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September 12, 2016
Kimberly Bose, Secretary
Nathaniel J. Davis, Sr., Deputy Secretary
Federal Energy Regulatory Commission
888 First Street NE, Room 1A
Washington, DC 20426
RE:
OEP/DG2E/Gas 2
PennEast Pipeline Company, LLC
FERC Docket No. CP15558000
FERC/EIS0271D
Secretary Bose:
On Friday, July 22, 2016, the Federal Energy Regulatory Commission (FERC) issued a Draft
Environmental Impact Statement (DEIS) for the PennEast Pipeline project that is 1,174 pages long
giving September 5, 2016 as the deadline for comments (only changing the deadline to September 12,
2016 partway through the comment cycle).
A 45-52 day comment period, most of which fell during the end of July and the month of
August, which is among the highest vacation times in our region, displays an offensive and
unnecessary abuse of power clearly designed to serve the goals of the PennEast Pipeline Company to
get a quick answer rather than showing fairness to the people who want and need to comment on the
PennEast Pipeline proposal because they are going to be deeply and irreparably harmed.
FERC owes the communities at least (at the very least) a full 120 days (an additional 68 days)
to review the information and maps provided by PennEast. In order to provide informed comment
not only do people need to review the voluminous DEIS, but we need to assess the information and
data behind it, verify the information asserted, identify any potential data gaps that exist, and engage
the experts necessary to provide the detailed comprehensive review that a project of this size needs
and deserves. To even suggest 45 days (52 with the extra week FERC was forced to provide given
that originally the comment period ended on a federal holiday) is a significant insult to those who
want to meaningfully participate and have their voices heard, but also demonstrates to our
communities that FERC lifts the needs of the pipeline industry over those directly impacted by the
proposed Project.
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The DEIS, states that the PennEast Pipeline involves:
• 115.1 miles 36-inch diameter pipeline from Luzerne County, PA to Mercer County, NJ
• 2.1 mile Hellertown lateral, a 12 inch diameter pipe in Northampton County, PA
• 0.1 mile Gilbert lateral, a 12 inch diameter pipe in Hunterdon County, NJ
• 1.5 mile Lambertville lateral, a 36 inch diameter pipe in Hunterdon County, NJ
• 47,700 horsepower compressor station in Kidder Township, Carbon County, PA driven by
3 gas powered Solar Mars 100 units rated at 15,900 hp each
• 8 meter and regulator stations for interconnects
• 11 mainline valve sites
• 4 pig launcher/receiver sites
According to the DEIS, construction of the project will impact 1,613.5 acres of land (1,065.2
acres for pipeline facilities, 110.1 acres for access roads; 372.3 acres for pipe and contractor ware
yards, 31.1 acres for above ground facilities). According to the DEIS the project will at least cut
through 255 waterbodies (including 159 perennial, 45 intermittent, 40 ephemeral, 11 open water),
633 acres of forest, 91 acres of wetlands, impact “several” vernal pools, and infringe upon and damage
habitat for threatened and endangered species of bat, sturgeon, snake, turtle, mussels and more. This
comment and others will prove that these impacts are sorely understated, incomplete, and
misrepresent the footprint and damage that would be inflicted if the PennEast pipeline were built.
This comment, along with others, demonstrates that the DEIS issued by FERC cannot be said to
fulfill its legal obligations pursuant to the National Environmental Policy Act (NEPA), that a new or
supplemental Complete DEIS with associated comment period and public hearings is required, and
that absent taking such a step FERC will be in violation of the law. Specifically, the DEIS fails establish
an accurate baseline from which a determination can be made regarding the significance of the
impacts resulting from construction and operational activity of the Project, the DEIS fails to examine
the cumulative and induced development that would result from the approval of the Project, the DEIS
improperly segments its environmental analysis with regard to other interdependent projects, the
DEIS does not sufficiently account for climate change impacts, the DEIS’s alternatives analysis is
unlawfully narrow, and the DEIS fails to sufficiently establish need for the Project. Additional
deficiencies are noted throughout this comment letter, and the attached expert reports.
Given the lack of need, the self-serving interests of the PennEast companies (AGL Resources;
NJR Pipeline Company; PSEG Power; SJI Midstream; Spectra Energy Partners; UGI Energy Services) to
advance this project, the high level of environmental, community and economic harm that will be
inflicted, the use of eminent domain purely for private gain, the threat and harms to the health, safety
and natural resources of the communities impacted as well as to future generations, this project
cannot be said to meet the standards for FERC to issue a Certificate of Public Convenience and
Necessity.
The DEIS is unable to support its conclusion that construction of PennEast as proposed by the
company and FERC will not have significant adverse environmental impacts
FERC asserts in its DEIS:
“We determined that construction and operation of the PennEast Project would result
in some adverse environmental impacts. Most of these impacts would be temporary or
short-term during construction and operation, but long-term and potentially
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permanent environmental impacts on vegetation, wetlands, and individual fish and
wildlife species would also occur as part of the Project. However, if the Project is
constructed and operated in accordance with applicable laws and regulations, the
mitigating measures discussed in this EIS, and our recommendations, most of the
adverse impacts would be reduced to less than significant levels.”
While FERC argues that it used information from outside sources to reach this conclusion, it is
clear on the record that FERC adopted, whole cloth, PennEast Company’s information, filings,
characterizations, language, assertions, information and conclusions. FERC did not conduct the kind
of independent, rigorous review anticipated or mandated by NEPA.
NEPA is our “basic national charter for protection of the environment.” 40 C.F.R. § 1500.1(a).
As such, it makes environmental protection a part of the mandate of every federal agency. See 42
U.S.C. § 4332(1). NEPA requires that federal agencies take environmental considerations into account
in their decision-making “to the fullest extent possible.” 42 U.S.C. § 4332. Federal agencies must
consider environmental harms and the means of preventing them in a “detailed statement” before
approving any “major federal action significantly affecting the quality of the human environment.” Id.
§ 4332(2)(C). When preparing an Environmental Impact Statement (EIS), an agency must take a
detailed, “hard look” at the environmental impact of and alternatives to the proposed action.
Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 350 (1989). This required analysis serves to
ensure that “the agency will not act on incomplete information, only to regret its decision after it is
too late to correct.” Marsh v. Oregon Natural Res. Council, 490 U.S. 360, 371 (1979).
NEPA also “guarantees that the relevant information [concerning environmental impacts] will
be made available to the larger audience,” including the public, “that may also play a role in the
decision-making process and the implementation of the decision.” Robertson, 490 U.S. at 349. As
NEPA’s implementing regulations explicitly provide, “public scrutiny [is] essential to implementing
NEPA.” 40 C.F.R. § 1500.1(b). The opportunity for public participation guaranteed by NEPA ensures
that agencies will not take final action until after their analysis of the environmental impacts of their
proposed actions has been subject to public scrutiny. See N. Plains Res. Council v. Surface Transp. Bd.,
668 F.3d 1067, 1085 (9th Cir. 2011) (noting that where “data is not available during the EIS process
and is not available to the public for comment,” the process “cannot serve its larger informational role,
and the public is deprived of their opportunity to play a role in the decision-making process”)
(quoting Robertson, 490 U.S. at 349).
An EIS must fully assess and disclose the complete range of environmental consequences of the
proposed action, including “ecological (such as the effects on natural resources and on the
components, structures, and functioning of affected ecosystems), aesthetic, historic, [and] cultural”
impacts, “whether direct, indirect, or cumulative.” 40 C.F.R. §§ 1502.16(a), (b); 1508.8. Direct effects
are “caused by the action and occur at the same time and place.” 40 C.F.R. § 1508.8(a). Indirect effects
are those impacts that are caused by the action, but occur “later in time or farther removed in
distance, but are still reasonably foreseeable,” and may include “growth inducing effects and other
effects related to induced changes in the pattern of land use, population density or growth rate, and
related effects on air and water and other natural systems, including ecosystems.” 40 C.F.R. § 1508.8.
Cumulative impacts are “impact[s] on the environment which result[] from the incremental impact of
the action when added to other past, present, and reasonably foreseeable future actions regardless of
what agency (Federal or non-Federal) or person undertakes such other actions. ” 40 C.F.R. § 1508.7
(emphasis added). As the regulations make clear, “[c]umulative impacts can result from individually
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minor but collectively significant actions taking place over a period of time.” Id. In addition, NEPA
requires FERC to take a hard look at the ways to avoid or mitigate the Projects’ impacts.
NEPA is an “environmental full disclosure law.” Monroe Cnty. Conservation Council, Inc. v. Volpe,
472 F.2d 693, 697 (2d Cir. 1972). It requires that an agency obtain and consider detailed information
concerning environmental impacts, and it “ensures that an agency will not act on incomplete
information, at least in part, by ensuring that the public will be able to analyze and comment on an
action’s environmental implications.” Ohio Valley Envtl. Coal. v. U.S. Army Corps of Eng’rs, 674 F. Supp.
2d 783, 792 (S.D. W. Va. 2009) (internal quotation marks and citations omitted). The information
provided to the public “must be of high quality” because “[a]ccurate scientific analysis, expert agency
comments, and public scrutiny are essential to implementing NEPA.” 40 C.F.R. § 1500.1(b). The
potential adverse effects of the PennEast Project cannot be adequately analyzed without complete
data on all affected resources. However, as described below the DEIS falls short in a significant
number of areas.
As evidenced by this comment and the attached expert reports, the DEIS does not contain the
complete or accurate information required to reach this asserted conclusion, or any meaningful
conclusion for that matter. The DEIS is filled with key data gaps, misrepresentations, misinformation,
missing information, inaccurate information, false information, and conflicting information and is
likewise based on submissions from PennEast that are filled with data gaps, misrepresentations,
misinformation, missing information, inaccurate information, false information, and conflicting
information. The quality of the DEIS is so poor that it cannot support any conclusion whatsoever,
other than there is a need for a supplemental DEIS that is subject to the rigors of the public process
prior to advancement to the final EIS stage.
In addition, it is clear that this DEIS cannot be relied upon by any government agency, not
FERC, not the US Fish & Wildlife Service, not the U.S. Army Corps of Engineers, not the U.S.
Environmental Protection Agency, not the NJ Department of Environmental Protection, not the PA
Department of Environmental Protection, not the Delaware River Basin Commission for evaluation or
decision-making purposes. And for any agency to do so would subject them to successful legal
challenge.
In addition to the immense deficiencies and inaccuracies in the FERC DEIS, it is unbelievable
that FERC determines the PennEast Pipeline will not have a significant impact on the environment
and communities, with or without the mitigation FERC postures given the reality of the harms to be
inflicted which include, by way of a short list:


The PennEast pipeline will likely induce the drilling of 3,000 new wells in Pennsylvania (from a
combination of wells that have been drilled but are not yet producing and wells not yet drilled)
in Northeast Pennsylvania, in Bradford, Susquehanna, Lycoming, and Tioga counties. The DEIS
ignores analysis of the resulting impacts. (See discussion below)



The DEIS fails to properly respond to the Counsel on Environmental Quality’s new guidance
regarding consideration of the greenhouse gas emissions of the proposed PennEast pipeline
project and its climate changing ramifications. (See discussion below)



In Carbon County, 560 people live within 2 miles of the proposed compressor station. From
existing experience we can anticipate “504 people experiencing odor events, 398 people
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experiencing respiratory impacts, 325 people experiencing sinus problems, and 218 people
experiencing sleep disturbances and/or severe headaches.” 1


“PennEast, LLC estimates the pipeline would transport 401,500,000 dekatherms annually,
contributing to an equivalent of 20.1 metric tons of CO2 emitted per year (U.S. EPA, 2016a).
Using the most conservative estimate of the cost per metric ton of carbon (U.S. EPA, 2016b),
the additional emission of CO2 would cost $252.4 million annually.” 2



Using “conservative assumptions, the Kidder compressor station would reduce the value of 43
properties by a total of $1.9 million dollars.” 3



While the DEIS considers all presumed benefits advanced by PennEast, it ignores the economic
damage inflicted to public health, property values, jobs, businesses and from the loss of
ecosystem services. 4



While 75% of the stream crossings will be undertaken using open cut methods, only 26% of
the 189 road crossings will be open cut with horizontal directional drilling used to avoid
impacts on 74% of the roadways crossed – demonstrating that both FERC and PennEast place
a higher priority on avoiding disturbance of roadways than protecting streams, including
streams of the highest quality in Pennsylvania and New Jersey. 5



The single largest land use to be disturbed in Pennsylvania is forest -- 59% of the pipeline
length in Pennsylvania. 6



The PennEast pipeline would cause an initial loss of $7.3 million in ecosystem services during a
one year construction period. For each year the pipeline is in operation, the pipeline would
induce an additional loss of $2.4 million in ecosystem services due to conversion of land in the
ROW. Land converted for use as permanent pipeline related infrastructure would mean an

See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
2 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
3 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
4 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
5 Adams, Michelle and Henderson, Marc, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016.
6 Adams, Michelle, and Henderson, Marc, Water Resources Engineers, Meliora Design, LLC,
Professional Review & Comment of the Draft Environmental Impact Statement and Supporting
Documents Related to Surface Water Impacts of the Proposed PennEast Pipeline Project, September
2016.
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additional loss of $218,200 each year. Such losses are not accounted for in the DEIS or FERC’s
balancing of the economic costs of the project. 7


Key-Log Economics estimates that construction of the PennEast pipeline would result in a loss
of $158.3 to $176.0 million in property value in the right of way and evacuation zone.8



44 dry stream crossings will impact Conservation Areas and Public Lands, and 14 dry stream
crossings will impact areas held in private conservation easement.9



Shallow bedrock is a common feature along 33 miles and 302 sections of the route that likely
would require blasting (Table G-3) - 69% of Hunterdon Co., 35% of Northampton Co., 28% of
Carbon Co., 25% of Luzerne County, and 23% of Mercer County have shallow bedrock.



Spot checks and field-truthing indicate inadequate and incomplete mapping of sensitive
wetlands along the proposed ROW. Along one 0.5 mile of the proposed route in sensitive State
Gamelands, at least 12 vernal pool complexes or groundwater seeps were identified while
PennEast tables only indicate 2 vernal pool habitats along the same proposed route and no
groundwater seeps.10



At least 43 waterbody crossings have steep slopes that would be cut by the pipeline. These 43
crossings are proposed to have additional temporary work spaces (ATWS) within 50 ft. of
sensitive water features, adding to the potential erosion threats to these steep banks and the
nearby sensitive streams where sediment pollution can cause long term harm.11



“Pennsylvania was already grossly over-supplied and that the proposed additional 1 Bcf/d
supply would result in an over-supply for New Jersey of approximately 53%,” and there is no
evidence that PennEast will result in lowered costs for consumers.12



A total of 8 NJ state threatened, endangered, or special concern mussel species are completely
left out of the EIS. These species are as follows: triangle floater (threatened), brook floater
(endangered), yellow lampmussel (threatened), eastern lampmussel (threatened), green
floater (endangered), tidewater mucket (threatened), eastern pondmussel (threatened), and
creeper (species of special concern). All eight of these species may potentially occur in various

See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
8 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
9 Adams, Michelle, and Henderson, Marc, Water Resources Engineers, Meliora Design, LLC,
Professional Review & Comment of the Draft Environmental Impact Statement and Supporting
Documents Related to Surface Water Impacts of the Proposed PennEast Pipeline Project, September
2016.
10 Delaware Riverkeeper Network. Field-Truthing and Monitoring of the Proposed PennEast Pipeline,
FERC Draft EIS, Docket No. CP15-558, September 2016.
11 Delaware Riverkeeper Network. Field-Truthing and Monitoring of the Proposed PennEast Pipeline,
FERC Draft EIS, Docket No. CP15-558, September 2016.
12 Berman, Arthur. Professional Opinion on the PennEast Pipeline, Labrynth Consulting Services, Inc.
February 2015 and September 11, 2016.
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waterbodies crossed by the project, based on the GIS range maps created by the Conserve
Wildlife Foundation of New Jersey


“Pennsylvania was already grossly over-supplied and that the proposed additional 1 Bcf/d
supply would result in an over-supply for New Jersey of approximately 53%,” and there is no
evidence that PennEast will result in lowered costs for consumers.13



“72% of the proposed pipeline alignment in New Jersey and 23% in Pennsylvania has not yet
been field investigated for wetlands and other water resources.”14



Investigation is incomplete for vernal pools; in Pennsylvania, survey work is 21% incomplete;
in New Jersey, it is 74% incomplete.



