NYSDEC, RDSGEIS, Page 7-54.
512011 NYSDEC, RDSGEIS, Appendix 8, Page 2.
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The 2011 RDSGEIS Appendix 9: Appendix 9 Existing Fresh Water Supplementary Permit Conditions
Required for Wells Drilled in Primary and Principal Aquifers requires intermediate casing be set:

If multiple fresh water zones are known to exist or are found or if shallow gas is present,
this office may require multiple strings of surface casing to prevent gas intrusion ana/or
preserve the hydraulic characteristics and water quality of each fresh water zone. The
permittee must immediately inform this office of the occurrence of any fresh water or
shallow gas zones not noted on the permittee’s drilling application and prognosis. This
office may require changes to the casing and cementing plan in response to unexpected
occurrences of fresh water or shallow gas, and may also require the immediate,
temporary cessation of operations while such alterations are developed by the permittee
and evaluated by the Department for approval

The main problem with the conditions of Appendices 8 and 9 is that there is no specific guidance for
intermediate casing and cementing, if the intermediate casing string is required as part of the well
construction design.

Recommendation No. 17: The SGEIS (Appendices 8 and 9) and NYCRR should be revised to
provide specific intermediate casing and cementing requirements, as explained further in
Appendix B.

The 2011 RDSGEIS Appendix 10: Appendix 10 contains Proposed Supplementary Permit Conditions
for HVHF operations, including additional intermediate casing requirements.

The 2011 RDSGEIS Appendix 10 requires intermediate casing be set, unless a waiver is granted:

Intermediate casing must be installed in the well. The setting depth and design of the
casing must consider all applicable drilling, geologic and well control factors.
Additionally, the setting depth must consider the cementing requirements for the
intermediate casing and the production casing as noted below. Any request to waive the
intermediate casing requirement must be made in writing with supporting documentation
and is subject to the Department’s approval. Information gathered from operations
conducted on any single well or the first well drilled on a multi-well pad may serve to
form the basis for the Department waiving the intermediate casing requirement on
subsequeg?f wells in the vicinity of the single well or subsequent wells on the same multi-
well pad.

The 2011 RDSGEIS Appendix 10 requires intermediate casing be completely cemented and the
department be notified of cementing operations:

This office must be notified hours prior to intermediate casing cementing
operations. Intermediate casing must be fully cemented to surface with excess cement.
Cementing must be by the pump and plug method with a minimum of 25% excess cement
unless caliper logs are run, in which case 10% excess will suffice. (Blank to be filled in
based on well’s location and Regional Minerals Manager’s direction. )54

The 2011 RDSGEIS Appendix 10 requires a cement bond evaluation log:

522011 NYSDEC, RDSGEIS, Appendix 9, Page 2.
532011 NYSDEC, RDSGEIS, Appendix 10, Page 7.
#2011 NYSDEC, RDSGEIS, Appendix 10, Page 7.
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The operator must run a radial cement bond evaluation log or other evaluation approved
by the Department to verify the cement bond on the intermediate casing. The quality and
effectiveness of the cement job shall be evaluated by the operator using the above
required evaluation in conjunction with appropriate supporting data per Section 6.4
“Other Testing and Information” under the heading of “Well Logging and Other
Testing” of American Petroleum Institute (API) Guidance Document HF1 (First Edition,
October 2009). Remedial cementing is required if the cement bond is not adequate for
drilling ahead (i.e., diversion or shut-in for well control).”

The 2011 RDSGEIS Appendix 10 requires new casing and the use of American Petroleum Institute (API)
standards for: casing thread compounds, centralizer placement, and cement composition (including the
requirement to use gas-blocking additives).

With respect to all surface, intermediate and production casing run in the well, and in
addition to the requirements of the Department’s “Casing and Cementing Practices” and
any approved centralizer plan for intermediate casing, the following shall apply:

a)

b)

d)

Casing must be new and conform to American Petroleum Institute (AP/)
Specification 5CT, Specifications for Casing and Tubing (April 2002), and
welded connections are prohibited,

casing thread compound and its use must conform to APl Recommended Practice
(RP) 5A3, RP on Thread Compounds for Casing, Tubing, Line Pipe, and Drill
Stem Elements (November 2009),

at least two centralizers (one in the middle and one at the top) must be installed
on the first joint of casing (except production casing) and all bow-spring style
centralizers must conform to API Specification 10D for Bow-Spring Casing
Centralizers (March 2002);

cement must conform to API Specification 10A, Specifications for Cement and
Material for Well Cementing (April 2002 and January 2005 Addendum). Further,
the cement slurry must be prepared to minimize its free water content in
accordancfﬁ with the same API specification and it must contain a gas-block
additive...

Appendix 10 requires: drilling mud be circulated and conditioned prior to cementing; the use of a spacer
fluid to separate drilling mud from cement, avoiding drilling mud contamination; and cement installation
methods that inhibit voids in the cement.

€
9

Prior to cementing any casing string, the borehole must be circulated and
conditioned to ensure an adequate cement bond,

A spacer of adequate volume, makeup and consistency must be pumped ahead of
the cement, and

g) The cement must be pumped at a rate and in a flow regime that inhibits

channeling of the cement in the annulus...””

32011 NYSDEC, RDSGEIS, Appendix 10, Page 7.
2011 NYSDEC, RDSGEIS, Appendix 10, Pages 5-6.
72011 NYSDEC, RDSGEIS, Appendix 10, Page 6.
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Appendix 10 establishes a specific period of time required for the cement to harden and a compressive
strength standard that the cement must achieve before drilling continues deeper in the hole. This avoids
disturbing the cement until it has completely set.

h) After the cement is pumped, the operator must wait on cement (WOC):

1. until the cement achieves a calculated (e.g., performance chart)
compressive strength of at least 500 psig, and

2. aminimum WOC time of 8 hours before the casing is disturbed in any
way, including installation of a blow-out preventer (BOP). The operator
may request a waiver from the Department from the required WOC time if
the operator has bench tested the actual cement batch and blend using mix
water from the actual source for the job, and determined that 8 hours is not
required to reach a compressive strength of 500 psig.>

Appendix 10 requires records be kept as follows:

i) A copy of the cement job log for any cemented casing in the well must be
available to the Department at the wellsite during drilling operations, and
thereafter available to the Department upon request. The operator must provide
such to the Department upon request at any time during the period up to and
including five years after the well is permanently plugged and abandoned under
a Department permit. If the well is located on a multi-well pad, all cementing
records must be maintained and made available during the period up to and
including five years after the last well on the pad is permanently plugged and
abandoned under a Department permit. >

An analysis of the Appendices 8, 9, and 10 permit conditions requirements is provided in table format in
Appendix B. Recommendations are listed in the table for improving the requirements and addressing
inconsistencies.

NYCRR Proposed Revisions: The existing regulations at 6 NYCRR § 554 do not include specific
requirements for intermediate casing, when intermediate casing is part of the well construction design.

A new section of regulations at 6 NYCRR § 560.6(c)(13, 14 and 15) proposes to add intermediate casing
requirements for HVHF wells:

(13) Intermediate casing must be installed in the well. The setting depth and design of the
casing must be determined by taking into account all applicable drilling, geologic and
well control factors. Additionally, the setting depth must consider the cementing
requirements for the intermediate casing and the production casing as noted below. Any
request to waive the intermediate casing requirement must be made in writing with
supporting documentation and is subject to the department's approval. Information
gathered from operations conducted on any single well or the first well drilled on a
multi-well pad may be considered by the department upon a request for a waiver of the
intermediate casing requirement on subsequent wells in the vicinity of the single well or
subsequent wells on the same multi-well pad.