FERC's statement that "there are no private water supply wells or springs located within 150
feet of the pipeline construction workspace in Pennsylvania" (DEIS, page ES-5) is
false. Delaware Riverkeeper Network experts have “identified properties and specific
landowners in Pennsylvania where there are (confirmed), or where there are likely to be,
springs or drinking water wells located within 150 feet of the proposed pipeline construction
workspace.”

The information that has been garnered from the DEIS materials, the filed resource reports,
filings with other regulatory agencies, that were then vetted, analyzed and in some cases field verified
by third party experts and DRN demonstrates that this project will inflict substantial adverse
environmental and community impacts regardless of implementation of the supposed mitigation
recommended by FERC. In addition to the comments specifically discussed here, the expert reports
filed herewith include a number of other factual and legal deficiencies that are adopted by DRN and
incorporated by reference.
DEIS assertion of need is contradicted by the preponderance of the evidence and is largely a
statement of industry desires rather than public need
The DEIS asserts the proposed pipeline is necessary to serve New Jersey and eastern
Pennsylvania communities and some unidentified “surrounding states”. It is asserted that the project
is needed to “provide low cost natural gas produced from the Marcellus Shale region”. The DEIS
asserts that there is a need to displace Gulf Coast gas with cheaper and reliable access to Marcellus
shale gas. It is asserted that there is a need for the project in order to “provide enhanced competition
among natural gas suppliers and pipeline transportation providers.” The DEIS asserts there is a need
in order to allow “supply flexibility”, “diversity”, “reliability”, better pricing, and to allow direct access
to long lived dry gas reserves.
Berman, Arthur. Professional Opinion on the PennEast Pipeline, Labrynth Consulting Services, Inc.
February 2015 and September 11, 2016; Berman, Arthur. PennEast Updated Opinion, September 11,
2016.
14 The Effects of the Proposed PennEast Pipeline on Exceptional Value Wetlands in Pennsylvania,
Prepared for the Delaware Riverkeeper Network, Schmid and Company, July 2016; Letter dated
September 9, 2016 written by Schmid & Company, Consulting Ecologists to Maya K. van Rossum, the
Delaware Riverkeeper.
13
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However, none of these are “needs”. These are industry desires, goals, hopes, dreams, wishes
and wants. However you look at it, these claims do not assert a “need” for the gas. They assert a
desire by the pipeline company to be able to provide a different source of gas so it can make money.
These are very clearly private corporate goals and gains. These are not “needs” of the public; they are
desires of private industry.
In fact, there is no need for the gas PennEast would carry to New Jersey and Pennsylvania;
both states are fully supplied. And to the degree that PennEast wants to assert it is delivering the gas
to other unknown, unidentified states -- in order to substantiate this claim and subject it to the public
process that is required by NEPA, more detail is required that actually identifies the states and the
users.
As noted in the attached expert report from Arthur Berman15:
“Natural gas consumption for New Jersey has been relatively flat for the past four years at
average rate of 1.8 billion cubic feet of gas per day (Bcf/d), somewhat below the higher
levels of the late 1990s. Although consumption increased slightly in 2013 compared to
the three previous years, New Jersey cannot be called a growth market….”
“The proposed PennEast Pipeline would deliver an additional 1 Bcf/d of natural gas to
New Jersey potentially creating a 53% supply surplus above the current level of
consumption.” and “…Pennsylvania has no unfulfilled demand…”
“Because of the lack of demand for Marcellus gas in Pennsylvania and adjacent New
Jersey, it is possible that PennEast and its committed suppliers have an unstated intent to
send gas to other markets not specified in their proposal….”
“There is no evidence…that more gas supply [would] result[] in lower costs to
consumers” “All leading companies in the Marcellus and Utica plays reported net losses
for the second quarter of 2015”.
A second report issued by Arthur Berman further clarifies that16:
“There is no evidence…that more gas supply [would] result[] in lower costs to
consumers”
“All leading companies in the Marcellus and Utica plays reported net losses for the second
quarter of 2015”
“U.S. gas production is declining and shale gas output is down almost 2.5 Bcf per day”

Berman, Arthur, Professional Opinion of Proposed PennEast Pipeline Project, Petroleum Geologist,
Labyrinth Consulting Services, Inc., February 26, 2015
16 Berman, Arthur, PennEast Opinion Updated, Petroleum Geologist, Labyrinth Consulting Services,
Inc., September 11, 2016
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An additional expert report generated by Skipping Stone (already on the record but also
attached) similarly finds a lack of need for the capacity of PennEast. According to this report,
PennEast obtains many of its clients by commitments to switch from one pipeline to the other, which
means unfilled excess capacity, not more needed gas delivered. According to Skipping Stone, similar
to Labyrinth Consulting:17
“Local gas distribution companies in the Eastern Pennsylvania and New Jersey market
have more than enough firm capacity to meet the needs of customers during peak winter
periods. Our analysis shows there is currently 49.9% more capacity than needed to meet
even the harsh winter experienced in 2013”
This demonstration of a lack of need is complimented by the predictions and concerns of
experts that the industry is proposing an “overbuild” of pipelines from the Marcellus and Utica
shales:18
“Speaking to attendees at the 21st Annual LDC Gas Forums Northeast conference in
Boston Tuesday, Braziel said an evaluation of price and production scenarios through
2021 suggests the industry is planning too many pipelines to relieve the region’s current
capacity constraints.”
“What we’re really seeing is the tail end of a bubble, and what’s actually happened is that
bubble attracted billions of dollars’ worth of infrastructure investment that now has to be
worked off,” Braziel said.
Lack of “need” for gas in Pennsylvania is also asserted by a Labrynth Consulting reaction to a
recently released report advocating for more pipelines for similar goals, to fulfill an asserted need for
gas and to reduce prices in the region. In this responsive analysis the assertion of a need for the gas
was proven false with facts:
“First, Pennsylvania exported 3.23 Bcfd to other regions of the country in 2015 an
amount almost equal to its 2014 consumption of 3.3 Bcfd. There is plenty of existing
pipeline capacity to meet Pennsylvania’s demand and enough left over to send out of
the state.” 19
The assertion that PennEast is intended to provide “enhanced competition” and cheaper
pricing for industry users is not a need – it is a corporate desire, but it is not a need. It is an abuse of
process and power for FERC to allow PennEast to claim that cheaper prices and setting the PennEast
companies up to better compete with other industries fulfills the requirement of “need”. Approving
construction of a pipeline project, granting it exemption from state and local laws, giving it the power
of eminent domain, so it can take private property, so it can take publicly preserved parks, forests and
natural lands, in order to inflict un-mitigatable and irreparable harms, all so the pipeline company can
achieve its independent goal of greater profits and other industries can save a buck on the backs of
the rest of us, subjecting communities to the threat and reality of pipeline accidents, incidents and

Analysis of Public Benefit Regarding PennEast, Skipping Stone, March 9, 2016
Marcellus/Utica on Pace for Pipeline Overbuild, Says Braziel, Natural Gas Intelligence, June 8, 2016
19 Labrynth Consulting responding to “A Pipeline For Growth Report”
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explosions (which happen with concerning regularity) does not characterize a legitimate need that
warrants the property takings and associated harms.
The assertion that PennEast is necessary to provide greater reliability is also not a “need”.
There is no evidence that New Jersey, Pennsylvania, and the undisclosed other states do not have
reliable access to energy sources, gas or otherwise. The reports above document that in fact both
states are already fully and reliably served. It is incumbent upon PennEast to demonstrate there is a
reliability problem, and that the proposed project will necessarily ameliorate this problem. They have
not done so.
Regarding the claim that PennEast is “needed” to provide direct access to long lived reserves,
this claim is neither explored nor demonstrated by the DEIS document. In fact, there is a wealth of
analysis which documents that shale gas will soon be on a swift decline and as such is not in fact a
long term reliable source of energy; to the contrary it is a short term fix that will quickly run dry and
require replacement with other energy sources. As the Post Carbon Institute’s Drilling Deeper
report fully documents, the shale gas and tight oil industries have a short life, one that is only a few
decades long. 20 Multiple experts reach similar conclusions when reflecting on EIA figures, current
production rates, and other objective data, e.g. findings of Labrynth consulting when reacting to a
recently released report titled, “A Pipeline For Growth” found:
Official EIA proven developed producing shale gas reserves for the Marcellus Shale are
84.5 trillion cubic feet (Tcf) and, for the Utica Shale, 6.4 Tcf (Table 1). That suggests
approximately 18 years of supply at current production rates. There are approximately
27 years of supply including proven undeveloped reserves (PUD).21
Construction of a 40 year pipeline for an energy source that will peak by 2020 and be on
decline thereafter is irrational and cannot be said to fulfill the definition of a “need”.
The claim that this pipeline is “needed” in order to provide lower cost gas to New Jersey and
Pennsylvania customers is not a “need” (as discussed above and in the attached expert reports) but in
addition, it cannot be an expected outcome of this project. The construction of the PennEast pipeline
may, to the contrary, contribute to an increase in gas prices for many in PennEast’s identified service
area.
Natural gas prices are lowest in the regions in which gas is produced. For many years, the
lowest natural gas prices in the East were found at Henry Hub, located near the Gulf of Mexico where
much of the natural gas in the United States was produced. With the increase in shale gas production,
however, the lowest natural gas prices in the country are now found at trading points in and around
the Marcellus and Utica shale plays in Pennsylvania, West Virginia, and Ohio. Availability of pipeline
infrastructure to send natural gas to other regions has a direct impact on the price of natural gas in
those regions—greater gas take-away capacity allows more natural gas to be produced, and an
increase in supply will lead to a decline in price in those regions that receive additional gas. The
improved access to higher priced markets via additional pipeline infrastructure will raise the price of
natural gas in the producing region, which also will increase production – in this case the producing
region is Pennsylvania, therefore it is not a given that prices would in fact reduce. In addition, while
http://www.postcarbon.org/publications/drillingdeeper/
Labrynth Consulting responding to “A Pipeline For Growth Report”
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generally speaking increasing the supply in a nonproducing region (such as NJ) from a lower cost
producing region (Pennsylvania) may be expected to lower prices in the downstream market, one
recent study that was specific to the PennEast Pipeline showed how gas rates for some customers in
NJ may increase due to other pipelines increasing their transportation rates.22
The claim that increased pipeline capacity will necessarily result in reduced gas prices is
challenged by other experts considering the issue when responding to claims that pipeline capacity is
needed to reduce prices for Eastern Pennsylvania end users:
“The correlation between volume of gas production and the price of gas for power
generation is poor because there are other factors besides production volume that
affect the price of gas. Still it seems unlikely that more gas production in
Pennsylvania would result in a cost reduction since production already exceeds
consumption by almost 100%.”23
Further, as information regarding actual asserted customers for PennEast is revealed, it is
increasingly clear that the claim of need is largely self-manufactured. For example, Spectra Energy
Partners is a “member company” in PennEast Pipeline Company, LLC and 10% owner of the PennEast
Pipeline proposal. Spectra Energy is currently planning for and proposing a new project called the
Texas Eastern Marcellus to Market project (M2M). Spectra has made clear that the proposed
PennEast pipeline will be the primary source of gas that the M2M project will transport. Specifically,
according to the Spectra Energy website, the new M2M pipeline would receive the majority of its gas,
62.5%, (up to 125,000 dekatherms per day (Dth/d)) from the PennEast pipeline (this equates to over
11% of PennEast’s anticipated capacity). In other words, Spectra, as part of PennEast, is asserting the
PennEast pipeline needs to be built in order to service the Texas Eastern M2M customer which is, in
fact, Spectra. The end users of the M2M project are not identified in the DEIS or anywhere else in the
record, and have not, in fact, demonstrated a need for that project. Again we are dealing with selfserving speculation of need rather than a demonstration of a genuine public need for the project. Of
the 12 shippers PennEast identifies as demonstrating a need for the pipeline and thereby helping to
game the system in this way, at least five are PennEast owners: PSEG, Spectra (Texas Eastern
Transmission), South Jersey Gas, UGI, and Elizabethtown Gas (Pivotal Utility Holdings).
Making the artificial argument of “need” for the PennEast project is used to craft an artificial
justification for imposing extreme and unnecessary harm on the environment and communities. The
asserted “need” for PennEast is really an argument for a project that will allow the PennEast
companies to achieve their private goals of generating a profit – it does not support a genuine “need”
for the PennEast pipeline. Given the significant level of impacts that will be inflicted by the PennEast
pipeline on the water resources of Pennsylvania and New Jersey, and that the project will necessarily
result in unavoidable and unmitigatable harm to the environment and communities, this lack of need
for the PennEast pipeline project is a fatal flaw. It is improper for the DEIS to presume “need” rather
than require the project applicant to affirmatively demonstrate it.
FERC has made it clear that it does not “look behind the contracts to determine whether the
customer commitments represent genuine growth in market demand” or need. See also NE Hub
Lander, Gregg. “Analysis of Public Benefit Regarding PennEast Pipeline”, New Jersey Conservation
Foundation. March 9, 2016. Available at: http://njconservation.org/docs/PennEastNotNeeded.pdf
23 Labrynth Consulting responding to “A Pipeline For Growth Report”
Page 11 of 80
22

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Partners, L.P., 90 FERC ¶ 61,142 (2000). Such an arbitrary review process, when taken to its logical
conclusion, leads to absurd results. Indeed, to the extent the contracts are artificially manufactured
and do not represent “genuine growth in market demand” FERC essentially admits that such
fraudulent representations to FERC are sufficient for a decision approving the certificate. Here,
substantial questions have been raised regarding the underlying contracts, and to the extent FERC
fails to make a determination on “genuine market growth” and subsequent approval provided by
FERC is arbitrary and capricious.
Furthermore, eminent domain originated as a way for governments to build necessary public
infrastructure projects such as national highways and public buildings. It also enables governments to
create parks and other public recreation areas. While eminent domain is considered an inherent
power, it is subject to constitutional limitations. Among those limitations is that the land acquisition
must be for “public use”.24 The power of eminent domain is abused when it is used to benefit powerful
interest groups at the expense of the less powerful; Supreme Court justices have recognized that the
beneficiaries of this abuse “are likely to be those…with disproportionate influence and power in the
political process, including large corporations and development firms.”25 At its best, eminent domain
allows for the acquisition of private property to create national parks for all to enjoy, and at worst, it
exploits less politically and economically powerful groups. In the latter instance, the government acts
as a henchman for private corporations, and this is not the intent of eminent domain. However, this is
precisely what is happening at the behest of pipeline companies including PennEast. As noted, there is
no genuine need for this project; the true goals are not to serve the public but to help the six
companies that comprise the PennEast Pipeline LLC to meet their corporate goals and to generate
profits. This amounts to a government subsidization of a private company’s profits, at the expense of
the public.
FERC has stated that “[e]ven though the compensation received in [an eminent domain
proceeding] . . . is deemed legally adequate, the dollar amount received as a result of eminent domain
may not provide a satisfactory result to the landowner and this is a valid factor to consider in
balancing the adverse effects of a project against the public benefits.” See Order Clarifying Statement of
Policy, 90 FERC ¶ 61,128, at 61,398. FERC has made clear that “[u]nder the Certificate Policy
Statement, FERC will not authorize the construction of a project, with the concomitant right to obtain
the necessary rights-of-way through either negotiation or the eminent domain process, unless it first
finds that the overall public (not private) benefits of the project will outweigh the potential adverse
consequences.” See Order Clarifying Statement of Policy, 88 FERC ¶ 61,748, at 50. Here, a significant
portion of the landowners have refused PennEast access to their property, which will require
PennEast to acquire vast tracts of property via eminent domain. As such, this significant adverse
impact supports a finding that the adverse effects of the Project outweigh its questionable benefits to
the public.
The DEIS fails to consider cumulative impacts across the Project and across multiple other
projects, including the source and end use of the natural gas
NEPA prohibits FERC from ignoring the ‘indirect’ impacts of its export-facility approval on the
production and use of natural gas within the United States. The DEIS cumulative impacts assessment
fails to fulfill the requirements of NEPA.
U.S. Const. Amend. V
Kelo v. City of New London, 545 U.S. 469 (2005), O’Connor Dissent
Page 12 of 80
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Cumulative impacts caused by “reasonably foreseeable” future actions are recognizable under
NEPA and must be considered through the NEPA process. Additionally, FERC must consider the
cumulative effects of actions similar to the proposed action, whether existing or reasonably
foreseeable. Cumulative impacts include impact[s] on the environment which result from the
incremental impact of the action “when added to other past, present, and reasonably foreseeable future
actions regardless of what agency (Federal or non-Federal) or person undertakes such other actions.” 26
Cumulative impacts can result from individually minor but collectively significant actions taking place
over a period of time.27 Cumulative effects include “direct and indirect effects, on a given resource,
ecosystem, and human community of all actions taken, no matter who has taken the actions.” 28 A
cumulative effects analysis focuses on resource sustainability, and has expanded geographic and time
boundaries.
FERC has framed its cumulative impact analysis too narrowly as well as mischaracterizing the
degree of harm that will result from approval and construction of the proposed PennEast pipeline
project. The cumulative impact assessment neglects reasonably foreseeable future actions that will
directly and indirectly result from approval of this proposed project and are clearly causally related.
Upstream natural gas production, and its subsequent impacts, are among the ‘effects' that
NEPA requires FERC to consider, in determining whether its action will have a significant
impact. NEPA's implementing regulations define, as “[i]ndirect effects,” those “which are caused by
the action and are later in time or farther removed in distance, but are still reasonably
foreseeable.” 40 C.F.R. § 1508.8(b). The Project’s takeaway capacity will necessarily lead to additional
demand for natural gas, with consequences for its price, production, and use, is eminently foreseeable.
This Court has recently held that such “generally applicable economic principles,” as the relationship
between the price of a good and its production and consumption, are “sufficiently ‘self-evident’ ” to
“require ‘no evidence outside the administrative record.” Airlines for Am. v. Transp. Sec. Admin., 780
F.3d 409, 410-11 (D.C. Cir. 2015) (finding standing based on “basic proposition that ‘increasing the
price of an activity ... will decrease the quantity of that activity demanded in the market’ ” (omission in
original and citation omitted)). The results of “generally applicable” economics are all the more
foreseeable here - because the administrative record does contain “evidence” specifically foreseeing
them.
NEPA's implementing regulations provide illustrative examples of indirect effects that are
closely analogous to those at issue here: “growth inducing effects and other effects related to induced
changes in the pattern of land use, population density or growth rate.” 40 C.F.R. § 1508.8(b). Like
impacts on gas production and use, ‘growth inducing effects' and ‘induced changes in the pattern of
land use’ reflect responses - generally, market-based - to changes in the supply and demand for
various resources. Further reflecting the need to consider such impacts, the regulations include

40 C.F.R.§ 1508.7 (2010).
40 C.F.R.§ 1508.7 (2010).
28 From: http://energy.gov/sites/prod/files/nepapub/nepa_documents/RedDont/G-CEQConsidCumulEffects.pdf
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“economic” as well as environmental impacts among those that an agency must consider. 40 C.F.R. §
1508.8.
For that reason, courts have consistently required that agencies extend the ambit of their
analysis to include effects akin to those that FERC ignored here. The Eighth Circuit has addressed
circumstances that closely parallel those here, holding that when an agency approves a rail-line
extension that would result in “an increase in availability and a decrease in price” of coal, NEPA
demands that the agency examine the environmental “effects that may occur as a result of the
reasonably foreseeable increase in coal consumption.” Mid-States Coal. for Progress v. Surface Transp.
Bd., 345 F.3d 520, 549-50 (8th Cir. 2003) (requiring that agency address air pollution resulting from
increased coal use). In Mid-States, the agency's decision enabled an increase in the supply of coal to
the domestic market; here, as described below, FERC has enabled an increase in demand for natural
gas. In Mid-States, that decision had foreseeable effects on the price of coal, its production, and its use.
FERC's decision has foreseeable impacts on natural gas's price, production, and use. In MidStates, the Eighth Circuit held that the agency could not responsibly or lawfully ignore those effects
under NEPA. Id. Likewise, neither could FERC do so here. Other Circuits have reached similar results.
When authorizing a runway that would expand capacity and “spur demand,” the Ninth Circuit has
held that the Department of Transportation must examine the increased usage that will result from
that demand. Barnes v. U.S.Dep't of Transp., 655 F.3d 1124, 1138-9 (9th Cir. 2011). The First Circuit
has refused to let an agency construct a causeway and port, without examining the “industrial
development” that would be enabled by that construction. Sierra Club v. Marsh, 769 F.2d 868, 877-79
(1st Cir. 1985). See also Friends of the Earth v. U.S. Army Corps of Eng'rs, 109 F. Supp. 2d 30, 39-40
(D.D.C. 2000) (invalidating agency decision approving casino, without considering economic
development that would result). Those cases establish that when an Agency approves infrastructure
that will increase demand for a resource, it cannot ignore the effects of that increased demand.
NEPA does not require agencies to consider only those effects whose specifics are known and
certain. As the Eighth Circuit held, “when the nature of the effect is reasonably foreseeable but
its extent is not ... [an] agency may not simply ignore the effect.” Mid-States Coal. for Progress, 345 F.3d
at 549-50 (when agency permits rail extension that will increase “availability of coal,” it may not
ignore “the construction of additional [coal-fired] power plants” that may result merely because
agency does not “know where those plants will be built, and how much coal these new unnamed
power plants would use”).
Indeed, where an action's effects are not precisely known, the Council on Environmental
Quality's regulations suggest that the action is more - not less - likely to warrant an environmental
impact statement. See 40 C.F.R. § 1508.27(b)(5) (intensity depends upon “[t]he degree to which the
possible effects on the human environment are highly uncertain or involve unique or unknown
risks”); Found. on Econ. Trends, 756 F.2d at 154-55 (It is not “sufficient for the agency merely to state
that the environmental effects are currently unknown,” because uncertainty is “one of the specific
criteria for deciding whether an [environmental impact statement] is necessary”).
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NEPA's implementing regulations provide detailed instructions as to how such uncertainty is
to be addressed in an environmental impact statement. 40 C.F.R. § 1502.22(b) (specifying how agency
should proceed when “the information relevant to reasonably foreseeable significant adverse impacts
cannot be obtained because the overall costs of obtaining it are exorbitant or the means to obtain it
are not known.”).
That the precise location of natural gas production is unknown, therefore, does not render
such production unforeseeable, or allow FERC to dismiss its effects as insignificant. “It is
well recognized that a lack of certainty concerning prospective environmental impacts cannot relieve
an agency of responsibility for considering reasonably foreseeable contingencies.” Potomac Alliance v.
U.S. Nuclear Reg. Comm'n, 682 F.2d 1030, 1036-37 (D.C. Cir. 1982). Rather, “[a]t the threshold stage of
the NEPA inquiry ... an agency must determine, to the extent feasible, whether the sum of all
reasonably foreseeable effects, discounted by the probability of their occurrence, represent a
‘significant’ effect on the environment.” Id. If so, the “agency must issue an [environmental impact
statement] analyzing the probabilistic facets of the prospective environmental impact.” Id. Here,
record evidence shows that not only will additional drilling be necessary to support the Project over
the lifespan of its contracts, but furthermore, it is shown where the new wells are likely to be located,
and how many wells will be needed to support the Project.
Cumulative Impacts Assessment must consider reasonably foreseeable shale gas production.
Pursuant to NEPA, the DEIS must include existing and reasonably foreseeable shale
development/production that will be advanced, induced and supported if the PennEast pipeline were
to be approved by FERC and built. Among the reasonably foreseeable actions whose environmental
and community impacts must be considered include the construction, operation and maintenance of
the shale gas wells that will be the source of the gas carried by PennEast, which will be carrying that
gas in interstate commerce – both the new wells that will be constructed and the production that will
be induced at pre-existing wells by the proposed PennEast pipeline. The analysis of impact for these
gas wells which will be producing gas for the purposes of delivering it through the PennEast pipeline
system in interstate commerce must include the associated gathering pipelines, access roads,
gathering lines, compressor stations, and other supporting infrastructure which is necessary for the
construction and development of these wells.
Given that shale gas production activities for delivery of gas into interstate commerce through
the PennEast Pipeline are “‘sufficiently likely to occur that a person of ordinary prudence would take
it into account in reaching a decision’” City of Shoreacres v. Waterworth, 420 F.3d 440, 453 (5th Cir.
2005) (quoting Sierra Club v. Marsh, 976 F.2d 763, 767 (1st Cir. 1992)), and given that FERC’s
approval of this project is a legally relevant cause resulting in the induced new, expanded, extended,
and ongoing production of shale gas through construction of new gas wells and well pads, and
inducing new production at pre-existing wells, FERC is obligated to consider their impacts in its NEPA
analysis of the project.
FERC arbitrarily limits the scope of its review by failing to require the disclosure of the readily
available, and reasonable and attainable, analyses, projections and assumptions that would inform the
agency of the scope and extent of the foreseeable induced natural gas production upon which it can
base its cumulative impact analysis across the broad range of environmental and community harms
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(e.g. air, water, wetlands, habitat, forest, floodplain, water quality, drinking water supplies, health,
safety, climate change). FERC’s self-inflicted ignorance of the extent of induced shale gas production
does not alleviate the agency of its obligation to undertake these assessments of significant impacts
that will, reasonably and foreseeably, and predictably result.
Analysts, experts, and modelers use the location of interstate transmission gas lines as a
predictor of where gas production will take place. The reality of the industry is that gas is produced
for transmission through interstate commerce, and that there is a direct relationship between the
siting and construction of well pads and the location of existing or proposed interstate pipelines.
Cumulative Impact Assessment must consider the reasonably foreseeable outcome of natural gas
exports.
The direct, cumulative, and foreseeable impacts resulting from the exportation of the PennEast
transported gas must also be considered. The DEIS fails to identify where exactly any of the end-users
of the natural gas are located.
Facts are clear; PennEast will interconnect with a pipeline system that could transport its shale
gas to the recently approved Cove Point LNG export facility. Specifically, PennEast will have an
interconnect with Transco’s mainline in Mercer County, NJ, a pipeline that intersects with the Pleasant
Valley interconnect in Fairfax County Virginia, which in turn could deliver the gas to Dominion’s Cove
Point Pipeline. Given that natural gas can sell at a significantly higher price overseas as compared to
domestically, it is both reasonable and foreseeable that PennEast transported gas will be transported
to Cove Point for export. Furthermore, it is likely that natural gas that is displaced by the PennEast
line will likely be exported as well. There is no information in the DEIS examining this issue.
Cumulative impacts of multiple linear projects must be considered.
Additionally, the DEIS needed to examine the cumulative impact of the multiple utility and
other linear projects that are being proposed or constructed in the Delaware River watershed, in each
subwatershed, and in each unique ecological community and human community.
For example, there are significant concerns related to the cumulative impacts of the
continuous water crossings and wetlands disturbances that pipeline construction activity has on the
health and vitality of the Delaware River basin and its tributaries. This is particularly a concern with
the PennEast Pipeline, as many of the same subwatersheds subject to development as a result of
PennEast were recently, or could be in the future, impacted by construction activity from other
pipelines. Among the pipeline projects that are, will, or have impacted the same subwatersheds as
PennEast, are Transco’s Leidy line system upgrade projects which include the Northeast Supply Link
project, the Southeast Leidy Expansion project, and the Atlantic Sunrise project. These projects all
upgrade portions of Transco’s Leidy line system, which parallels PennEast’s proposed project.
Indeed, it is unclear why an entire new right of way would need to be cleared for this project
when there is a parallel right of way within several miles of the proposed right of way. Also, in
addition to Transco’s previous and proposed pipeline projects, there are several other pipeline
projects that have been concentrated in the same subwatersheds as the PennEast line, such as: Texas
Eastern’s TEAM 2014 Project, Buckeye Pipeline, and Columbia’s East Side Expansion Project. Large
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high tension ROW’s and the Buckeye pipeline are other older ROWs that cut across and have already
made lasting and sustained impacts to many of the subwatersheds that PennEast would cut.
“[W]ith each of these projects comes some combination of stream impact, core forests
destruction, wetland and riparian corridor disturbance, and clearing of steeply sloped lands. As such,
each project has caused or will cause its own unique set of impacts and add another layer of acute and
long-term assaults to the environment. Additionally, each new project magnifies the project specific
impacts of each prior project. When dealing with environmental impact assessment, each project is
evaluated independently; the cumulative impacts of multiple linear development projects are not
assessed and the additive long-term impacts of past and future linear projects fail to be recognized.” 29
Another example of the kind of cumulative assessment that is obviously required within this
category of harms relates to the Buckeye Oil Gas Transmission ROW in the Blue Mountains. Sensitive
glacial soils, extreme compaction, continued and repeated ATV traffic and pipeline maintenance, lack
of diverse growth, bare soils, and thermal heat and fragmentation impacts to the ROW and within the
mature forest paralleling the Buckeye ROW were observed by DRN.30
Consideration of the multiple cuts proposed by PennEast in subwatersheds also needs study
and consideration. For example, the Harihokake watershed, a C-1 waterbody in NJ would be inflicted
with 7 different pipeline cuts for PennEast (Table G-6: MP 85.4, 85.6, 85.8, 85.9, 86, 86.3, 86.7) , which
poses a threat to this watershed individually and cumulatively. The Alexauken Creek, another NJ C-1
stream would be cut 7 times by PennEast (Table G-6: MP 99.6, 100, 100, 100.1, 100.4, 100.9, 101).
FERC has not assessed the cumulative impact of all of these multiple cuts on a subwatershed scale.
These are among the impacts that must be assessed as part of a cumulative impact statement –
acknowledging the accumulation of harm that will result to these ecological resources and
recreational and cultural assets given that PennEast would be cutting through these same natural
resources and inflicting similar harms.
These projects do not occur in a vacuum. Each project individually depletes the natural and
scenic resources of the region, and the combined impact becomes increasingly severe, unavoidable,
unmitigatable, and irreversible. As such, the DEIS needs to examine these projects holistically in order
to satisfy the requirements of NEPA.
Cumulative impacts of the pipeline construction, operation, and maintenance on impacted ecological
systems must be considered by the DEIS
The DEIS does not consider the cumulative impacts to key ecological systems, over the lifetime
of the pipeline, from construction through operation and including maintenance activities.
For example, forest ecological systems would experience enduring but also fresh impacts
throughout the life and presence of the pipeline. The initial impact will include the removal of the
forest and understory vegetation, coupled with the changes in light, moisture, wind, etc. impacting
Princeton Hydro, Technical Review of Volume I FERC Draft Environmental Impact Statement
Submitted for PennEast Pipeline Project, September 2016
30 Delaware Riverkeeper Network. Field-Truthing and Monitoring of the Proposed PennEast Pipeline,
FERC Draft EIS, Docket No. CP15-558, September 2016.
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300 feet into the forest on either side of the ROW footprint. There will be enduring compacted soils,
and dramatically altered vegetative composition along the ROW and along that forest edge that will
increase volume and alter the timing of stormwater runoff, reduce groundwater recharge,
change/take habitats for species of all kinds. There will then be the influx of invasive plant and
animal species that will have cascading impacts on the forest ecosystem, which will spread along the
ROW and back into the core of the adjacent forest.
There are the impacts of the fragmentation of the forest by PennEast but also by other cuts in
the same region by other pipelines and/or linear projects. Over the life of the pipeline will be the
maintenance of the ROW which will include the prevention of tree growth and maintenance of low
growing vegetation only – this will be accomplished by periodic mowing and the use of herbicides.
The mowing will disturb the vegetation and habitats that were allowed to encroach on the ROW. The
herbicides will include impacts for non-target species, and could have implications for soil microbes
and nearby wetland, vernal pool and stream ecosystems. Maintenance activities will involve periodic
trimming, pruning, cutting back and removal of trees and woody vegetation growing along the
perimeter of the ROW. “The inspection and maintenance of the ROW means the repetitive access and
traverse of the ROW by inspection vehicles and maintenance equipment. This increases overall soil
compaction and because there are no stabilized access-ways, it also creates repeated opportunity for
soil erosion.” PennEast will only be required to “ensure that the soils are stable and is under no
regulatory obligation to restore soil to pre-construction conditions.” “[T]hese changes in the
properties of the soils along the pipeline and within the pipeline ROW will contribute to the predicted
increases in the volume and rate of runoff. Along the entire length of the 115.1-mile long pipeline,
these changes in the post-construction hydrology of the affected lands (especially the steeper sloped
areas) will invariably alter runoff properties. The end result will be impacts to the streams, wetlands
and riparian areas traversed by the pipeline and pipeline ROW and increased opportunity for erosion
along the steeper segments of the pipeline and pipeline ROW. Because PennEast is not required to
implement any of the conventionally utilized best management measures to collect, treat and control
ROW runoff, there is no way to mitigate for these changes other than to revegetate. However, once
again the cover type will be different pre to post-construction (e.g. trees to grass) and PennEast is
only obligated to achieve 80% post-revegetation coverage with the vegetation type it is using.”31
FERC states that completed E&S Control Plans by agencies will adequately avoid harms but
this is a false conclusion as can be seen on other pipeline projects where severe sediment pollution
harmed local waterbodies, many of which had special protection designations32. Most agencies
require quick establishment of groundcover to stabilize soils which takes the place of establishing
more desired and diverse native habitats, biodiversity and soil health is lost. Once soil chemistry, soil
porosity, and soil layering (horizons) that took eons to form are destroyed by the construction
process, erosion control measures usually require lime and fertilizer to be applied so that seed mixes
grow rapidly. The addition of lime and fertilizer are like poison to what were once forest soils of low
pH and low nutrients. This essentially ruins the chance that the soil will ever revert to a native plant
community again. Alien invasive weeds of all kinds thrive on the nutrient-enriched, topsy-turvy soil
layers in the aftermath of construction. Native herbaceous plants and shrubs almost never
outcompete weeds in these altered, nutrient-enriched, high pH soils. Just like on abandoned farmland,
Princeton Hydro, Technical Review of Volume I FERC Draft Environmental Impact Statement
Submitted for PennEast Pipeline Project, September 2016
32 Delaware Riverkeeper Network Field Monitoring Report, Pipeline Construction & Maintenance
Irreparably Harms Rivers, Wetlands and Streams. Addendum to Comment for the PennEast Pipeline
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these construction sites act as "post-agricultural soils," and just like our abundant forests on postagricultural soils, the herbaceous and shrub layers will be dominated by alien weeds virtually forever,
especially with over-abundant deer in the equation.33
As documented in the comment from Meliora Design,34 the DEIS fails to consider cumulative
impacts in an ecological system and fails to consider the multiple elements of specific site conditions
that impact one another synergistically to determine what will be the impact that results from
development of that site, with and/or without mitigation – e.g. pre and post vegetation composition,
soils, slope etc. This missing component of the DEIS is massive and seriously undermines any of the
conclusions reached regarding ecological impacts:
 “The DEIS and supporting materials provided by PennEast fail to consider the unique, site
specific conditions at each individual proposed stream and wetland crossing, and the corresponding
potential adverse water quality impacts associated with stream crossings, including open cut
crossings. The DEIS fails to comprehensively evaluate each stream crossing with regards to
conditions such as water quality, erosive soils, existing land use and forested areas, existing slopes,
riparian buffers, and the potential need for in-stream blasting. Lacking consideration of the site
specific conditions at each crossing, the DEIS fails to require adequate location and construction
recommendations to protect water quality, as well as construction techniques specific to conditions at
each crossing. The proposed stream and wetland crossing locations, methods of construction, and
long-term land use conditions appear to be based on the needs and preferences of PennEast and not
informed by site specific conditions.”
 “Importantly, the supporting documentation provided by PennEast fails to provide stream and
wetland crossing information in a manner that allows FERC and other reviewing agencies to evaluate
the site specific conditions at each stream crossing, including information discussed further in this
memo. Important site specific information is located in different Resource Report volumes and other
documents, and not easily correlated or evaluated. Much of the information discussed in this memo
was compiled from multiple volumes, documents, and updates and is not readily reviewed by FERC or
other reviewing agencies in a comprehensive manner. The project selection of stream and wetland
crossing locations and construction methods cannot be clearly evaluated in the form in which it is
presented in the DEIS and supporting documents.”
The cumulative assessment, considering near term and long term impacts, cumulative impacts
resulting from the damage done near term and long term to a resource, including the lasting
implications even with mitigation measures undertaken and full compliance with the law (let alone
acknowledgement of the violations that are documented to take place as a matter of course during
pipeline construction, operation and maintenance) needs to be, and is not, conducted by the DEIS.
The forest example above is but one kind of resource that experiences these multi-pronged impacts in
need of cumulative assessment by the DEIS – vernal pools, wetlands, streams, aquatic life, avian life,
Dr. Emile DeVito, New Jersey Conservation Foundation, Email Correspondence Re: Tennesse Gas
Pipeline practices. July 14, 2015.
34 Adams, Michelle and Henderson, Marc, Water Resources Engineers, Meliora Design, LLC,
Professional Review & Comment of the Draft Environmental Impact Statement and Supporting
Documents Related to Surface Water Impacts of the Proposed PennEast Pipeline Project, September
2016.
33
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amphibian life, soil life, and wildlife all need an assessment of the cumulative impacts that will be
visited upon them by PennEast if it were to be constructed.
Expansion of PennEast is a foreseeable impact that must be considered by the DEIS
Furthermore, by creating an entirely new ROW for this Project FERC is creating a new
industrial corridor that will foreseeably be used in future PennEast pipeline upgrades. A quick review
of other major pipeline corridors in the region support this assertion as natural gas pipeline operators
including Columbia, Tennessee Gas Pipeline, Texas Eastern, and Transcontinental have all, within the
last three years, added looping segments to their pipelines. As such, the DEIS analysis must account
for the foreseeable expansion of the ROW to accommodate future upgrades. Indeed, there are no
existing large scale, natural gas transmission lines that are not looped and/or being proposed for
expansion in some capacity in the Delaware River watershed. As such, future looping and additional
compressor stations is all but assured.
Looping is a common practice to expand the capacity of an existing pipeline by laying
additional pipelines along the same right-of-way. Looped pipelines can be used to increase the
distance between compressor stations or to provide additional storage capacity within the pipeline
itself.
Compression is another way to increase throughput capacity on an existing pipeline. Upgrading
existing compressor stations with additional or higher powered compressors or adding new
compressor stations can significantly increase pipeline capacity. PennEast, as a new greenfield
pipeline, would have significant opportunities for low-cost expansion through the addition of
compression. Table 5 shows capacity expansions that have occurred shortly after new pipelines have
commenced operations but prior to the consideration of looping, which can be a more costly
alternative or supplement to additional compression. Table 2 shows several recent and proposed
projects that have used compression, and notes if these projects also incorporate compression as an
element of the capacity expansion.
Table 1: New Pipeline Compressor-Based Expansions