82011 NYSDEC, RDSGEIS, Appendix 10, Page 6.
%2011 NYSDEC, RDSGEIS, Appendix 10, Page 6.
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(14) As specified on a permit to drill, deepen, plug back and convert, the department must
be notified prior to intermediate casing cementing operations. Intermediate casing must
be fully cemented to surface with excess cement. Cementing must be by the pump and
plug method with a minimum of 25 percent excess cement unless caliper logs are run, in
which case 10 percent excess will suffice.

(15) The operator must run a radial cement bond evaluation log or other evaluation
approved by the department to verify the cement bond on the intermediate casing.
Remedial cementing is required if the cement bond is not adequate for drilling ahead
(1.e., diversion or shut-in for well control).

Additional intermediate casing and cementing standards are included at 6 NYCRR § 560.6(c)(10) for
HVHF wells:

(10) With respect to all surface, intermediate and production casing run in the well, and
in addition to the department’s casing and cementing requirements and any approved
centralizer plan for intermediate casing, the following shall apply:

(1) all casings must be new and conform to industry standards specified in the permit fo
drill;

(1) welded connections are prohibited,

(1ii) casing thread compound and its use must conform to industry standards specified in
the permit to drill,

(1v) in addition to centralizers otherwise required by the department, at least two
centralizers, one in the middle and one at the top of the first joint of casing, must be
installed (except production casing) and all bow-spring style centralizers must conform
to the industry standards specified in the permit to drill;

(v) cement must conform to industry standards specified in the permit to drill and the
cement slurry must be prepared to minimize its free water content in accordance with the
industry standards and specifications, and contain a gas-block additive,

(vi) prior to cementing any casing string, the borehole must be circulated and
conditioned to ensure an adequate cement bona,

(vii) a spacer of adequate volume, makeup and consistency must be pumped ahead of the
cement,

(viii) the cement must be pumped at a rate and in a flow regime that inhibits channeling
of the cement in the annulus,

(ix) after the cement is pumped, the operator must wait on cement (WOC) until the
cement achieves a calculated (e.g., performance chart) compressive strength of at least
500 psig, and a minimum WOC time of 8 hours before the casing is disturbed in any way,
including installation of a blowout preventer. The operator may request a waiver from
the department from the required WOC time if the operator has bench tested the actual
cement batch and blend using mix water from the actual source for the job, and
determined that 8 hours is not required to reach a compressive strength of 500 pounds
per square inch gage, and

(x) a copy of the cement job log for any cemented casing string in the well must be
available to the department at the well site during drilling operations, and thereafter
available to the department upon request. The opéerator must provide such log to the
department upon request at any time during the period up to and including five years
after the well is permanently plugged and abandoned under a department permit issued
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pursuant to Part 550 of this Title. If the well is located on a multi-well pad, all cementing
Job logs must be maintained and made available during the period up to and including
five years after the last well on the pad is permanently plugged and abandoned under a
department permit issued pursuant to Part 550 of this Title.

An analysis of the proposed Appendices 8, 9, and 10 permit conditions requirements and the proposed
changes to NYCRR is provided in table format in Appendix B. Recommendations for improving
requirements are listed in the table.

Recommendation No. 18: The recommendations listed in the Intermediate Casing Analysis
Table (Appendix B to this report) should be considered for the SGEIS and the NYCRR,
including:

Waiver Provisions: It is best practice to install intermediate casing on a case-by-case basis for
most wells; however, it is best practice to install it on all HVHF wells. The waiver provision
proposed in the RDSGEIS to exclude intermediate casing on HVHF wells is not technically
justified.

Setting Depth: Best practice is to set intermediate casing at least 100' below the deepest protected
groundwater, to seal off anomalous pressure zones, lost circulation zones, and other drilling
hazards. Although intermediate casing setting depth is site specific, there should be criteria for
determining that depth. This requirement should apply to all NY'S wells.

Protected Water Depth Verification: The freshwater depth should be estimated in the drilling
application to aid in well construction design. The actual protected water depth should be verified
with a resistivity log or other sampling method during drilling, ensuring intermediate casing
protects that groundwater. This requirement should apply to all NYS wells where intermediate
casing is set.

Cement Sheath Width: A cement sheath of at least 1-1/4" should be installed. Thin cement
sheaths are easily cracked and damaged. This requirement should apply to all NY'S wells where
intermediate casing is set.

Amount of Cement in Annulus: It is best practice to fully cement intermediate casing if
technically feasible to isolate protected water zones, and to seal off anomalous pressure zones,
lost circulation zones, and other drilling hazards. If the casing cannot be fully cemented, most
states require cement to be placed from the casing shoe to a point at least 500-600' above the
shoe. This requirement should apply to all wells where intermediate casing is set.

Excess Cement: 25% excess cement is standard practice, unless a caliper log is run to assess the
hole shape and required cement volume. This requirement should apply to all wells where
intermediate casing is set.

Cement Type: Cement must conform to API Specification 10A, Specifications for Cement and
Material for Well Cementing (April 2002 and January 2005 Addendum). The cement slurry must
be prepared to minimize its free water content, in accordance with the same API specification,
and it must contain a gas-block additive. HVHF cement quality requirements (including API
specifications and the use of gas-blocking additives) are best practice. However, these practices
should apply to all wells where intermediate casing is installed, not just HVHF wells.

Cement Mix Water Temperature and pH Monitoring: Best practice is for the free water separation
to average no more than six milliliters per 250 milliliters of tested cement, in accordance with the
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current API RP 10B. Best practice is to test for pH to evaluate water chemistry and ensure cement
is mixed to manufacturer's recommendations. These requirements should apply to all NYS wells
where intermediate casing is required, not just HVHF wells.

Lost Circulation Control: Lost circulation control is best practice. This requirement should apply
to all NY'S wells where intermediate casing is required.

Spacer Fluids: The use of spacer fluids to separate mud and cement, to avoid mud contamination
of the cement, is best practice. This requirement should apply to all NYS wells where
intermediate casing is used, not just HVHF wells.

Hole Conditioning: Hole conditioning before cementing is best practice. This requirement should
apply to all NYS wells, not just HVHF wells.

Cement Installation and Pump Rate: The requirement for cement to be pumped at a rate and in a
flow regime that inhibits channeling of the cement in the annulus is a good practice. This
requirement should apply to all oil and gas wells, not just HVHF wells.

Rotation and Reciprocation: Rotating and reciprocating casing while cementing is a best practice
to improve cement placement. This requirement should apply to all NYS wells.

Centralizers: The proposed conditions reference an outdated API casing centralizer standard. Best
practice is to use at least two centralizers and follow API Recommended Practice for Centralizer
Placement, API RP 10D-2 (July 2010). This requirement should apply to all NYS wells where
intermediate casing is installed.

Casing Quality: The use of new pipe conforming to API Specification SCT is best practice. This
requirement should apply to all NYS wells where intermediate casing is set.

Casing Thread Compound: The requirement to use casing thread compound that conforms to API
RP 5A3 (November 2009) is a good practice. This requirement should apply to all oil and gas
wells, not just HVHF wells.

Drilling Mud: The use of compressed air or WBM (with no toxic additives) is best practice when
drilling through protected water zones. This should be a requirement for all wells during the
period when drilling occurs through protected water zones.

Cement Setting Time: Best practice is to have casing strings stand under pressure until cement
reaches a compressive strength of at least 500 psi in the zone of critical cement, before drilling
out the cement plug or initiating a test. Additionally, the cement mixture in the zone of critical
cement should have a 72-hour compressive strength of at least 1,200 psi. This requirement should
apply to all NYS wells, not just HVHF wells.

NYSDEC Inspector: Best practice is to have a state inspector onsite during cementing operations.
This requirement should apply to all NYS wells where intermediate casing is installed.

Cement QA/QC: The use of a cement evaluation logging tool is best practice. This requirement
should apply to all wells where intermediate casing is set.

Record Keeping: Best practice is to keep permanent records for each well, even after the well is
plugged and abandoned (P&A'd). This information will be needed by NYSDEC and industry
during the well's operating life, will be critical for designing the P&A, and may be required if the
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well leaks post P&A. This requirement should apply to all NYS wells, not just HVHF wells.
P&A'd wells do occasionally leak, and well information is may be needed to develop a re-entry,
repair, re-P&A plan.

Additional Casing or Repair: NYSDEC should reserve the right to require industry to install
additional cemented casing strings in wells, and repair defective casing or cementing, as deemed
necessary for environmental and/or public safety reasons. This requirement should apply to all
wells.

Pressure Testing: Casing and piping should be pressure tested.*

% pennsylvania Governor’s Marcellus Shale Advisory Commission Report, July 22, 2011, recommends pressure testing each
casing to ensure initial integrity of casing design and cement, and pressure testing and logging to verify the mechanical integrity
of the casing and cement over the life of the well, Page 109.
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8. Production Casing

Background: In 2009, HCLLC recommended NYCRR be revised to include additional production casing
construction standards. Please refer to HCLLC’s September 16, 2009 Report, New York State (NYS)
Casing Regulation Recommendations for more specific recommendations on production casing the
technical basis for HCLCC’s recommendations.

Production casing is the last string of casing set in the well. It is called “production casing” because it is
set across the hydrocarbon-producing zone, or alternatively sets just above the hydrocarbon zone.
Production casing can be run all the way from the surface of the well across the hydrocarbon zone
(production casing string) or can be hung from the surface or intermediate casing at a point deeper in the
well (production liner).

If production casing is set across the hydrocarbon-producing zone, it is called a “cased hole” completion.
In this scenario, production casing is lowered into the hole and cemented in place. Explosives are then
lowered inside the production casing (perforation guns) to perforate holes through the pipe/cement barrier
to allow oil and/or gas to enter the wellbore. In some cases, a drilling engineer may elect not to set
production casing. This is called an “open hole” completion.

NYSDEC recommends a full string of production casing be set across the production zone and be run to
surface, and that the production casing be cemented in place. This is a best practice for HVHF wells.

Production casing is used to isolate hydrocarbon zones and contain formation pressure. Production casing
pipe and cement integrity is very important, because it is the piping/cement barrier that is exposed to
fracture pressure, acid stimulation treatments, and other workover/stimulation methods used to increase
hydrocarbon production.

The 2011 RDSGEIS and proposed revisions to the NYCRR include substantial improvements for
production casing. NYSDEC’s proposed production casing requirements for HVHF wells are robust. The
most notable improvement to the NYCRR is that production casing must be set from the well surface
through the production zone. This provides an additional protective layer of casing and cementing in the
well during HVHF treatments. The RDSGEIS and NYCRR requires production casing be fully cemented,
if intermediate casing is not set. If intermediate casing is set, it requires production casing be tied into the
intermediate casing. NYCRR also requires the cement placement and bond be verified by well logging
tools. These requirements are best practice.

NYSDEC’s proposed HVHF production casing design prevents pollution of protected groundwater by
constraining the HVHF pressurized fluid treatment to the inside of the production casing string as it
passes the protected groundwater zone. Additionally, behind the production casing string there are two
additional layers of casing and cement installed as a barrier across protected waters (e.g. surface and
intermediate casing).

This section reviews the proposed changes to production casing requirements and supports the
improvements that have been made. It also makes suggestions for improved regulatory clarity and offers
recommendations for regulatory program revisions.

An analysis of the proposed RDSGEIS conditions found in Appendices 8, 9, and 10 is provided below,
and compared to the proposed NYCRR. Recommendations are made to improve consistency in the
documents and highlight additional best practices that should be considered.
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The 2011 RDSGEIS: The 2011 RDSGEIS requires that production casing be installed and fully
cemented across the production zone in wells that undergo HVHF treatments. The 2011 RDSGEIS states:

Requirement for fully cemented production casing or intermediate casing (if used), with
the cement bond evaluated by use of a cement bond logging tool.

Anticipated Marcellus Shale fracturing pressures range from 5,000 pounds per square
inch (psi) to 10,000 psi, so production casing with a greater internal yield pressure than
the anticipated fracturing pressure must be installed. %

The 2011 RDSGEIS Appendix 8: Appendix 8 NYSDEC’s Casing and Cementing Practices includes the
following production casing requirements for all wells.

12. The production casing cement shall extend at least 500 feet above the casing
shoe or tie into the previous casing string, whichever is less. If any oil or gas
shows are encountered or known to be present in the area, as determined by the
Department at the time of permit application, or subsequently encountered
auring drilling, the production casing cement shall extend at least 100 feet above
any such shows. The Department may allow the use of a weighted fluid in the
annulus to prevent gas migration in specific instances when the weight of the
cement column could be a problem.

13. Centralizers shall be placed at the base and at the top of the production interval
if casing is run and extenas through that interval, with one additional centralizer
every 300 feet of the cemented interval. A minimum of 25% excess cement shall
be used. When caliper logs are run, a 10% excess will suffice. Additional
excesses may be required by the Department in certain areas.

14. The pump and plug method shall be used for all production casing cement jobs
deeper than 1500 feet. If the pump and plug technique is not used (less than 1500
feet), the operator shall not displace the cement closer than 35 feet above the
bottom of the casing. If plugs are used, the plug catcher shall be placed at the top
of the lowest (deepest) full joint of casing.

15. The casing shall be of sufficient strength to contain any expected formation or
stimulation pressures.

16. Following cementing and removal of cementing equipment, the operator shall
wait until a compressive strength of 500 psi is achieved before the casing is
disturbed in any way. The operator shall test or require the cementing contractor
to test the mixing water for pH and temperature prior to mixing the cement and
to record the results on the cementing tickets and/or the drilling log. WOC time
shall be adjusted based on the results of the test%

The 2011 RDSGEIS Appendix 9: Appendix 9 Existing Fresh Water Supplementary Permit Conditions
Required for Wells Drilled in Primary and Principal Aquifers does not include any additional
requirements for production casing.

12011 NYSDEC, RDSGEIS, Page 1-12.
622011 NYSDEC, RDSGEIS, Page 5-92.
32011 NYSDEC, RDSGEIS, Appendix 8, Page 2-3.
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The 2011 RDSGEIS Appendix 10: Appendix 10 contains Proposed Supplementary Permit Conditions
for HVHF operations, including additional production casing requirements.