Millennium Pipeline
Initial Capacity
Minisink Compressor
Hancock Compressor
Percent Change
Maritimes & Northeast
Initial Capacity
Compressor Upgrade
Phase IV Expansion
Percent Change
Vector Pipeline
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Capacity
(Dth/day)

In Service
Date

450,000
225,000
107,500
782,500
74%

2008
2013
2014

361,575
78,425
393,000
833,000
130%

2000
2001
2009
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Initial Capacity
2007 Expansion
Athens Expansion
Percent Change

925,200
245,400
105,000
1,275,600
38%

Table 2: Recent and Proposed Pipeline Looping Projects35
Initial
Pipeline
In-Service Date
Completion
Transco Leidy
Southeast
Late 1950
Jan-16
Tennessee
Susquehanna West
2011
2017
Tennessee Orion
2011
2018
Millenium Eastern
Upgrade
2008
2018
Northeast Upgrade
Project
2011
Nov-13
Triad Project
2011
2017
East Side Expansion
Late 1940
Nov-15

2000
2007
2009

Looping

Compression

30 miles

Yes36

8 miles
13 miles

Yes
No

7 miles

Yes

40 miles
7 miles
19 miles

Yes
No
Yes

Under NEPA guidance, the environmental review area must include all the subwatersheds
through which the pipeline crosses. A critical consideration in determining the cumulative
environmental effects must be the interaction of runoff, lost recharge, deforestation, damaged habitat,
compacted soils, air pollution, water pollution, methane emissions, and all other harms impacted by
the proposed PennEast pipeline along with the other past, present, and reasonably foreseeable future
actions, whether federal, non-federal, or private that are connected to and/or would be the result of
construction of the proposed PennEast pipeline.37
The DEIS asserts positive cumulative benefits, asserting jobs, air benefits and tax receipts but
fails to assess the negative ramifications from construction of PennEast on all of these fronts. This is
a crucial deficiency in the NEPA analysis. The adverse air quality impacts of PennEast are largely
avoided by failing to do an appropriate cumulative impacts analysis that includes the induced and
supported drilling, fracking, and other associated activities that would result from approval of a
PennEast pipeline. The jobs and economic harms are overlooked in their entirety – there is no
discussion of the reduced crop production for farmers, the adverse impacts to businesses along or
near the pipeline right of way, the implications for ecotourism and related businesses and jobs, etc.
Properties of these projects are available in the respective FERC dockets: Transco Leidy Southeast
(CP13-551), Tennessee Susquehanna West (CP15-148), Tennessee Orion (CP16-4), and Millenium
Eastern Upgrade (PF 16-3).
36 Susquehanna West, Orion, Northeast upgrade, and Triad are all expansions to the TN 300 line,
which is itself an expansion of a 1950s era TGP line.
37 40 C.F.R. §§ 1508.7‐8, 1508.27 (2010).
Page 21 of 80
35

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

As is shown by the economic analysis undertaken by Key-Log Economics and discussed elsewhere in
this comment, the job and economic harms as a result of this project skyrocket and the supposed
benefits are so flawed as to be indefensible.
Induced shale gas production and impacts must be considered by the DEIS
The PennEast pipeline will result in new production of shale gas. Construction of the PennEast
pipeline will cause industry to undertake and pursue new shale gas production – both by drilling new
wells for production of shale gas and by pursuing production from wells that have been drilled but for
which production was not pursued due to lacking pipeline capacity. Determining the shale gas
production that will be induced and supported by the PennEast pipeline for delivery into interstate
commerce is achievable using readily available data, methodologies, modeling, knowledge, resources
and tools. Assessing the direct and indirect impacts from shale gas production and drilling that will
result from construction of the PennEast pipeline is required by NEPA.
Pipelines can result in new shale gas production and drilling in several ways
Regardless of whether there is an actual need for the gas that would be transported in
interstate commerce to the areas identified by PennEast in its application, once the project is
constructed there will be shale gas production that will feed the pipeline which could then redirect it
to other markets such as to LNG export facilities that can take the gas overseas for sale to foreign
nations and users.
While FERC continues to try and ignore the connection between natural gas infrastructure
investments and increased production, for producers, industry experts, and other government
agencies, the effect is clear. With limitations on the ability to deliver gas to high-value markets, the
economics do not favor increased drilling. In the last year or so, due to low gas prices and constrained
delivery systems, many drillers have cut back on drilling; total production in the Marcellus actually
declined for the first time since the shale boom began in 2008.38,39
Currently, there are at least 12 projects proposed or under construction that would either
expand existing pipeline capacity or add new pipelines for the purpose of delivering shale gas from
the Marcellus region into markets in the Northeast, South, and beyond.40 The map below shows some
of the recent proposals to expand take-away capacity from the Marcellus (notably, this map does not
include the PennEast or the Atlantic Sunrise pipeline projects).

Bloomberg. “America's Biggest Shale Gas Field Is Choking on Its Own Supply.” October 14, 2015.
Available at: http://www.bloomberg.com/news/articles/2015-10-14/america-s-biggest-shale-gasfield-is-choking-on-its-own-supply
39 EIA Drilling Productivity Report. August 2016. Available at:
https://www.eia.gov/petroleum/drilling/pdf/dpr-full.pdf
40 Northeast Gas Association. “Planned Enhancements, Northeast Natural Gas Pipeline Systems”. August
2016. Available at: http://www.northeastgas.org/pdf/system_enhance0816.pdf
Page 22 of 80
38

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Reproduced from EIA, January 2016. Available at:
http://www.eia.gov/todayinenergy/detail.cfm?id=24732
These new pipelines, including PennEast, will unlock additional production potential in the
Marcellus region, both directly by providing additional takeaway capacity from the region and
indirectly by resulting in higher regional prices. Natural gas prices in the Marcellus region have been
trading at a significant discount to national benchmark prices for several years, as discussed
elsewhere in this comment. Growth in gas production slowed in Pennsylvania in 2015, and local
prices dropped significantly.
As a result of the recent slowdown in production, there are numerous well sites that are
permitted but have not yet been drilled. For example, a subsidiary of the Natural Fuel Gas Company,
Seneca Resources, stated in a presentation to its investors earlier this year that it had “[l]imited
development drilling [in its Eastern Development Area in northeastern Pennsylvania] until firm
transportation on [the proposed] Atlantic Sunrise (190 MDth/d) is available in late 2017” and that it
had “50-60 remaining Marcellus [drilling] locations” and “100-120 [Geneseo shale] locations” that
could not be developed until that pipeline project was underway.41
Other producers in the region have similarly stated that they require additional pipeline
capacity to develop new production capacity. Argus Media, a leading provider of data on prices and
fundamentals for the natural gas industry, reported that “Antero Resources is waiting on the 3.25
Bcf/d Energy Transfer Rover pipeline to come online in the second half of 2017 before it increases
drilling activity,” while “Northern Fuel Gas [in July 2016] said it was waiting on its own 475mn cf/d
Northern Access to come online in the second half of 2017 before it raises its production levels.”42
Argus also reported that “Range Resources plans to drill a seven-well pad in the Appalachian shale
region this year, and could quickly drill up to 42 more laterals. The producer is expecting the 628mn
cf/d (18mn m³/d) Spectra Gulf Markets project to facilitate some of its increased output when it
National Fuel. Investor Presentation: Q2 Fiscal 2016 Update April 2016. Slide 10. Available at:
http://s2.q4cdn.com/766046337/files/doc_presentations/2016/April/20160428_NFG-IRPresentation.pdf
42 Argus Media. August 29, 2016. “US gas producers boost output ahead of expansions.” Available at:
http://www.argusmedia.com/news/article/?id=1302610
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begins flowing in the fourth quarter [of 2016].”43 In their 2015 Annual Report, Cabot Oil & Gas noted
that drilling activity in the Marcellus region had been reduced to a single rig, in response to “the
market environment.” Cabot further noted that the company plans to “exit 2016 with between 45 and
50 drilled uncompleted wells, which will allow for operational flexibility into 2017.” 44 New pipeline
capacity such as the PennEast pipeline would enable Cabot and other operators to complete
additional wells and begin to further accelerate their production in the state – Cabot is among the
shippers identified in the DEIS as being an anticipated customer of PennEast.
A recent report45 issued by the Greater Philadelphia Energy Action Team advocates for more
pipelines in order to induce and support more and new shale gas production:
“In creating an Energy Hub, the goal, first and foremost, is to expand the market for the
Marcellus/Utica natural gas and NGLs to increase the economic benefits that will come to
the Commonwealth and the Greater Philadelphia region from more vigorous production…
To achieve this goal, however, we need to expand the existing interstate and intrastate
natural gas pipeline infrastructure.”
“Encouraging the industry to invest in new pipelines and in new distribution system
infrastructure … provides additional capacity for increased volumes of gas.”
Industry is advocating for pipeline capacity exiting Northeast Pennsylvania to grow by over 60
percent in the next several years in order to allow for drilling activity to resume. PennEast is a major
component of this expansion, as identified in Table 3.
Table 3: Pipeline Capacity Exiting Northeast Pennsylvania46
Capacity
(Bcf/day)
Existing
Transco
3.4
Tennessee
1.8
Millennium
0.8
Existing Capacity
6.0
In Development
TGP Susquehanna
West
TGP Orion Expansion
Constitution Pipeline
Transco Atlantic
Sunrise

0.15
0.14
0.65
1.70

Ibid.
44 Cabot Oil & Gas 2015 Annual Report. Page 3. Available at: http://www.cabotog.com/wpcontent/uploads/2016/04/COG-2015-AR.pdf
45 Greater Philadelphia Energy Action Team, A Pipeline for Growth, March 30, 2016.
46 Pipeline capacities are taken from the relevant FERC dockets: TGP Susquehanna (CP15-148), TGP
Orion (CP16-4), Constitution (CP13-449), Transco Atlantic Sunrise (CP155-138), PennEast (CP15558), and Millennium (PF16-3)
Page 24 of 80
43

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

PennEast Pipeline
Millennium Upgrade
In Development

1.11
0.20
3.95

Total

10.0

Historical drilling activity is an accurate and strong indicator for new wells
The state of Pennsylvania currently has 9,480 “active” unconventional natural gas wells.47 Active
gas wells have been issued a permit, but may or may not have been drilled or be currently producing
natural gas. Those wells are found largely in the counties located in the Northeast and Southwest
regions of the state, which contain 83 percent of active wells. Table 2 shows the breakdown of these
active natural gas wells by region.
Table 4. Active natural gas wells in Pennsylvania

Region

Active Wells

Northwest

856

Southwest

3,537

Capital

0

Central

673

Northeast

4,414

Southeast

0

Total

9,480

Source: Pennsylvania Department of Environmental Protection. PA Oil and Gas Mapping. Accessed
August 26, 2016. Available online at:
http://www.depgis.state.pa.us/PaOilAndGasMapping/OilGasWellsStrayGasMap.html
In the Northeast, near the start of the PennEast pipeline, four counties contain large volumes of
active gas wells: Bradford County (12 percent of active wells in the state), Lycoming County (9
percent), Susquehanna County (14 percent), and Tioga County (8 percent). Figure 1 shows the
distribution of active wells across the state.