The 2011 RDSGEIS Appendix 10 requires production casing run the entire length of the wellbore, which
is an excellent recommendation. Appendix 10 also requires production casing be tied into intermediate
casing with at least 500’ of cement:

36) Production casing must be run to the surface. This office must be notified

hours prior to production casing cementing operations. If installation of the intermediate
casing is waived by the Department, then production casing must be fully cemented to
surface. If intermediate casing is installed, the production casing cement must be tied
into the intermediate casing string with at least 500 feet of cement measured using True
Vertical Depth (TVD).%

Appendix 10 requires a cement bond evaluation log, which is another excellent recommendation:

The operator must run a radial cement bond evaluation log or other evaluation approved
by the Department to verify the cement bond on the production casing. The quality and
effectiveness of the cement job shall be evaluated by the operator using the above
required evaluation in conjunction with appropriate supporting data per Section 6.4
“Other Testing and Information” under the heading of “Well Logging and Other
Testing” of American Petroleum Institute (API) Guidance Document HF 1 (First Edition,
October 2009). Remedial cementing is required if the cement bond is not adequate to
effectively isolate hydraulic fracturing operations.”

However, Appendix 10 includes a waiver provision that would exempt an operator from installing
production casing cement as described above. This waiver provision is based solely on whether oil and
gas might migrate from one pool or stratum to another. It does not address any of the other reasons why
production casing cementing is important and required by NYSDEC in HVHF wells.

Any request to waive any of the preceding cementing requirements must be made in
writing with supporting documentation and is subject to the Department’s approval.

The Department will only consider a request for a waiver if the open-hole wireline logs
including a narrative analysis of such and all other information collected during drilling
from the same well pad or offsetting wells verify that migration of oil, gas or other fluids
from one pool or stratum to another will be prevented. (Blank to be filled in based on
well’s location and Regional Minerals Manager’s direction. )%

Recommendation No. 19: The production casing cementing waiver should be removed for
HVHF wells, or NYSDEC should provide more technical justification and rationale for the
waiver. NYSDEC should show how environmental protection and safety objectives can be

achieved to the same level with the waiver as without it.

The 2011 RDSGEIS Appendix 10 requires new casing and the use of American Petroleum Institute (API)
standards for: casing thread compounds, centralizer placement, and cement composition (including the
requirement to use gas-blocking additives).

42011 NYSDEC, RDSGEIS, Appendix 10, Page 7.
52011 NYSDEC, RDSGEIS, Appendix 10, Page 7.
2011 NYSDEC, RDSGEIS, Appendix 10, Page 7.
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31) With respect to all surface, intermediate and production casing run in the well, and
in addition to the requirements of the Department’s “Casing and Cementing
Practices” and any approved centralizer plan for intermediate casing, the following

shall apply:

e) Casing must be new and conform to American Petroleum Institute (API)
Specification 5CT, Specifications for Casing and Tubing (April 2002), and
welded connections are prohibited,

f) Casing thread compound and its use must conform to APl Recommended
Practice (RP) 5A3, RP on Thread Compounds for Casing, Tubing, Line Pipe,
and Drill Stem Elements (November 2009),

g) At least two centralizers (one in the middle and one at the top) must be
installed on the first joint of casing (except production casing) and all bow-
spring style centralizers must conform to APl Specification 10D for Bow-
Spring Casing Centralizers (March 2002);

h) Cement must conform to AP/ Specification 10A, Specifications for Cement
and Material for Well Cementing (April 2002 and January 2005 Addendum).
Further, the cement slurry must be prepared to minimize its free water
content in accordance with the same AP/ specification and it must contain a
gas-block additive... 67

Appendix 10 requires: drilling mud be circulated and conditioned prior to cementing; the use of spacer
fluid to separate drilling mud from cement, avoiding drilling mud contamination; and cement installation
methods that inhibit voids in the cement.

e) Prior to cementing any casing string, the borehole must be circulated and
conditioned to ensure an adequate cement bona,;

f) A spacer of adequate volume, makeup and consistency must be pumped ahead of
the cement,

h) The cement must be pumped at a rate and in a flow regime that inhibits
channeling of the cement in the annulus... 58

Appendix 10 establishes a specific period of time required for the cement to harden and a compressive
strength standard that the cement must achieve before drilling continues deeper in the hole. This avoids
disturbing the cement until it has completely set.

h) After the cement is pumped, the operator must wait on cement (WOC):

1. until the cement achieves a calculated (e.g., performance chart) compressive
strength of at least 500 psig, and

2. a minimum WOC time of 8 hours before the casing is disturbed in any way,
including installation of a blow-out preventer (BOP). The operator may request a
waiver from the Department from the required WOC time if the operator has bench
tested the actual cement batch and blend using mix water from the actual source for
the job, and determined that 8 hours is not required to reach a compressive strength
of 500 psig.%

72011 NYSDEC, RDSGEIS, Appendix 10, Pages 5-6.
82011 NYSDEC, RDSGEIS, Appendix 10, Page 6.
2011 NYSDEC, RDSGEIS, Appendix 10, Page 6.
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Appendix 10 requires records be kept as follows:

A copy of the cement job log for any cemented casing in the well must be available to the
Department at the wellsite during drilling operations, and thereafter available to the
Department upon request. The operator must provide such to the Department upon
request at any time during the period up to and including five years after the well is
permanently plugged and abandoned under a Department permit. If the well is located on
a multi-well pad, all cementing records must be maintained and made available during
the period up to and including five years after the last well on the pad is permanently
plugged and abandoned under a Department permit.”’

An analysis of the Appendices 8, 9, and 10 permit conditions requirements is provided in table format in
Appendix C. Recommendations are listed in the table for improving the requirements and addressing
inconsistencies.

NYCRR Proposed Revisions: The existing regulations at 6 NYCRR § 554 include requirements for
production casing:

If it is elected to complete a rotary-drilled well and production casing is run, it shall be
cemented by a pump and plug or displacement method with sufficient cement to circulate
above the top of the completion zone to a height sufficient to prevent any movement of oil
or gas or other fluids around the exterior of the production casing. In such instance,
operations shall be suspended until the cement has been permitted to set in accordance
with prudent current industry practices.”’

A new section of regulations at 6 NYCRR § 560.6(c)(16) proposes to add production casing requirements
for HVHF wells.

(16) Production casing must be run to the surface. If installation of the intermediate
casing is waived by the department, then production casing must be fully cemented to
surface. It intermediate casing is installed, the production casing cement must be tied
[nto the intermediate casing string with at least 300 feet of cement measured using
True Vertical Depth. Any request to waive any of the cementing requirements of this
paragraph must be made in writing with supporting documentation and must be
approved by the department. The department will only consider a request for a waiver if
the open-hole wireline logs including a narrative analysis of such and all other
information collected during drilling from the same well pad or offsetting wells verify
that migration of oil, gas or other fluids from one pool or stratum to another will
otherwise be prevented [emphasis added].

The proposed regulations at 6 NYCRR § 560.6(c)(16) are inconsistent with the Appendix 10 requirement
to cement the production casing with a 500° overlap into the intermediate casing.

If intermediate casing is installed, the production casing cement must be tied into the
intermediate casing string with at least 500 feet of cement measured using True Vertical
Depth (TVD).”?

2011 NYSDEC, RDSGEIS, Appendix 10, Page 6.
"6 NYCRR V.B. §554.4(d)
22011 NYSDEC, RDSGEIS, Appendix 10, Page 7.
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Recommendation No. 20: A production casing 500’ cement overlap into the intermediate casing
is more protective; 6 NYCRR § 560.6(c)(16) should be revised to match Appendix 10.

A new section of regulations at 6 NYCRR § 560.6(c)(17) requires production casing cement be verified
for HVHF wells:

(17) The operator must run a radial cement bond evaluation log or other evaluation
approved by the department to verify the cement bond on the production casing.
Remedial cementing is required if the cement bond is not adequate to effectively isolate
hydraulic fracturing operations.

Additional production casing and cementing standards are included at 6 NYCRR § 560.6(c)(10) for
HVHF wells.

(10) With respect to all surface, intermediate and production casing run in the well, and
in addition to the department's casing and cementing requirements and any approved
centralizer plan for intermediate casing, the following shall apply:

(1) all casings must be new and conform to industry standards specified in the permit to
drill;

(/) welded connections are prohibitea;

(1ii) casing thread compound and its use must conform to industry standards specified in
the permit to drill,

(v) cement must conform to industry standards specified in the permit to drill and the
cement slurry must be prepared to minimize its free water content in accordance with the
industry standards and specifications, and contain a gas-block additive,

(vi) prior to cementing any casing string, the borehole must be circulated and
conditioned to ensure an adequate cement bona,

(vii) a spacer of adequate volume, makeup and consistency must be pumped ahead of the
cement;

(viii) the cement must be pumped at a rate and in a flow regime that inhibits channeling
of the cement in the annulus,

(ix) after the cement is pumped, the operator must wait on cement (WOC) until the
cement achieves a calculated (e.g., performance chart) compressive strength of at least
500 psig, and a minimum WOC time of 8 hours before the casing is disturbed in any way,
including installation of a blowout preventer. The operator may request a waiver from
the department from the required WOC time if the operator has bench tested the actual
cement batch and blend using mix water from the actual source for the job, and
determined that 8 hours is not required to reach a compressive strength of 500 pounds
per square inch gage, and

(x) a copy of the cement job log for any cemented casing string in the well must be
available to the department at the well site during drilling operations, and thereafter
available to the department upon request. The opéerator must provide such log to the
department upon request at any time during the period up to and including five years
after the well is permanently plugged and abandoned under a department permit issued
pursuant to Part 550 of this Title. If the well is located on a multi-well pad, all cementing
Job logs must be maintained and made available during the period up to and including
five years after the last well on the pad is permanently plugged and abandoned under a
department permit issued pursuant to Part 550 of this Title.

Review of NYS 2011 RDSGEIS and Proposed Revisions to NYCRR Page 46 of 183



Harvey Consulting, LLC. Report to NRDC January 2012

An analysis of the proposed Appendices 8, 9, and 10 permit conditions requirements and the proposed
changes to the NYCRR is provided in table format in Appendix C. Recommendations for improving
requirements are listed in the table.

Recommendation No. 21: The recommendations listed in the Production Casing Analysis Table
(Appendix C to this report) should be considered for the SGEIS and the NYCRR, including:

Casing Design: For all wells, it is best practice for the productive horizon(s) to be determined by
coring, electric log, mud-logging, and/or testing to aide in optimizing final production string
design and placement. It is best practice to install production casing on a case-by-case basis for
most wells; however, it is best practice to install a full string of production casing on HVHF wells
to provide a conduit for the HVHF job and provide an extra layer of casing and cement.

Cement Sheath Width: A cement sheath of at least 1-1/4" should be installed on all oil and gas
wells. Thin cement sheaths are easily cracked and damaged. This requirement should apply to all
NYS wells.

Amount of Cement in Annulus: Cementing production casing to surface if technically feasible
(becomes more difficult with increasing depth), or at least 500’ into the intermediate casing string
is best practice. This requirement should apply to all NYS wells where production casing is set.

Excess Cement Requirements: 25% excess cement is standard practice, unless a caliper log is run
to assess the hole shape and required cement volume. This requirement should apply to all wells
where production casing is set.

Cement Type: Cement must conform to API Specification 10A, Specifications for Cement and
Material for Well Cementing (April 2002 and January 2005 Addendum). Further, the cement
slurry must be prepared to minimize its free water content in accordance with the same API
specification and it must contain a gas-block additive. HVHF cement quality requirements
(including API specifications and the use of gas-blocking additives) are best practice. However,
these practices should apply to all wells where production casing is installed, not just HVHF
wells.

Cement Mix Water Temperature and pH Monitoring: Best practice is for the free water separation
to average no more than six milliliters per 250 milliliters of tested cement, in accordance with the
current API RP 10B. Best practice is to test for pH to evaluate water chemistry and ensure cement
is mixed to manufacturer's recommendations. These requirements should apply to all NY'S wells
where production casing is required, not just HVHF wells.

Lost Circulation Control: Lost circulation control is best practice. This requirement should apply
to all NY'S wells where production casing is required.

Spacer Fluids: The use of spacer fluids to separate mud and cement, to avoid mud contamination
of the cement, is best practice. This requirement should apply to all NYS wells where production
casing is used, not just HVHF wells.

Hole Conditioning: Hole conditioning before cementing is best practice. This requirement should
apply to all NYS wells, not just HVHF wells.
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Cement Installation and Pump Rate: The requirement for cement to be pumped at a rate and in a
flow regime that inhibits channeling of the cement in the annulus is a good practice. This
requirement should apply to all oil and gas wells, not just HVHF wells.

Rotation and Reciprocation: Rotating and reciprocating casing while cementing is a best practice
to improve cement placement. This will become more difficult with a deviated wellbore, but
should be attempted if achievable. This requirement should apply to all NYS oil and gas wells,
not just HVHF wells.

Centralizers: Best practice is to use at least two centralizers and follow API Recommended
Practice for Centralizer Placement, API RP 10D-2 (July 2010). This requirement should apply to
all NYS wells where production casing is installed.

Casing Quality: The use of new pipe conforming to API Specification SCT is best practice. This
requirement should apply to all NYS wells where production casing is set.

Casing Thread Compound: The requirement to use casing thread compound that conforms to API
RP 5A3 (November 2009) is a good practice. This requirement should apply to all oil and gas
wells, not just HVHF wells.

Cement Setting Time: Best practice is to have casing strings stand under pressure until cement
reaches a compressive strength of at least 500 psi in the zone of critical cement, before drilling
out the cement plug or initiating a test. This requirement should apply to all NY'S wells, not just
HVHF wells.

NYSDEC Inspector: Best practice is to have a state inspector onsite during cementing operations.
This is more typical for surface and intermediate casing, but can be considered for production
casing as well.

Cement QA/QC: The use of a cement evaluation logging tool is best practice. This requirement
should apply to all wells where production casing is set.

Record Keeping: Best practice is to keep permanent records for each well, even after the well is
P&A'd. This information will be needed by NYSDEC and industry during the well's operating
life, will be critical for designing the P&A, and may be required if the well leaks post P&A. This
requirement should apply to all NY'S wells, not just HVHF wells. P&A'd wells do occasionally
leak, and well information is may be needed to develop a re-entry, repair, re-P&A plan.