Pennsylvania Department of Environmental Protection. PA Oil and Gas Mapping. Accessed August
26, 2016. Available online at:
http://www.depgis.state.pa.us/PaOilAndGasMapping/OilGasWellsStrayGasMap.html
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Figure 1. Map of Active Natural Gas Wells in Pennsylvania
Source: Pennsylvania Department of Environmental Protection. PA Oil and Gas Mapping. Accessed
August 26, 2016. Available online at:

http://www.depgis.state.pa.us/PaOilAndGasMapping/OilGasWellsStrayGasMap.html
For a full listing of the number of active wells in Pennsylvania by county, see Appendix 1.
The state of Pennsylvania tracks natural gas wells that are Proposed but Never Materialized
(PBNM), in which a permit was issued but expired prior to the commencement of drilling, as well as
Operator Reported Not Drilled (ORND), in which a permit was issued but the operator reported that
the well was never drilled. These sites are logical and likely candidates for new drilling in
Pennsylvania. A total of 2,733 wells fall into the PBNM category, and 4,258 wells are classified as
ORND. The breakdown by region is shown in Table 2. Well more than half of these sites are located in
Northeastern Pennsylvania.
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Table 5. Number of Wells in Pennsylvania That Have Been Permitted but Not Drilled
Proposed but Never

Operator Reported

Region

Materialized

Not Drilled

Northwest

200

275

Southwest

789

746

Capital

0

0

Central

295

517

Northeast

1,449

2,720

Southeast

0

0

Total

2,733

4,258

As shown in Table 4, of the counties in Northeast Pennsylvania, Bradford County and
Susquehanna County have the highest number of wells that are PBNM and ORND. In general, the
counties with the highest number of active wells also have the highest number of PBNM and ORND
wells. Figure 2 shows the distribution across the state of Pennsylvania of natural gas wells that were
permitted but never drilled, with the purple circles representing PBNM wells, and the red circles
representing ORND wells. Appendix 1 contains a full listing by county of PBNM and ORND wells.
Table 6. Active, PBNM, and ORND wells in Northeast Pennsylvania
County

Proposed but
Never
Materialized

Active

Operator
Reported Not
Drilled

Northeast
Pennsylvania

4,414

1,449

2,720

Bradford

1,133

650

1,114

Carbon

0

0

0

Lackawanna

0

0

27

Luzerne

0

1

12

894

104

404

Monroe

0

0

0

Pike

0

0

0

119

131

82

1,306

262

494

743

199

449

0

5

4

219

97

134

Lycoming

Sullivan
Susquehanna
Tioga
Wayne
Wyoming
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Figure 2. Map of Gas Wells in Pennsylvania that were Permitted but Not Drilled

Distribution across the state of Pennsylvania of natural gas wells that were permitted but never
drilled, with the purple circles representing PBNM wells, and the red circles representing ORND wells.
Source: Pennsylvania Department of Environmental Protection. PA Oil and Gas Mapping. Accessed
August 26, 2016. Available online at:
http://www.depgis.state.pa.us/PaOilAndGasMapping/OilGasWellsStrayGasMap.html
Given the large number of wells that have been permitted but not drilled, one can reasonably
expect that new natural gas wells drilled as a result of the construction of the PennEast pipeline
would most likely be among the sites identified in Figure 2. Those counties with the highest number
of wells that received permits but were never drilled are Bradford, Susquehanna, Greene,
Washington, Tioga, Sullivan, Wyoming, Lycoming, and Clearfield.
Relative Pricing Impacts of Pipelines
Natural gas prices are lowest in the regions in which gas is produced. For many years, the
lowest natural gas prices in the East were found at Henry Hub, located near the Gulf of Mexico where
much of the natural gas in the United States was produced. With the increase in shale gas production,
however, the lowest natural gas prices in the country are now found at trading points in and around
the Marcellus and Utica shale plays in Pennsylvania, West Virginia, and Ohio. Availability of pipeline
infrastructure to send natural gas to other regions has a direct impact on the price of natural gas in
those regions—greater gas take-away capacity allows more natural gas to be produced. The improved
access to higher priced markets via additional pipeline infrastructure will raise the price of natural
gas in the producing region, which also will increase production.
Information on natural gas spot prices published in January 2016 by the EIA shows these
market forces in action. While trading points in and around the Marcellus and Utica shale regions
have been below the Henry Hub price in recent years, the EIA points out that, as of January 2016, the
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difference between these price points has narrowed due to the recent pipeline projects that have
come online. That narrowing is shown in Figure 3.
Figure 3. Spread in Natural Gas Prices at Henry Hub and Marcellus Trading Points

Source: US Energy Information Administration, based on Natural Gas Intelligence.
Available online at: http://www.eia.gov/todayinenergy/detail.cfm?id=24712
Despite the eroding of the Marcellus basis differential in late 2015, towards close to $1 per
million BTU, that differential has persisted throughout 2016 and further increased. On August 29,
2016, natural gas in Northeast Pennsylvania was trading at $1.30 per million BTU, while Henry Hub
gas was at $2.87—a $1.57 differential. 48
The narrowing of prices between the Henry Hub and Marcellus/Utica trading points in late
2015 may be due in part to the fact that producers in the Marcellus curtailed production of natural gas
by approximately 1.2 Bcf/d as of November 2015 in response to weak prices resulting from the rapid
growth of production in the face of pipeline constraints. Of the gas production that was curtailed,
about 750 MMcf/d was in Bradford and Susquehanna counties in Pennsylvania.49
Economics dictates that natural gas production is likely to increase as additional pipeline
capacity is added to the region. Producers in the Marcellus such as Seneca Resources and Cabot Oil &
Gas have indicated that additional pipeline infrastructure is a cornerstone of plans to increase
production in Northeast Pennsylvania.50 In January 2016, Bentek Energy and the EIA noted a large
backlog of natural gas wells that have been drilled but will not begin production until infrastructure
(in the form of pipelines) becomes available to transport additional supply or until the price of natural
gas increases. Bentek and EIA suggested that this backlog will allow production of natural gas in the

NGI Shale Daily, August 29th, 2016.
NGI’s Shale Daily. Information on the Marcellus Shale. Available online at:
http://www.naturalgasintel.com/marcellusinfo. Accessed on August 28, 2016.
50 Comments of Allegheny Defense Project before the Federal Energy Regulatory Commission on the
Draft Environmental Impact Statement for Transcontinental Pipe Line Company proposed Atlantic
Sunrise Project. Docket No. CP14-138-000. June 2016. Page 22.
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Marcellus to increase quickly when new infrastructure projects are completed.51 And so, in addition
to advancing new drilling, additional pipeline infrastructure will advance gas production in wells that
may have been drilled but from which the industry did not yet extract gas due to a lack of available
pipeline infrastructure.
The PennEast Project would induce significant and predictable new drilling activity
The PennEast pipeline represents a significant fraction of the total new pipeline capacity
coming to Northeast Pennsylvania—over 25 percent according to Table 1. A significant amount of
existing production that has been curtailed will now come online for asserted customers as a result of
the new pipeline. Permitted wells that were not previously completed would start producing gas for
transport to New Jersey and Pennsylvania markets through the PennEast pipeline.
The total number of wells induced by any given pipeline depends on the lifetime production, or
estimated ultimate recovery (EUR), from a given well. Wells in Northeast Pennsylvania provide up to
20 BcF of total lifetime production, according to a recent Range Resources presentation.52 There is
significant variability across wells, and well decline rates—the decline in daily production over time
after a well starts producing gas—have proven to be much more significant than initially estimated.
As a result of this uncertainty, we use a lower average well EUR based on EIA data. We weight this
county-specific EIA data based on the number of wells in each county in Northeast Pennsylvania (as
provided in Table 6). This results in an average EUR for the region near the start of the PennEast
pipeline of between 3.84 Bcf and 5.5 Bcf.
The PennEast pipeline, with 1.1 Bcf per day of gas transmission capacity, could result in the
transfer of up to 16,000 Bcf over its expected economic lifetime. Based on an average well EUR of 5
Bcf, the PennEast could effectively support the drilling of 3,000 new wells in Pennsylvania. This
would likely come from a combination of wells that have been drilled but are not yet producing due to
market conditions and wells not yet drilled. These wells are most likely to be located in Northeast
Pennsylvania, in Bradford, Susquehanna, Lycoming, and Tioga counties.
The economic benefits asserted in the DEIS are indefensible and unsupported, and the
economic harms are entirely overlooked
FERC’s section 7 duty to consider the public interest is broader than promoting a plentiful
supply of cheap gas. See Fla. Gas Transmission Co. v. FERC, 604 F.3d 636, 649 (D.C. Cir.2010). Rather,
FERC must ensure “the [public] benefits of the proposal outweigh the adverse effects on other
economic interests.” AES Ocean Express, LLC, 103 F.E.R.C. ¶ 61,030 at ¶ 19. Here, it is clear that the
record shows that the net costs resulting from the construction of this pipeline outweigh the alleged
public benefits of the Project.
Specifically, the DEIS consideration of economic benefits and harms is so misleading,
inaccurate and deficient as to be a meaningless element of the DEIS, and certainly cannot be said to
US Energy Information Administration. 2016. Spread between Henry Hub, Marcellus natural gas
prices narrows as pipeline capacity grows, Available online at:
http://www.eia.gov/todayinenergy/detail.cfm?id=24712
52 Range Resources. EnerCom Oil & Gas Conference 21. August 15, 2016.
http://ir.rangeresources.com/phoenix.zhtml?c=101196&p=irol-presentations
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fulfill the mandates of NEPA or FERC’s Policy Statement to fully and fairly consider the economic
issues involved with this proposed project.
As demonstrated in the attached report by Key-Log Economics, this comment and the
comments of others on the docket, the claims of economic benefit advanced by PennEast and adopted
by FERC in the DEIS are based on an analysis that is so flawed it is indefensible.
As determined by a careful analysis by Key-Log Economics.53 In short, the DEIS;
● Overestimates short term impacts due to inherent issues with the models used and the choice
of the size of the study region.
● Overestimates long term job “creation” and other impacts due to use of a model empirically
proven to have no value as a predictor of economic activity occurring more than a year into the
future.”
In addition to providing exaggerated and false claims of benefit, the DEIS ignores the economic
harms inflicted by construction and operation of PennEast. Among its many deficiencies, the DEIS
analysis does not consider the adverse impacts to recreation and ecotourism so vitally important to
the impacted region; the analysis fails to consider the implications for future investment in open
space preservation and the adverse impacts thereof as communities realize that preserved lands are
not protected from pipeline construction; the economic damage to agricultural crop production is
overlooked as are harms to other businesses;54 the impact on market values and marketability of
properties through which the project will cut are misrepresented; the costs to the community to
respond to emergencies, to the increased stormwater runoff, pollution inputs, and other adverse
impacts that could result from this project and be foisted upon the shoulders of local towns and
residents are given short shrift if they are mentioned at all; and the DEIS does not consider the health
impacts to the residents who will be impacted by construction and operation of this project.
By way of more specific examples, the DEIS analysis ignores the many and varied economic
harms that would result from the construction, operation and maintenance of the PennEast pipeline.
Attached is a detailed analysis of the many deficiencies provided by Key-Log Economics. Among the
deficiencies highlighted in that report, and in other resources provided as part of this comment, the
DEIS fails to consider:


Public health costs

“Based upon experience with other pipelines it can be anticipated that, for example, just in
Carbon County where 560 people live within 2 miles of the proposed compressor station (US Census
In addition to the Key-Log Economics analysis attached she attached report by Jannette Barth
challenging the Econsult Analysis. This report was provided on the FERC docket as public comment
prior to completion of the DEIS, but FERC clearly chose to ignore this report along with all the other
comments you ignored.
54 We have learned from farmers, and it has been documented on the record, that crop production has
gone down by as much as 30% when a pipeline cuts through farm crop lands. DEIS figures do not
consider harms to other local businesses, such as the 7th generation nursery business reported in the
press that said their ability to continue to operate would be harmed if PennEast passes through their
property as is under consideration.
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Bureau, 2015), there will be on the order of “504 people experiencing odor events, 398 people
experiencing respiratory impacts, 325 people experiencing sinus problems, and 218 people
experiencing sleep disturbances and/or severe headaches.”55


Reduced property values

Of the comments reviewed so far by the Delaware Riverkeeper Network in partnership with
Key-Log Economics (which includes the majority filed to date) “35% mention concerns about the
effect on property value. Of this group, 99.6% believe the effect on property value will be negative.” 56
 “68% of Realtors believe the presence of a pipeline would decrease residential property
value.”57
 “Of these Realtors, 56% believe the decrease in value would be between 5% and 10%. (Kielisch
does not report the magnitude of the price decrease expected by the other 44%.)”58
 “70% of Realtors believe a pipeline would cause an increase in the time it takes to sell a home.
This is not merely an inconvenience, but a true economic and financial cost to the seller.”59
 “In a survey of buyers presented with the prospect of buying an otherwise desirable home
with a 36 inch diameter gas transmission line on the property, 62.2% stated that they would
no longer buy the property at any price. Of the remainder, half (18.9%) stated that they would
still buy the property, but only at a price 21%, on average, below what would otherwise be
the market price. The other 18.9% said the pipeline would have no effect on the price they
would offer.
Not incidentally, the survey participants were informed that the risks of “accidental
explosions, terrorist threats, tampering, and the inability to detect leaks” were “extremely
rare” (Kielisch, 2015, p. 7). Considering only those buyers who are still willing to purchase the
property, the expected loss in market value would be 10.5%. This loss in value provides the
midlevel impact in our estimates. A much greater loss (and higher estimates) would occur if
one were to consider the fact that 62% of buyers are effectively reducing their offer prices by
100%, making the average reduction in offer price for all potential buyers 66.2%.”60
 “Based on five “impact studies” in which appraisals of smaller properties with and without
See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
56 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
57 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
58 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
59 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
60 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
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pipelines were compared, “the average impact [on value] due to the presence of a gas
transmission pipeline is 11.6%”(Kielisch, 2015, p. 11). The average rises to a range of 12% to
14% if larger parcels are considered, possibly due to the loss of subdivision capability.”61
 Research has also “found that properties within the “emergency plan response zone” of sour
gas wells and natural gas pipelines faced an average loss in value of 3.8%, other things being
equal.” 62
 Proximity to compressor stations have inflicted health harms, quality of life impacts and
property damage, as well as lost property value, and have had impacts so severe that in at
least one documented case it forced a family to abandon their $250,000 investment in the
home rather than suffer the health, safety and other harms they were experiencing.63
 “In Hancock, another New York town with a much smaller (15,000 hp) compressor station,
three homeowners have had their property assessments reduced, two by 25% and one by
50%, due to the impact of truck traffic, noise, odors, and poor air quality associated with the
compressor station (“Proximity of Compressor Station Devalues Homes by as Much as 50%”
2015).”64
 The experts at Key-Log Economics estimate that “properties within one half mile of the Kidder
Township compressor station would lose 25% of their value if the station is built.” … “[T]he
Kidder compressor station would reduce the value of 43 properties by a total of $1.9 million
dollars.”65