Additional Casing or Repair: NYSDEC should reserve the right to require industry to install
additional cemented casing strings in wells, and repair defective casing or cementing, as deemed
necessary for environmental and/or public safety reasons. This requirement should apply to all
wells, not just HVHF wells.

Pressure Testing: Casing and piping should be pressure tested.”

7 Pennsylvania Governor’s Marcellus Shale Advisory Commission Report, July 22, 2011, recommends pressure testing each
casing to ensure initial integrity of casing design and cement, and pressure testing and logging to verify the mechanical integrity
of the casing and cement over the life of the well, p. 109.
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9. Permanent Wellbore Plugging & Abandonment Requirements

Background: In 2009, HCLLC recommended that NYSDEC establish specific criteria to determine when
a well must be permanently plugged and abandoned (P&A’d) and recommended improvements in NY'S’
well plugging regulations, incorporating best technology and practices.

Several terms are used to describe the condition of oil and gas wells that are not active hydrocarbon
producers.

e Temporary Abandonment. This term is used to describe a well that may be temporarily suspended
as a production well. The well may be shut-in awaiting repairs, a stimulation treatment, workover
(e.g. drilling into a new zone) or a decision to finally P&A the well. A reasonable amount time
should be afforded to the operator to complete the well work, or to decide when to P&A the well;
however, a well should not be temporarily abandoned for a long period of time, because it poses a
risk to the environment, especially if the well is known to have a leak or mechanical malfunction.
Leaking or malfunctioning wells should be repaired in a timely manner or the well should be
permanently P&A’d.

In 2003, ICF Consulting produced a report for the New York State Energy Research and
Development Authority (NYSERDA) that concluded NYS had 5,900 shut-in or temporarily
abandoned wells, 39% of the 15,000 known wells.”* ICF concluded that more than half the 5,900
wells have been “temporarily” abandoned for more than nine years. ICF concluded that:

NYS is one of the few oil and gas producing states that have no specific regulatory
provisions for long-term shut-in wells (more than two years). New York’s current
regulations allow an initial shut in period of one-year and an extension of up to one year,
renewable for additional successive periods...75

ICF concluded that while operators are required to contact NY'S to justify temporary abandonment
extensions beyond one year, NYS’ lack of resources to oversee the program has resulted in many
wells remaining idle and not properly P&A’d for years:

The practical effect is that New York’s idle well regulation cannot be adequately
enforced due to constraints on manpower and other agency resources, and as a result,
New York has a defacto long-term inactive well program. For example New York has
approximately 1,379 gas wells and 1440 oil wells with either inactive or unknown
status that have no reported production since 1992.7°

e Permanent Abandonment. A well that is no longer needed to produce hydrocarbons should be
plugged (e.g. cement barriers installed, failed casing removed, mechanical plugs set), surface
equipment removed (e.g. wellhead and piping), and permanently abandoned. Operators typically do
not monitor well condition once a P&A’d job is complete and approved by an agency.

™ ICF Consulting, Well Characterization and Evaluation Program for New York State Oil and Gas Wells, Draft Report, Prepared
for the New York State Energy Research and Development Authority, PSA No. 7012, July 2003, Page 1. A final version of this
report could not be located on the world-wide web.

5 ICF Consulting, Well Characterization and Evaluation Program for New York State Oil and Gas Wells, Draft Report, Prepared
for the New York State Energy Research and Development Authority, PSA No. 7012, July 2003, Page 5.

" ICF Consulting, Well Characterization and Evaluation Program for New York State Oil and Gas Wells, Draft Report, Prepared
for the New York State Energy Research and Development Authority, PSA No. 7012, July 2003, Page 36.
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e Improperly Abandoned Well. This term describes a well that was P&A’d, but was done so in a
manner where the well still poses a risk to the environment (e.g. insufficient barriers or cement used
to seal the well). Because operators typically do not monitor the condition of P&A’d wells,
improperly abandoned wells often go un-resolved.

The problem of improperly abandoned wells in NYS may be a significant issue, because NYS’
P&A regulations currently only require 15° cement plugs, which NYSDEC now recognizes as
deficient. Therefore, most wells in the state were not P&A’d using a quality standard that would be
considered best technology and best practice today.

e Orphaned Well. This term describes a well that was orphaned by the well operator (e.g. insolvent,
absentee, or non-responsive well owners) and the well was not P&A’d. Because, by definition, an
“orphaned well” does not have an operator to monitor its condition, permanent abandonment of
these wells typically becomes a government or property owner responsibility. Given limited agency
resources, the magnitude of the environmental hazard posed by any particular orphaned well often
is unknown. Unless government or property owners make it a priority to fund well monitoring or
plug the well, the potential environmental impacts of orphaned wells cannot be ascertained.

In 2003, ICF Consulting, further examined 4,140 of the long-term inactive wells in NYS and concluded
that:

e 546 of the 4,140 wells (13%) were drilled and completed before 1924 (over 87 years old now);

e 1,568 of the 4,140 wells (38%) were drilled and completed from 1924-1964 (at least 47 years old
now, and possibly up to 87 years old); and

e 2,026 of the 4,140 wells (49%) had no information on the date of complete or condition.””

Therefore, there are 2,114 wells that are at least 47 years old and some more than 87 years old that still
have not been properly abandoned in NYS, and 2,026 wells where the age and condition is unknown (and
must be assumed improperly abandoned).

NYS’ 2009 Annual Oil and Gas Report78 shows improperly abandoned and orphaned wells continue to be
a significant problem in NYS. NYSDEC reports:

Abandoned, unreported and inactive wells continued to be a problem. [n 2009 a total of
450 operators reported 3,043 wells with zero production. This is in addition to over
4,100 orphaned and inactive wells in the Department’s records. Enforcement actions
have reduced the number of unreported wells yet some operators refused to file their
annual reports. The operators that remained out of compliance have been referred to the
Office of General Counsél for additional enforcement actions.[emphasis added]

DEC has at least partial records on 40,000 wells, but estimates that over 75,000 oil and
gas wells have been drilled in the State since the 1820s. Most of the wells date from
before New York established a requlatory program. Many of these old wells were never
properly plugged or were plugged using older techniques that were less reliable and
long-/asting than modern methods. [emphasis added]

" ICF Consulting, Well Characterization and Evaluation Program for New York State Oil and Gas Wells, Draft Report, Prepared
for the New York State Energy Research and Development Authority, PSA No. 7012, July 2003, Page 32.

8 New York State Oil, Gas and Mineral Resources, 26™ Annual Report for Year 2009 and Appendices, Prepared by NYSDEC,
2009, pp. 22-23.
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Every year while conducting scheduled inspections or investigating complaints, DEC
staff discover more abandoned wells. Extensive courthouse research is often required to
identify a well’s previous owners. Many of these cases take several years to resolve as
DEC pursues legal action against the responsible parties.

New York has an Oil and Gas Account which was created to plug problem abandoned
wells. It is funded by a § 100 per well permit fee, at the end of 2009 the balance was
$208,806. DEC has over 500 wells on its priority plugging list. Since the funads are
insufficient to pluq all the priority wells, DEC continues to pursue other mechanisms to
plug abandoned wells [emphasis added)].

Well construction standards, techniques and technology have improved over time, and it is reasonable to
assume that most of these long-term idle wells were not constructed to today’s standards, have been
subject to mechanical wear and corrosion, and warrant proper abandonment to mitigate risk to protected
groundwater resources.

To compound problems, many wells that have not been properly abandoned do not have financial security
(e.g. bonds) in place to fund P&A work. ICF reported that, in 2003, NY'S had more than 3,500 wells that
needed to be P&A’d, but there was no financial security in place (e.g. wells that were grandfathered from
NYS bonding requirements). Additionally, ICF reported that 675 of the existing oil and gas wells in NYS
have operators that do not comply with the current bonding requirements, and numerous operators that
might comply with the existing bonding requirements have plugging liability in amounts that exceed
NYS’ current bonding requirements, which are too low and do not keep pace with the actual costs of
P&A’ing wells today.79

The number of temporarily abandoned wells, improperly abandoned wells, and orphaned wells in NYS is
a significant issue as shale gas resources are developed, because these old wells could provide a vertical
conduit for pollutants to reach protected aquifers. Shale gas wells drilled and fracture stimulated nearby a
temporarily abandoned, improperly abandoned, or orphaned well pose a risk. For example, a HVHF
treatment can propagate a fracture that, depending on geology, HVHF design, and well depths, could pose
a risk of intersection with a nearby well (active producer, abandoned or orphaned well).

Temporarily abandoned wells, improperly abandoned wells, and orphaned wells all pose a risk to the
environment. Wellbore infrastructure can corrode and erode, failing over time and creating a potential
pollutant pathway for hydrocarbons to move vertically through failed casing or cement to groundwater
resources. These wells can either leak gas on their own or provide a vertical pollutant pathway to
groundwater resources that can be activated by new well activity nearby.

In 2009, HCLLC recommended that temporary abandonment be limited to no longer than a one-year
period, with a wellbore integrity monitoring requirement to ensure that the well is not leaking during
temporary abandonment, and a requirement to permanently abandon the well after it is idle for more than
a year. HCLLC recommended that NYSDEC carefully examine idle wells that have not been properly
P&A’d and that are in close proximity to drinking water sources and in areas under consideration for new
HVHF treatments, and require those wells to be P&A’d as a high priority and before shale gas drilling
operations commence in those areas.

" ICF Consulting, Well Characterization and Evaluation Program for New York State Oil and Gas Wells, Draft Report, Prepared
for the New York State Energy Research and Development Authority, PSA No. 7012, July 2003, Page 35-36.
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A report documenting specific cases of well pollution caused by NYS’ improperly abandoned wells or
orphaned wells could not be located; however, neighboring Pennsylvania has completed an analysis of
this problem, and it sheds light on the problems NYS may encounter.

Pollution caused by improperly abandoned wells in Pennsylvania is documented in a 2009 report prepared
by Pennsylvania Department of Environmental Protection (PADEP). The PADEP report lists 27 cases
where improperly abandoned wells have been the source of groundwater contamination.* In some of the
27 cases the wells were abandoned according to the standard practices of the time, but now leak and need
to be re-abandoned using improved materials and techniques. Some of the cases cited by PADEP include
very old well construction techniques, for example, surface casing made out of wood that has rotted away,
and wells with no surface casing or cement installed at all. These wells have provided a conduit for gas
and other pollutants to reach groundwater through damaged or worn casing, poorly installed cement, or
more directly where casing or cement was not initially installed.

PADERP also identified wells that need to be P&A’d, but have not yet been addressed due to the lack of a
responsible party and/or on account of PADEP resource limitations."'

There were three cases cited by PADEP where fracture stimulations in an operating well communicated
with a nearby abandoned well, causing a gas leak in the abandoned well.¥* PADEP’s study highlighted
the importance of locating orphaned and improperly abandoned wells near new oil and gas developments,
and study shows the importance of properly abandoning wells before new development proceeds.

A 2011 Duke University study covering Pennsylvania and New York found methane contamination of
drinking water associated with shale-gas extraction. The study found that methane concentrations were 17
times higher, on average, in drinking water wells in active drilling and extraction areas than in wells in
nonactive areas.” Clearly, the higher incidence rate of methane contamination in drinking water wells in
shale gas extraction areas is not a coincidence, but is an indicator of shale gas drilling and completion
operations mobilizing gas from the shale gas reservoir into protected aquifers. One of the most likely
pathways for leaking of gas mobilized by HVHF is a nearby existing well that either was improperly
constructed or improperly plugged. Given their failed cement, corroded casing, or lack of casing or
cement, such improperly abandoned wells present vertical pathways to aquifers and drinking water
resources.

Mechanical failure, human error, and engineering design flaws do occur in the construction and operation
of wells. Indeed, groundwater contamination has been attributed to operational failures at various
Marcellus Shale gas development operations in Pennsylvania, including operations by Cabot Oil & Gas
Corporation, Catalyst Energy, Inc., and Chesapeake Energy Corporation.

80 «Stray Natural Gas Migration Associated with Oil and Gas Wells” Draft Report. PADEP, Bureau of Oil and Gas Management.
October 28, 2009.

81 «Stray Natural Gas Migration Associated with Oil and Gas Wells” Draft Report. PADEP, Bureau of Oil and Gas Management.
October 28, 2009. Cases include: Independent Valley News Migration, Allegheny County — SWRO — March 2009; Versailles
Migration, Versailles, Allegheny County — SWRO — 2007 through 2008; Childers Migration, Washington County — SWRO —
June 2005; Groshek Migration, Keating Twp., McKean County — NWRO — 2008; and Skinner Migration, Columbus Twp.,
Warren County — NWRO.

82 “Stray Natural Gas Migration Associated with Oil and Gas Wells” Draft Report. PADEP, Bureau of Oil and Gas Management.
October 28, 2009.

8 Osborn, S.G., A. Vengosh, N.R. Warner, R.B. Jackson, 2011 Methane Contamination of Drinking Water Accompanying Gas
Well Drilling and Hydraulic Fracturing, Proceedings of the National Academy of Sciences, U.S.A.; DOL
10.1073/pnas.1100682108, p.2.
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For example, on February 27, 2009, the Pennsylvania Department of Environmental Protection (PADEP)
issued a Notice of Violation to Cabot Oil & Gas Corporation for unpermitted discharge of polluting
substances and failure to prevent gas from entering fresh groundwater, among other deficiencies, in
connection with its drilling activities in Dimock Township.84 PADEP inspectors “...discovered that the
well casings on some of Cabot’s natural gas wells were cemented improperly or insufficiently, allowing
natural gas to migrate to groundwater...DEP ordered Cabot to cease hydro fracking natural gas wells
throughout Susquehanna County.”85 In April 2010, under its consent order and agreement with PADEP,
Cabot was required to plug three leaking wells that contaminated the groundwater and drinking water
supplies of 14 homes in the region.86

In 2011, PADEP issued a cease and desist order to Catalyst Energy, Inc. that prohibited the company
from conducting drilling and hydraulic fracturing operations, after a PADEP investigation confirmed that
private water supplies serving two homes had been contaminated by natural gas and elevated levels of
iron and manganese from Catalyst’s opera‘[ions.87

In May 2011, PADEP determined that improper well casing and cementing in Chesapeake Energy
Corporation’s shallower wells allowed migration into groundwater and caused contaminated 16 families’
drinking water supplies in Bradford County.88