Damage caused by air pollution to agriculture and infrastructure

“One study found that shale gas air pollution damages in Pennsylvania already amount to
between $7.2 and $30 million, with compressor stations responsible for 60-75% of this total (Walker
& Koplinka-Loehr, 2014). Using the low estimate of 60%, that is between $4.32 and $18 million in
damages associated with compressor stations.”66


The Social Cost of Carbon

“PennEast, LLC estimates the pipeline would transport 401,500,000 dekatherms annually,
contributing to an equivalent of 20.1 metric tons of CO2 emitted per year (U.S. EPA, 2016a). Using the
See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
62 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
63 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
64 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
65 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
66 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
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most conservative estimate of the cost per metric ton of carbon (U.S. EPA, 2016b), the additional
emission of CO2 would cost $252.4 million annually.” 67


Loss of Ecosystem Services

The ecosystem services, “benefits that flow from nature to people”, that will be lost, for
example, “tangible physical quantities, such as food, timber, and clean drinking water, life support
functions like assimilating waste that ends up in air and water or on the land, as well as aesthetics,
recreational opportunities, and other benefits of a more cultural, social, or spiritual nature.” 68
In addition there is no recognition in the DEIS for the decrease in property values associated
with increased ecological impacts to the environment from PennEast. For example, one of the
benefits of living next to a stream or other natural body of water is the increased property value those
riparian rights bring as well as the recreational and quality of life benefits that can be enjoyed. But
the cut of a pipeline diminishes all of these rights and benefits of living near a waterway. Property
values are demonstrably harmed by the presence of a pipeline.69 Aesthetic qualities, ecological health
of a stream and instream populations such as fish are diminished due to a pipeline’s stream cuts and
permanent loss of riparian vegetation essential for healthy riparian and instream habitat. Ecological
and aesthetic harm translates into diminished recreational enjoyment and opportunities as well as a
diminished ability to enjoy the environment and one’s property.
In addition, the economic analysis included in the DEIS fails to consider the potentially
superior economic benefits and values of a clean energy alternative for fulfilling energy needs in
Pennsylvania, New Jersey and the unnamed surrounding states PennEast asserts it is seeking to serve.
For example, an investment in clean energy strategies are known to result in far superior job creation
for every million dollars invested as compared to the oil and gas industry, including pipeline projects.
Research has demonstrated that investment in clean energy generates a greater number of
long term jobs that bring greater capacity for worker earning and advancement. For every million
dollars invested in clean energy, including wind, solar, eco-friendly water, and efficiency, generates 6
to 8 times the number of direct jobs, and 3 times the number of direct, indirect and induced jobs
collectively as compared to oil, gas or coal.70
FERC wrongly concentrates its determinations regarding pipeline certificate approvals largely
on the contracts and the alleged reliability accessibility proposed by the applicant without
considering the economic costs articulated above –given that improper review, FERC’s failure to fully
consider economic harms renders a decision flowing therefrom as arbitrary and capricious.

See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
68 See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
69 See e.g. Review of INGAA Foundation Report, “Pipeline Impact to Property Value and Property
Insurability”, Key-Log Economics, March 11, 2015
70 See The Economic Benefits of Investing in Clean Energy, by the Center for American Progress & PERI
Univ of Mass Amherts
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Using methods established in Phillips and McGee (2016) and applied to pipelines in Phillips,
Wang and Bottorff (2016), the PennEast pipeline would cause an initial loss of $7.3 million in
ecosystem services during a one year construction period. For each year the pipeline is in operation,
the pipeline would induce an additional loss of $2.4 in ecosystem services due to conversion of land in
the ROW. Land converted for use as permanent pipeline related infrastructure would mean an
additional loss of $218,200 each year. Such losses are not accounted for in the DEIS or FERC’s
balancing of the economic costs of the project. Additionally, using methods established by Kielisch
(2015) and Boxall, Chan, McMillan (2005), and applied to pipelines in Phillips, Wang and Bottorff
(2016), we estimate that construction of the PennEast pipeline would result in a loss of $158.3 to
$176.0 million in property value in the right of way and evacuation zone.71
The DEIS fails in its legal obligation to consider greenhouse gas emissions and climate change
implications of the PennEast Pipeline
On August 1, 2016, The Council on Environmental Quality (CEQ) issued final Guidance for
Federal Departments and Agencies on Consideration of Greenhouse Gas Emissions and the Effects of
Climate Change in National Environmental Policy Act Reviews. The final guidance directs federal
agencies on how to consider a proposed action’s impacts on climate change—both in terms of the
potential effects of a proposed action on climate change (by assessing the GHG emissions that would
result directly and indirectly from the action) and in terms of the effects of climate change on a
proposed action and its environmental impacts.
The guidance, building off of recent scientific assessments and conclusions, including the 2009
EPA finding that climate change impacts are “reasonably anticipated to endanger the public health
and public welfare of present and future generations”, states that “Climate change is a fundamental
environmental issue, and its effects fall squarely within NEPA’s purview.” The document acts as a
guide for federal agencies to apply NEPA principles and practices to the analysis of GHG emissions
and climate change.
DEIS discussion of greenhouse gas emissions cannot be said to fulfill the requirements of the
CEQ Guidance issued on August 1, 2016.
According to CEQ guidance:
“when addressing climate change agencies should consider: (1) The potential effects of a
proposed action on climate change as indicated by assessing GHG emissions (e.g., to
include, where applicable, carbon sequestration); and, (2) The effects of climate change
on a proposed action and its environmental impacts.”
Pursuant to the guidance CEQ recommends:
 “…that agencies quantify a proposed agency action’s projected direct and indirect GHG
emissions, …;”
 “….agencies use projected GHG emissions … as a proxy for assessing potential climate change
effects when preparing a NEPA analysis for a proposed agency action;”
See letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose &
Deputy Secretary Nathaniel J. Davis.
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 “ that where agencies do not quantify a proposed agency action’s projected GHG emissions
because tools, methodologies, or data inputs are not reasonably available to support
calculations for a quantitative analysis, agencies include a qualitative analysis in the NEPA
document and explain the basis for determining that quantification is not reasonably
available;”
 agencies “[d]iscuss methods to appropriately analyze reasonably foreseeable direct, indirect,
and cumulative GHG emissions and climate effects;”
 “…agencies consider the short- and long-term effects and benefits in the alternatives and
mitigation analysis;”
The assessment undertaken in the DEIS to fulfill consideration of the climate change impacts of
this proposed project is overwhelmingly deficient. The DEIS fails to fully, fairly and accurately
consider the greenhouse gas emissions of the proposed PennEast pipeline project itself, as well as the
shale gas extraction emissions that will directly and indirectly be induced by approval of this project,
the potential for climate change to worsen environmental impacts associated with the project and the
impacts of climate change on the project itself.
DEIS uses improper time frame and GWP for Methane.
It is notable that at the outset the DEIS asserts for Methane, CH4, a Global Warming Potential
(GWP) of 25. According to the USEPA, “Methane (CH4) is estimated to have a GWP of 28–36 over 100
years.”72 As a result of FERC using the outdated figure of 25, it will have seriously understated the
greenhouse gas emissions calculations for the proposed PennEast pipeline regardless of the other
deficiencies noted in this comment with the DEIS analysis – the current EPA accepted range of 28-36
should be the figure used for all calculations associated with Methane emissions for this project. A
failure to do so understates the associated global warming potential by between 12% and 44%.
Given that the earth may reach a temperature tipping point in anywhere from 18 to 38 years,73
it is the 20 year time frame that is the most meaningful and needs to be the basis of present day
decision-making. If a 20-year time frame is used, the global warming potential of methane identified
by the USEPA is between 84 and 87. For purposes of assessing the climate changing impacts of
approving the PennEast pipeline the DEIS should engage in a robust analysis that includes the 20 year
GWP for methane of 84 to 87. If FERC insists on using the scientifically inaccurate 100 year time
frame for this assessment then it should use the EPA range of 28 to 36. But in no instance is use of a
25 GWP for methane appropriate for this assessment. And at a minimum the DEIS should do an
analysis that includes both the 100 year and the 20 year time frame with the more accurate numbers
discussed above for the GHG and climate change assessment of the proposed pipeline.
GHG and Climate change analysis needs to consider full pipeline project development and the
resulting shale gas production
The climate changing effects of approving PennEast are significant and a climate change
assessment needs to include consideration of methane emissions along the entire 115 plus miles of
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials
R. Howarth, D Shindell, R. Santoro, A. Ingraffea, N. Phillips, A Townsend-Small, Methane Emissions
from Natural Gas Systems, Background Paper Prepared for the National Climate Assessment,
Reference number 2011-0003, Feb. 25, 2012.
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proposed pipeline, including consideration of greenhouse gas and methane emissions from the
proposed compressor station, 8 meter and regulator stations for interconnects, 11 mainline valve
sites and 4 pig launcher/receiver sites. The climate change assessment also needs to include the gas
production that will take place in order to supply the gas that will be carried by the PennEast pipeline
in to interstate commerce and that is a foreseeable and direct element of the PennEast pipeline
project. End uses of the gas must likewise be considered. Carrying out a legally appropriate,
necessary and data driven assessment demonstrates that approval, construction and operation of the
PennEast pipeline will have significant climate changing ramifications.
The DEIS acknowledges that there will be methane emissions from the PennEast pipeline. The
DEIS states “Potential emissions of GHGs associated with operation of the Project, including methane
emissions from fugitive leaks and equipment venting, are estimated to exceed the 25,000 metric ton
threshold for the Kidder Compressor Station. In addition, GHG operating emissions from the New
Jersey portion of the Project are also estimated to exceed 25,000 metric tons per year.” DEIS p. 4-209
 Table 4.10.1-8 says that during operations the PA greenhouse gas CO2 equivalent emissions
will be 11,450 tons per year; in NJ they will be 70,823 tons per year
 Table 4.10.1-6 says that for the compressor state the greenhouse gas CO2 equivalent emissions
will be 191,785 tons per year
 Table 4.10.1-9 says that the greenhouse gas CO2 equivalent emissions for the operational
phase of the project in total will be 274,057 tons per year
 Table 4.12.4-1 estimates construction phase greenhouse gas CO2 equivalent emissions at
34,878 tons per year
But these figures understate what should be the anticipated emissions as compared to what is
being documented by current science for other pipeline infrastructure.
For example, the DEIS fails to assess the emissions resulting from the induced shale gas
production that will result from construction and operation of the pipeline necessary to fulfill its
claimed “need” for the project. While recognizing that “upstream development and production of
natural gas might be a “reasonably foreseeable” effect of a proposed action” FERC asserts that “ the
actual scope and extent of potential GHG emissions from upstream natural gas production is not
reasonably foreseeable” and as a result no consideration pursuant to the DEIS is necessary. This kind
of double speak – shale gas production is reasonably foreseeable at the same time it is not reasonably
foreseeable – does not provide firm, or legally defensible ground for FERC’s failure to consider the
GHG emissions or climate changing ramifications of shale gas production that will be the result of
approval and construction of the PennEast pipeline. In fact the production of shale gas is reasonably
foreseeable, and so too is the scope and extent of that production upon which a GHG emissions
analysis can be performed. (See above analysis.)
“Natural gas systems are the single largest source of anthropogenic methane emissions in the
United States” contributing approximately 40% of the anthropogenic emissions of methane.74
Emission of methane to the atmosphere during the production and distribution of shale gas
contributes to this fossil fuel’s climate changing impacts. Methane is released to the atmosphere on
multiple occasions during the shale gas extraction process. It has been estimated that “during the life
cycle of an average shale-gas well, 3.6 to 7.9% of the total production of the well is emitted to the
Id.
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atmosphere as methane.” 75 Among the most recent scientific findings is that as much as 9% of the
methane produced while drilling for gas is lost to the atmosphere.76 While a previous estimation that
4% was lost from the well fields had already raised alarm bells for many;77 the new figure of 9% is
increasing evidence of the massive methane contribution shale gas development provides to the
atmosphere.
Additionally, large amounts of methane leak into the atmosphere during the “transport,
storage and distribution” phases of the natural gas delivery process including during transmission
through interstate pipelines like PennEast.78 Even conservative estimates of leakage during gas
transmission, storage and distribution have given a range of up to 3.6%.79 Emissions from the
transmission of natural gas occur along the length of pipeline project.
Researchers “have found that methane leaks would need to be held to 2% or less in order for
natural gas to have less of a climate changing impact than coal due to the life cycle of methane.”80 At
leakage above 3.2%81 natural gas ceases to have any climate advantage over other fossil fuels. As
discussed above, science is finding that the existing leakage rate during the production and/or
transmission of shale produced gas is significantly higher than either of these numbers.
When upstream and downstream emissions are considered along with the increase in shale
gas wells over the next 2 decades, the methane emissions from the natural gas industry will increase,
by as much as 40 to 60%.82 Upstream emissions occur during well completion and production at a
well site while midstream emissions occur during gas processing. Downstream emissions are those
that happen in the storage systems as well as the transmission and distribution pipelines. 83
Scientists believe that if the earth warms to 1.8oC above what it was between 1890 and 1910
that it will put in play a set of chain reactions that will result in increasing releases of methane to the
atmosphere – largely released from the arctic as a result of melting permafrost – which will in turn
cause increased warming and its associated impacts.84 It is posited by scientists that without
immediate reductions in methane emissions and black carbon the earth will warm to 1.5oC by 2030
and 2.0oC by 2045/2050 and that this will be the case regardless whether carbon dioxide emissions
are reduced or not.

Howarth, supra note 55.
Methane Leaks Erode Green Credentials of Natural Gas, Nature International Weekly Journal of
Science, Jan. 2, 2013. See also Howarth, supra note 56
77 Id.
78 Howarth, supra note 56; See also U.S. EPA 1997. Methane Emissions from the Natural Gas Industry.
USEPA National Risk Management Research Laboratory, June 1997, EPA-600-SR-96-080.
79 Howarth, R. W. (2014). A bridge to nowhere: methane emissions and the greenhouse gas footprint
of natural gas. Energy Science & Engineering.; See also Howarth, supra note 55.
80 Switching from Coal to Natural Gas Would Do Little for Global Climate, Study Indicates, UCAR/NCAR
Atmos News, Sept 8, 2011.
81 According to the Environmental Defense Fund
82 Howarth, supra note 56.
83 Howarth, supra note 56.
84 Howarth, supra.
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Another cascading and irreversible impact of climate change involves irreversible changes in
ocean currents. The Atlantic serves as the engine for the planet’s conveyor belt of ocean currents Atlantic Meridional Overturning Circulation (AMOC). The massive amount of cooler water that sinks
in the North Atlantic stirs up that entire ocean and drives global circulation. When the Atlantic turns
sluggish or stops, it has worldwide impacts and likely irreversible effects: The entire Northern
Hemisphere cools, Indian and Asian monsoon areas dry up, North Atlantic storms get amplified, and
less ocean mixing results in less plankton and other life in the sea.85 Paleo climatologists have spotted
times in the deep past when the current slowed quickly and dramatically, cooling Europe by 5 to 10
degrees C (10 to 20 degrees F) and causing far-reaching impacts on climate.
Acknowledged in the DEIS is that FERC:
“received comments from EPA recommending that we also estimate GHG emissions from
the development and production of natural gas being transported through the proposed
pipeline, as well as estimate the GHG emissions associated with the end use of the gas.”86
FERC rejects its obligation to consider GHG emissions stating:
FERC has in the past ruled that while upstream development and production of natural gas
might be a “reasonably foreseeable” effect of a proposed action, the actual scope and extent
of potential GHG emissions from upstream natural gas production is not reasonably
foreseeable (FERC 2015).”87
In fact, FERC arbitrarily limits its review by failing to require the current, available, reasonable
and attainable analyses, projections and methodologies that will in fact inform the agency of the scope
and extent of the foreseeable induced natural gas production and, from there, allow assessment of the
anticipated resulting greenhouse gas emissions. FERC’s self-inflicted ignorance on the subject does
not alleviate the agency of its obligation to undertake an assessment of greenhouse gas emissions
from induced shale gas production associated with this project and its climate changing implications.
Once the scope and extent of induced drilling is determined, FERC has demonstrated it has a
competence in determining resulting levels of greenhouse gas emissions. This analysis should be
undertaken and subjected to the NEPA review and comment process.
DEIS ignores other clear guidance
Even if FERC did not have an obligation to quantitatively consider the projected greenhouse
gas emissions it is still obligated to “explain the basis for determining that quantification is not
reasonably available” and then to undertake a “qualitative analysis in the NEPA document” neither of
Hansen, J., M. Sato, P. Hearty, R. Ruedy, M. Kelley, V. Masson-Delmotte, G. Russell, G. Tselioudis, J.
Cao, E. Rignot, I. Velicogna, E. Kandiano, K. von Schuckmann, P. Kharecha, A.N. LeGrande, M. Bauer,
and K.-W. Lo, 2016: Ice melt, sea level rise and superstorms: Evidence for paleoclimate dat, climate
modeling, and modern observations that 2°C global warming could be dangerous. Atmos. Chem. Phys.,
http://csas.ei.columbia.edu/2016/03/22/ice-melt-sea-level-rise-and-superstorms-the-threat-ofirreparable-harm/
85

FERC DEIS pg 4-285
FERC DEIS pg. 4-285
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which FERC has done for the induced shale gas production from this project.88
Furthermore, because FERC arbitrarily limited its consideration of alternatives to different
route proposals it has also denied itself and the public the ability to consider a comparison of
greenhouse gas emissions between the proposed pipeline and other mechanisms for fulfilling genuine
end use energy needs such as investments in energy efficiency, solar, wind energy, geothermal,
environmentally sustainable water, etc.
In addition, according to CEQ guidance:
“When discussing GHG emissions, as for all environmental impacts, it can be helpful to
provide the decision maker and the public with a recognizable frame of reference for
comparing alternatives and mitigation measures. Agencies should discuss relevant
approved federal, regional, state, tribal, or local plans, policies, or laws for GHG
emission reductions or climate adaptation to make clear whether a proposed project’s
GHG emissions are consistent with such plans or laws. For example, the Bureau of Land
Management has discussed how agency actions in California, especially joint projects
with the State, may or may not facilitate California reaching its emission reduction goals
under the State’s Assembly Bill 32 (Global Warming Solutions Act). This approach helps
frame the policy context for the agency decision based on its NEPA review.”89
The DEIS failed to properly give this kind of frame of reference or context for the greenhouse
gas emissions discussion.
DEIS fails to consider combined adverse environmental impacts of climate change and the PennEast
pipeline and the potential implications for the PennEast pipeline itself.
The DEIS states:
“These projected climate change effects in the Project area are not anticipated to exacerbate
any other environmental impacts from the Project during its expected lifetime”
FERC, in the DEIS, summarily dismisses any consideration of the combined adverse
environmental impacts of climate change and the PennEast pipeline and the potential implications for
the PennEast pipeline itself resulting from climate change.
In fact, the PennEast pipeline, if built, would have compounding adverse effects with regard to
climate change, requiring a more thorough assessment and analysis in the DEIS. In addition, the
impacts of climate change on the northeast region is likely to have implications for the PennEast
pipeline itself that require NEPA consideration and assessment

Counsel on Environmental Quality, Final Guidance for Federal Departments and Agencies on
Consideration of Greenhouse Gas Emissions and the Effects of Climate Change in National
Environmental Policy Act Reviews, August 1, 2016
89 Final Guidance for Federal Departments and Agencies on Consideration of Greenhouse Gas
Emissions and the Effects of Climate Change in National Environmental Policy Act Reviews, Aug 1,
2016
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With regards to this element of the NEPA analysis, CEQ guidance states:
“The analysis of climate change impacts should focus on those aspects of the human
environment that are impacted by both the proposed action and climate change. Climate
change can make a resource, ecosystem, human community, or structure more
susceptible to many types of impacts and lessen its resilience to other environmental
impacts apart from climate change. This increase in vulnerability can exacerbate the
effects of the proposed action.”
The DEIS identifies the following list of potential implications for the Northeast region of the
United States resulting from climate change that are expected in the project’s lifetime:
 “the frequency, intensity and duration of heat waves is expected to increase. The average
number of days exceeding 90 °F currently ranges between 0-5 and 10-20 days per year in the
Project area, and could increase in range to between 5-10 and 30-40 days per year during the
2041-2070 time period.
 changes in precipitation patterns are expected. During the expected Project lifetime, the NCA
projects small increases in average winter precipitation, an increased frequency of heavy
downpours, and an increased risk of summer drought due to earlier spring snowmelt.
 increased cold damage to crops is projected, due to a higher frequency of premature spring
warm spells followed by hard freezes.
 increased crop damage and reduced crop yields are projected due to intense precipitation
events, delays in crop plantings and harvest, and heat stress.
 increased stress on native vegetation is projected due to the spread of invasive insects and
growth of invasive weeds such as kudzu.
 the species distributions of trees and plants are projected to move to higher elevations.
 bird ranges are projected to move northward, and migratory birds are projected to arrive
earlier in the spring.
 increases are projected in carrier habitat and human exposure to vector-borne diseases such
as Lyme disease, West Nile virus, and Zika virus.”
But after providing this list, the DEIS summarily dismisses them without any discussion or
consideration, simply stating:
“These projected climate change effects in the Project area are not anticipated to
exacerbate any other environmental impacts from the Project during its expected
lifetime.”
In fact, there is a lot to be considered in terms of compounding and synergistic affects between
the pipeline and climate change for ecological systems, drinking water supplies, and communities.
The summary dismissal fails to fulfill NEPA’s obligations to consider the impacts of climate change for
the pipeline, but also the combined effects of the pipeline and climate change for the environment and
communities. Simply listing some anticipated climate change impacts for the region is obviously
deficient.
Frequency, intensity, duration of heat waves in the region
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As identified in this comment and others on the docket, the PennEast pipeline will alter
groundwater flows and increase stormwater runoff thereby reducing groundwater recharge. This
altered and loss of groundwater to streams and wetlands will alter stream base flow, wetland source
water, water quality, and temperatures. Increasing the “average number of days exceeding 90 °F
currently ranges between 0-5 and 10-20 days per year in the Project area, and could increase in range
to between 5-10 and 30-40 days per year” will exacerbate these harms inflicted by PennEast and vice
versa. The combination of increasing weather temperatures, declining baseflow and wetland source
water, will increase instream temperatures and decrease the moderating affect healthy groundwater
flows would provide, in addition the increased temperatures will result in increased evaporation that
will compound the impacts of lost recharge and base flow.
Pipeline construction results in the loss of riparian (streamside) vegetation.90 For each of the
pipeline construction techniques there is a resulting loss of vegetation and foliage associated with
clearing the stream banks – the PennEast pipeline is no exception. At least 255 streams will be
crossed with the vast majority being crossed via open trench methods which result in permanently
denuded streambanks. Riparian vegetation is an important part of a healthy ecosystem and protects
the land adjoining a waterway which in turn directly affects water quality, water quantity, and stream
ecosystem health. A reduction in streamside healthy and mature streamside vegetation reduces
stream shading, increases stream temperature and reduces its suitability for incubation, rearing,
foraging and escape habitat.91 These impacts are not accounted for in the DEIS.
The loss of riparian vegetation along streams will, among other impacts, remove shading and
result in increased stream temperatures. Many of the streams being cut by PennEast are smaller,
headwater streams with high water quality. The loss in vegetation coupled with the more extreme
temperatures brought on by climate change, will magnify increased stream temperature and thereby
reduce its quality and suitability for aquatic life. For some species the resulting change in
temperature could have dramatic impacts.
The Union of Concerned scientists has also recognized the combined effect of warming
temperatures, changing precipitation, altered streams flows, higher water temperatures and
diminished shading along stream banks for fish species, identifying two but recognizing others may
be implicated as well: “As global warming drives up air temperatures and changes precipitation
patterns, altered seasonal stream flows, higher water temperatures, and diminished shade along
stream banks may follow. The native brook trout and smallmouth bass are particularly sensitive to
such changes.” 92 The Penn East lists at least 131 Wild Trout Waters in Pennsylvania to be cut across
by the pipeline (Table G-5). Hawk Run, Little Bear Creek, Black Creek, Bull Run, Cooks Creek, Frya
Run, Monocacy Creek, Hokendauqua Creek, Aquashicola Creek, Indian Creek, Pohopoco Creek, Hunter
Creek, Buckwha Creek, White Oak Run, Wild Creek, Mud Run, Stony Creek, Laurel Run, Lehigh River,
Little Shades Creek, Shades Creek, Mill Creek, Deep Creek, Abrahams Creek, Trout Brook, and Toby
Creek are some of the streams in Pennsylvania to be crossed, some crossed multiple times, but that
have naturally reproducing populations of trout. It is important that with recent updates to the Fish
and Boat Commission Class A lists that PennEast update this list and ensure all designations are
accurate.
Norman, supra.
CAPP (2005), supra.
92 Union of Concerned Scientists, Climate Change in Pennsylvania – Impacts and Solutions for the
Keystone State, Oct 2008
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The synergistic implications of climate change and the PennEast pipeline on stream flows,
quality, temperatures, health, and aquatic life were not assessed by the DEIS.
Changes in precipitation – increase in downpours and drought due to earlier spring snowmelt
As documented by experts in the attached reports, including Meliora Design93 who stated:
“Due to land use changes and soil alteration, there will be permanent long term water
quality impacts related to stormwater runoff, including increases in the rate, volume,
and frequency of stormwater runoff.”
“The proposed pipeline conditions will significantly reduce the land surface’s ability to
retain rainfall and facilitate infiltration, and will increase runoff frequency, volumes,
and flow rates, including increased surface erosion and sediment transport to Special
Protection or C1 water bodies.”
Furthermore, the loss of riparian vegetation associated with the PennEast pipeline will make
impacted streams more susceptible to erosion events, resulting in the loss of riparian lands (including
floodplain) and exacerbating the sedimentation impacts of construction. As noted by experts, the
deforestation caused by the PennEast pipeline will result in increased stormwater runoff; this will
result in increasing flows in the stream with stream banks more susceptible to its erosive forces due
to the loss of vegetative protection. Increased erosion means loss of habitat; channel migration that
can have serious implications for riparian lands and vegetation over long stretches and long periods
of time as the stream continues to erode, downcut and deposit sediment in order to try and
reestablish a stable channel; and increased instream sedimentation which is considered a pollutant
both legally and scientifically. Having more extreme weather events, including “increased frequency
of heavy downpours,” means that the instream flows from both rainfall and runoff will be much more
extreme and have stronger erosion potential. These more erosive and extreme flow events will
combine with the impacts inflicted by the construction and ongoing land management, including
removal of riparian vegetation and forest, associated with the pipeline ROW to intensify the impacts
of both.
The ROW associated with PennEast will be the location of compacted soils and, in the case of
natural landscapes like forests, the maintenance of plants that have lesser capacity to infiltrate
rainfall. The combination of compacted soils with low growing plants (to the degree they are able to
grow in the compacted soils or under PennEast’s ROW management protocols) will result in
increased runoff to nearby streams, thereby increasing flows that are flooding downstream
communities. The combination of increased duration, frequency and intensity of storms by climate
change, coupled with the increased landscapes that are the source of stormwater runoff contributing
to flood flows, flood peaks, and more erosive stream flows, could be significant in some areas.