Pennsylvania has found that significant planning and research is needed to identify orphaned and
improperly abandoned wells before drilling nearby wells. At a 2009 Stray Gas Workshop in
Pennsylvania, Garrett Velosi, from the National Energy Technology Laboratory, pointed out that one of
the main problems with stray gas leaks from abandoned wells is verifying the location of improperly
abandoned wells. Records on older wells are often limited or non-existent. Mr. Velosi presented methods
for locating unmarked abandoned wells. They include the use of historic photos, ground magnetic
surveys, and airborne surveys (equipped with magnetometers and methane detectors).89

In January 2011, NYS’ consultant Alpha Geoscience agreed that timely well plugging and abandonment
requirements are important; however, it recommended that establishing “a specific timeline for plugging
and abandonment is neither practical nor necessary.”90 Alpha Geoscience did not examine the large
backlog of improperly abandoned wells in NYS or the risk of groundwater contamination from
improperly abandoned wells located within the radius of influence of new gas wells and HVHF
operations. Alpha Geoscience did not recommend any improved P&A procedures, despite NYCRR’s
outdated requirements. 6 NYCRR § 555.5 requires only 15’ cement plugs, as compared to Texas, Alaska,
and Pennsylvania regulations that require a series of 50’-200° cement plugs at various locations within the
wellbore.

84 http://www.portal.state.pa.us/portal/server.pt/community/newsroom/142872id=2418&typeid=1.
85 http://www.portal.state.pa.us/portal/server.pt/community/newsroom/14287?id=2418&typeid=1.
8 http://www.portal.state.pa.us/portal/server.pt/community/newsroom/142872id=10586&typeid=1.

87 DEP Orders Catalyst Energy to Stop Operations at Gas Wells in Forest County Village, available at
| http://www.portal.state.pa.us/portal/server.pt/community/newsroom/14287?id=16894 & typeid=1 !

¥ DEP Fines Chesapeake Energy More Than $1 Million, available at
|httn://www.nortal.state.pa.us/portal/server.pt/communitv/newsroom/ 14287?1d=17405&typeid=1 !

% Veloski, G., National Energy Technology Laboratory, Methods for Locating Wells in Urban Areas — A Summary of Case
Studies, Pennsylvania Stray Gas Workshop, November 2009.

% Alpha Geoscience, Review of the dSGEIS and Identification Best Technology and Best Practices Recommendations Harvey
Consulting, LLC, December 28, 2009, prepared for NYSERDA, January 20, 2011
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HCLLC disagrees with Alpha Geoscience’s recommendation to NYSDEC. Alpha Geoscience’s
recommendation also conflicts with prior advice from ICF to NYSERDA. HCLLC finds that it is
practical and necessary to properly abandon wells on a reasonable timeline, and recommends that
NYCRR be improved to include best practices and techniques for permanent wellbore abandonment.

2011 RDSGEIS: The 2011 RDSGEIS document is inconsistent on its recommendations for P&A’ing
wells. In Chapter 5, NYSDEC concludes that no improvements are needed in the NYCRR regulations,
but proposes changes to improve the regulations at 6 NYCRR § 555.5. In Chapter 6, NYSDEC concludes
that it is not possible for HVHF treatments to intersect improperly abandoned wells; yet, in Chapter 7
NYSDEC proposed mitigation to address this very risk. These inconsistencies are further explained
below, with recommendations for resolving them.

Chapter 5 of the RDSGEIS concludes that well plugging procedures and requirements in the existing
NYCRR (described in the 1992 GEIS) are sufficient to address the risk of improperly abandoned wells.
The 2011 RDSGEIS states:

As described in the 1992 GEIS, any unsuccessful well or well whose productive life is
over must be properly plugged and abandoned, in accordance with Department-issued
plugging permits and under the oversight of Department field inspectors. Proper
plugqing is critical for the continue protection of groundwater, surface water bodies
and soil. Financial security to ensure funds for well plugging is required before the
permit to drill is issued, and must be maintained for the life of the well [emphasis
added].”’

When a well is plugged, downhole equipment is removed from the wellbore, uncemented
casing in critical areas must be either pulled or perforated, and cement must be placed
across or squeezed at these intervals to ensure seals between hydrocarbon and water-
bearing zones. These downhole cement plugs supplement the cement seal that already
exists at least behind the surface (i.e., fresh-water protection) casing and above the
completion zone behind production casing.

Intervals between plugs must be filled with a heavy mud or other approved fluid. For gas
wells, in addition to the downhole cement plugs, a minimum of 50 feet of cement must be
placed in the top of the wellbore to prevent any release or escape of hydrocarbons or
brine from the wellbore. This plug also serves to prevent wellbore access from the
surface, eliminating it as a safety hazard or disposal site. Removal of all surface
equipment and full site restoration are required after the well is plugged.

The plugging requirements summarized above are described in detail in Chapter 11 of
the 1992 GEIS and are enforced as conditions on plugging permits. Issuance of plugging
permits is classified as a Type Il action under SEQRA. Proper well plugging is a
beneficial action with the sole purpose of environmental protection, and constitutes a
routine agency action. Horizontal drilling and high-volume hydraulic fracturing do not
necessitate any new or different methoas for well plugging that require further SEQRA
review [emphasis added]. ™

12011 NYSDEC, RDSGEIS, Page 5-143.
°22011 NYSDEC, RDSGEIS, Page 5-144.
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While NYSDEC agrees that proper well P&A is critical to the protection of groundwater, surface water,
and soil, it concludes that horizontal drilling and HVHF shale gas wells do not require any new or
different P&A methods. However, this conclusion is inconsistent with NYSDEC’s proposed revisions to
the P&A procedures at 6 NYCRR § 555.5, this proposal suggests that the existing regulations do not
represent best practices.

Recommendation No. 22: The SGEIS should be revised to state that the existing P& A
procedures at 6 NYCRR § 555.5 were determined to be outdated and not best practice and that
NYSDEC has proposed revisions. The basis for NYSDEC’s proposed revisions should be
justified in the SGEIS, and include a review of other states’ best practices for P&A.

Chapter 5 of the RDSGEIS does not address: (1) whether NYS has a backlog of wells requiring P&A in
close proximity to drinking water sources; (2) whether NYS has a backlog of wells requiring P&A in
close proximity to areas under consideration for HVHF treatments; (3) whether a procedure needs to be
put in place to examine the number, type, and condition of wells requiring P&A in close proximity to new
shale gas development; and (4) whether plugging improperly abandoned and orphaned wells should be
required where such wells are in close proximity to new HVHF treatments.

Recommendation No. 23: The SGEIS should examine: the number of improperly abandoned or
orphaned wells in NYS requiring P&A in close proximity to drinking water sources or in close
proximity to areas under consideration for HVHF treatments; whether a procedure needs to be put
in place to examine the number, type, and condition of wells requiring P&A in close proximity to
new shale gas development; and whether plugging improperly abandoned and orphaned wells
should be required where such wells are in close proximity to new HVHF treatments.

For example, maps showing the location and depth of NY'S’ temporarily abandoned, improperly
abandoned, or orphaned wells could not be located; however, this data is needed to ensure safe
development of shale gas resources. The RDSGEIS proposes that operators identify any existing well
listed in NYSDEC’s Oil & Gas database within one mile of the proposed HVHF well93; however, ICF’s
2003 report to NYSERDA points out that there are a large number of old wells in NYS where location or
well condition data is not avail