Adams, Michelle, and Henderson, Marc, Water Resources Engineers, Meliora Design, LLC,
Professional Review & Comment of the Draft Environmental Impact Statement and Supporting
Documents Related to Surface Water Impacts of the Proposed PennEast Pipeline Project, September
2016.
93
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The compacted soils and lost or altered vegetation from the pipeline will not only increase
stormwater runoff, but it will decrease groundwater recharge. In addition the presence of the
pipeline will already be altering the flow path of some groundwater systems, diverting water from
streams and wetlands that would otherwise provide life supporting base flow for them. Increased
drought caused by climate change will work with the altered and impacted groundwater flows
resulting from the PennEast pipeline to more seriously impact streams during periods of drought.
Climate change generally and the PennEast Pipeline specifically, will adversely impact base flow of
streams along the pipeline route which will harm water quality, habitat, recreation and potentially
drinking water supplies, but together these impacts will be magnified. In addition to adversely
impacting stream and/or wetland base flows, drinking water supplies/aquifers could be adversely
impacted, losing the historic water recharge they receive.
The threat of increased drought from climate change is significant depending on how quickly
the U.S. reduces climate changing emissions – and given that we are commenting on yet another
proposal for a fossil fuel based gas pipeline, it is not unlikely that emissions will significantly reduce in
sufficient time to prevent these consequences from coming to fruition. According to the Union of
Concerned Scientists:
“On a higher-emissions pathway, a short seasonal drought can be expected every year
in most of New England by the end of this century, while the frequency of longer
droughts could triple to once every 6 to 10 years in parts of New York, Pennsylvania,
and Maine— the region’s key agricultural states.” 94
The ramifications of drought will be dramatically increased by land use changes, such as those
that will be inflicted by PennEast. Increased stormwater runoff, reduced groundwater recharge,
altering vegetative landscapes, reduced steam baseflow, and reduced recharge of drinking water
supplies that will result from PennEast will magnify the adverse implications of climate change for
groundwater supplies, drinking water supplies, stream flows and wetlands because there will be less
water available for resources impacted by PennEast making them less resilient to these climate
change induced periods of drought.
The absolute denial of any consideration of the combined effects of PennEast for recharge,
groundwater and baseflow, coupled with the heightened anticipation of drought due to climate
change, is inexcusable and fails to fulfill the NEPA review obligation.
For the actual pipeline itself there are also implications from the extreme weather events that
will be brought to the region by climate change, including the extreme and more frequent downpours.
Because open trench pipeline installations may unnaturally alter both stream bank and streambed
(i.e., channel) stability, there is an increased likelihood of scouring within backfilled pipeline
trenches.95 This is because open trenches themselves, when backfilled, may not be compacted to
Union of Concerned Scientists, Climate Change in Pennsylvania – Impacts and Solutions for the
Keystone State, Oct 2008
95 See e.g. Fogg, J. and Hadley, H., 2007, Hydraulic Considerations for Pipelines Crossing Stream
Channels. Technical Note 423. BLM/ST/ST-07/007+2880. U.S. Department of the Interior, Bureau of
Land Management, National Science and Technology Center, Denver, CO. 20 pp.
http://www.blm.gov/nstc/library/techno2.htm; Doeing, B.J., Williams, D.T. and Bradley, J.B., 1997,
Gas Pipeline Erosion Failures: January 1993 Floods, Gila River Basin, Arizona. In Storm - Induced
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stable pre-trench sediment permeability conditions. Flooding rivers can scour river bottoms and
expose pipelines to powerful water currents and damaging debris. The more extreme rainfall events
brought by climate change will mean more extreme and erosive flooding events in streams crossed by
PennEast, increasing the likelihood of stream scour, exposure and rupture. Additionally, unusually
heavy rains associated with climate change, threaten to increase overall stream degradation and
channel migration – thereby also exposing buried pipelines.
Increased damage to crops
Climate change was identified in the DEIS as having adverse impacts for crops due to altered
weather events and temperatures. Farmers along the pipeline route who have already been impacted
by pipelines have identified the presence of pipelines as adversely impacting their crop yield. One
farm has worked to document that the existence of a pipeline across his farm fields has reduced his
crop yield by as much as 30% in a given year.96
Adding the PennEast pipeline to farm fields will reduce crop yield. Couple that with the altered
temperature and weather patterns and the stressors on the crops will be magnified further reducing
their ability to survive and produce as robustly as they had historically and as the farmers need them
to in order to produce for their customers and to support the economic income they need to continue
to sustain and operate their farms.
In addition, the USGCRP Climate Change Impacts in the United States Report states: “To date,
all weed/crop competition studies where the photosynthetic pathway is the same for both species
favor weed growth over crop growth as carbon dioxide is increased.” 97 This means that while crops
impacted by the pipeline and climate change are already struggling to produce, they are also going to
be more susceptible to being outcompeted by weeds, which will have further ramifications for crop
production and for the increased use of herbicides on agricultural lands with both economic and
health implications.
These kinds of effects were not even considered in the DEIS.
Increased stress on native plants due to invasives
Climate change was identified in the DEIS as causing “increased stress on native vegetation is
projected due to the spread of invasive insects and growth of invasive weeds such as kudzu”. “[M]any
insect pests, pathogens, and invasive plants like kudzu appear to be highly and positively responsive
to recent and projected climate change.”98 As noted by Native Landscape expert Leslie Sauer
permanent pipeline ROWs cause:
Geologic Hazards, Case Histories from the 1992 - 1993 Winter in Southern California and Arizona;
Geological Society of America; Reviews in Engineering Geology, Volume XI (ed. Robert A. Larson).
96 See attached graphics re the Fulper Farm.
97 Horton, R., G. Yohe, W. Easterling, R. Kates, M. Ruth, E. Sussman, A. Whelchel, D. Wolfe, and F.
Lipschultz, 2014: Ch. 16: Northeast. Climate Change Impacts in the United States: The Third National
Climate Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global Change
Research Program, 16-1-nn.
98 Horton, R., G. Yohe, W. Easterling, R. Kates, M. Ruth, E. Sussman, A. Whelchel, D. Wolfe, and F.
Lipschultz, 2014: Ch. 16: Northeast. Climate Change Impacts in the United States: The Third National
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“Increased wind movement facilitates movement of weedy propagules and invasive
species deep into the forest where they find the way suddenly wide open for them
with abundant new ground to colonize. Predators and parasitic birds like cowbirds
use these corridors to access otherwise difficult to find prey.”99
The increased pressure on natives due to invasives inflicted by the PennEast pipeline will be
exacerbated and magnified by the encouragement of invasives imposed by climate change, and vice
versa. The two impacts will work synergistically with devastating effects for native species of both
plant and animal.
Movement of bird ranges
As identified in the DEIS, climate change will have implications for changing bird habitat
forcing bird ranges to move northward and altering the arrival of migratory species. The PennEast
Pipeline will be cutting down hundreds of acres of forest. “Fifty-seven percent of the pipeline right-ofway area, or approximately 446 acres, is currently forested and will permanently be altered from
forest during pipeline operation. An additional 139 acres of forest will be removed for
construction.”100 In forested areas the habitat loss will not just be in the immediate footprint of the
pipeline, but it will impact an additional 300 feet of forest on either side of the ROW. 101 This means
that for every mile of pipeline cut through a forest an additional 12 acres of forest will be harmed. In
addition, the pipeline will irreparably alter a tremendous number of wetlands (how many is unclear,
as this comment and our attached reports document the incredibly inaccurate, misleading and
deficient job PennEast and FERC, through this DEIS, did on assessing wetland impacts), including
changing their functions and values.
The result will be to reduce available bird habitat, nesting grounds and feeding grounds. The
invasive species problems noted above will further erode habitat and food resources for bird species.
The ramification of this lost habitat will be to make it harder for this northward evolution of
species resulting from climate change. Climate change will force the northward migration, PennEast
and climate change individually and combined will reduce the available food, habitat and nesting
grounds available for these species in our region, thereby impeding their ability to adapt, survive and
thrive.
These kinds of effects were not even considered by the DEIS.

Climate Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. Yohe, Eds., U.S. Global Change
Research Program, 16-1-nn.
99 Sauer, Leslie., Achieving Higher Quality Restoration Along Pipeline Rights of Way
100 Michelle Adams & Marc Henderson, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016
101 Nels Johnson, et al., Natural Gas Pipelines, The Nature Conservancy, 1 (December 2011); CNA, The
Potential Environmental Impacts of Fracking in the Delaware River Basin, 2015; Cara Lee, Brad
Stratton, Rebecca Shirer, Ellen Weiss, An Assessment of the Potential Impacts of High Volume Hydraulic
Fracturing (HVHF) on Forest Resources, The Nature Conservancy, Dec. 19, 2011.
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Other Impacts Ignored by the DEIS and FERC
Other adverse impacts to the region from climate change that, combined with the PennEast
pipeline would have more serious implications in need of consideration by the FERC DEIS which
didn’t even make it to FERC’s DEIS list:
 “Suitable forest habitat for maple, black cherry, hemlock, and others is expected to shift
northward…” This will threaten tourism as well as lucrative timber such as world-renowned
black cherry.”102
The DEIS mentions the northward movement of bird habitat, but fails to recognize northward
migrations of habitat for other species, as well as the environmental and economic implications of
that northward migration. Given that PennEast will maintain a permanent footprint spanning
hundreds of acres of what would otherwise be forest land, where migrating native plant species might
otherwise settle, and that it will encourage invasive species that adversely impact and kill native
plants including trees and shrubs, the implications of pipeline construction combined with climate
change for forest species needing to migrate northward is important. The ecological as well as the
recreation, social and economic affects must be among the issues considered.
 “Warming climate and shifting distributions and quality of forest habitat is expected to cause
substantial changes in bird life. As many as half of the 120 bird species modeled in
Pennsylvania could see at least 25-percent reductions in their suitable habitat. Species at
greatest risk include the ruffed grouse, white-throated sparrow, magnolia warbler, and yellowrumped warbler.” 103
The habitat of Ruffed Grouse includes deciduous and mixed forest, dense undergrowth,
overgrown pasture, scrub oak, thick shrubland, young forest, understory including in Carbon,
Luzerne, Northampton, Bucks, Hunterdon, Lehigh Counties. These are all habitats and regions that
will be cut and damaged by PennEast, and for which analysis of direct impacts, as well as impacts
compounded by climate change, including for this species were not considered.
The habitat of White-throated Sparrow includes coniferous and mixed forest, dense thickets,
secondary growth areas, around ponds or openings, forest edge including in Hunterdon, Luzerne,
Northampton, Carbon, Lehigh, and Bucks. These are all habitats and regions that will be cut and
damaged by PennEast, and for which analysis of direct impacts, as well as impacts compounded by
climate change, including for this species were not considered.
The habitat of Magnolia Warbler includes coniferous and mixed forest especially young
spruces, nests in trees, during migration- deciduous shrubs or low trees including in Luzerne,
Northampton, Carbon, Lehigh, Bucks, and Hunterdon Counties. These are all habitats and regions that
will be cut and damaged by PennEast, and for which analysis of direct impacts, as well as impacts
compounded by climate change, including for this species were not considered.

Union of Concerned Scientists, Climate Change in Pennsylvania – Impacts and Solutions for the
Keystone State, Oct 2008
103 Union of Concerned Scientists, Climate Change in Pennsylvania – Impacts and Solutions for the
Keystone State, Oct 2008
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The habitat of Yellow-Rumped Warbler includes mature coniferous and mixed
coniferous/deciduous forest, forest edge including in Luzerne, Northampton, Carbon, Lehigh, Bucks,
and Hunterdon Counties. These are all habitats and regions that will be cut and damaged by
PennEast, and for which analysis of direct impacts, as well as impacts compounded by climate change,
including for this species were not considered.
The DEIS mentions the northward movement of bird habitat and altered migratory patterns,
but it fails to discuss the actual loss of habitat due to climate change of a variety of bird species,
including the ones noted above as being at risk. Given that the PennEast pipeline would destroy a
variety of natural habitats important for bird species, including forest, wetlands, meadow and more
that are important habitat for a variety of species, and that it would also invite in invasive plants and
animals that will further degrade, damage or destroy habitat, the combined effect of a PennEast
pipeline with climate change for the loss or degradation of bird habitat is an important consideration.
 Effects on Amphibians
Amphibians are important indicators of environmental health and water quality. The timing of
amphibian breeding is largely driven by environmental cues such as temperature and moisture, and
because of this, their breeding phenology may be directly affected by global warming. Amphibians in
regions such as the northeastern United States (where the proposed PennEast pipeline would be)
may be even more susceptible to increases in temperature. Amphibian species in the northeast spend
a large portion of the year inactive, escaping either cold winters or hot summers. Subtle increases in
temperature or moisture trigger them to emerge from their hibernacula in the spring. Immediately
upon emergence, they migrate to ponds or streams to breed. As average air temperatures increase
from climate change, amphibians will start to emerge and breed earlier in the year. If amphibians
breed too early in the season, they may be more vulnerable to early snowmelt induced floods and
early season freezes that are usually less common later in the season. Amphibians tricked by the
warm temperatures from climate change may emerge too early and then die when a cold front comes
in.
Amphibians are also affected by extreme weather events associated with climate change,
particularly drought. In addition to requiring water for breeding, amphibians need to keep their skin
moist to avoid drying up in the sun. Rain water, shade from trees, and moist soil are very important to
amphibians. In drought conditions caused by climate change, long periods with no rain can be
detrimental to amphibian populations. These effects are worsened by deforestation because it
eliminates the shade that the trees provide. Shade keeps the soil on the forest floor moist by blocking
the sun’s rays. Many amphibians, particularly salamanders, burrow in this moist soil in between
periods of rain. Without the shade from the canopy and with no rain, this soil is exposed to full sun
exposure and quickly dries up and amphibians become desiccated. Natural gas pipeline construction
involves the clearing of many acres of forest, so this is a prime example of natural gas infrastructure
working hand-in-hand with climate change and compounding impacts. At the same time, FERC falsely
states that vernal pools to be cut by the pipeline will only have temporary impacts or not significant
sustaining impacts yet it ignores to consider the 1,000 feet of upland forest that amphibians using
vernal pools require for parts of the year when they are not in their breeding vernal pool habitats. A
pipeline cut adjacent and through a vernal pool or within 1,000 feet of a vernal pool can be a death
sentence for migrating amphibians who may not be able to successfully cross the dry compacted
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pipeline route to reach their seasonal vernal pool.104 Predation also increases with these pipeline
cuts.
In addition, local changes in the environment can decrease immune function and lead to
pathogen outbreaks and elevated mortality in amphibians. Conditions can change to become more
favorable for the growth of a pathogen. For example, the chytrid fungus (Batrachochytrium
dendrobatidis ) grows best in culture between 6-28 degrees C and dies at 32 degrees C. The chytrid
fungus causes an infectious disease in amphibians called chytridiomycosis which has killed millions of
amphibians worldwide and has affected about 30% of all amphibian species in the world. Climate
change may make environmental conditions more conducive for this disease to spread as well as
cause weakened immune systems, making it more difficult for amphibians to fight off the disease. This
disease has been documented in Pennsylvania and New Jersey which are both home to multiple state
listed amphibian species.
Clearly, these amphibian species are at great risk and they would be put at an even greater risk
by the combined impacts of climate change and the construction of the PennEast pipeline.105 The DEIS
failed to consider these impacts.
The DEIS Alternatives Analysis is Fundamentally Flawed
FERC cannot interpret the Project’s purpose and need so narrowly that every conceivable
alternative is ruled out by definition. See Simmons v. U.S. Army Corps of Eng’s, 120 F.3d 664 (7th Cir.
1997) (cautioning agencies not to put forward a purpose and need statement that is so narrow as to
“define competing ‘reasonable alternatives’ out of consideration (and even out of existence)”); Nat’l
Parks & Cons. Ass’n v. Bureau of Land Mgmt., 606 F.3d 1058, 1072 (9th Cir. 2009) (finding a purpose
and need statement that included the agency’s goal to address long-term landfill demand, and the
applicant’s three private goals was too narrowly drawn and constrained the possible range of
alternatives in violation of NEPA). Only PennEast’s proposed Project offers the means of meeting
FERC’s stated requirements, thus all alternatives are preordained to fail in comparison. Such a narrow
statement of purpose and need, and failure to examine other system alternatives, undermines the
NEPA process and will not be upheld. Envtl. Prot. Info. Ctr. v. U.S. Forest Serv., 234 F. App’x 440, 443
(9th Cir. 2007) (agencies cannot “define[] the objectives of the project so narrowly that the project [is]
the only alternative that would serve those objectives”).
FERC rejected co-locating the PennEast line along Transcontinental’s Leidy Line gas
transportation system for two reasons, but neither is sufficiently explained in the DEIS. Primarily
FERC contends that because colocation would not “provide access to the delivery points” as the
proposed project this alternative is rejected. However, considering the close proximity of these two
right of ways, FERC never explains why those deliver points could not be accessed. Furthermore,
FERC contends that “due to the amount of commercial, industrial, and residential development that
has occurred adjacent to Transco’s existing right-of-way” this alternative was rejected. However,
FERC never explains how much of the right of way would be inaccessible nor how much additional
Delaware Riverkeeper Network Field Monitoring Report, Pipeline Construction & Maintenance
Irreparably Harms Rivers, Wetlands and Streams. Addendum to Comment for the PennEast Pipeline.
105 Vredenberg, V., McDonald, M., & Sayre, T. (2008). Climate Change. AmphibiaWeb: Information on
amphibian biology and conservation, 2016, Berkeley, California. Retrieved from
http://amphibiaweb.org/declines/ClimateChange.html
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greenfields would need to be constructed. It would seem that the environmental footprint of the
proposed project would be less if collocated with Transco even if the right of way had to deviate at
places. By failing to sufficiently examine other competing pipeline system alternatives FERC violates
the Natural Gas Act’s overriding purpose “to protect consumers against exploitation at the hands of
natural gas companies.” United Distrib. Co. v. FERC, 88 F.3d 1105, 1122 (D.C. Cir. 1996) (citation
omitted). Neither NEPA nor the Natural Gas Act allows FERC to reject all alternatives except the
Project in order to promote the pecuniary interests of its already identified project shippers. As such,
the Environmental Assessment and Order are factually and legally deficient.
The DEIS Alternatives Analysis is fundamentally flawed. The analysis assumes as true the
characterizations of “need” made by PennEast. In fact there are multiple analyses already on the
record, as well as comments filed, in addition to this comment, that demonstrate there is in fact key
for the PennEast pipeline project, and to the degree there is an assertion of need it is based upon a
self-manufactured claim.
Of priority concern is FERC’s failure in this DEIS to consider other mechanisms for achieving
energy goals in the region that are not shale gas dependent – such as implementation of increased
energy efficiency strategies and renewable energy strategies such as solar, wind, geothermal and
environmentally protective hydro.
As discussed in the attached expert report from Key-Log Economics:
“Changes in energy markets due to energy efficiency gains and/or further market
penetration by renewable alternatives to fossil fuels are reasonably foreseeable. For
example, renewable energy accounted for 40% of new domestic power capacity installed
(American Council On Renewable Energy, 2014), and the relative cost of producing
power from renewable sources, which is already competitive, is falling (Randall, 2016;
U.S. Energy Information Administration, 2016). Moreover, and as shown in Lander
(2016), “there are 49.9% more resources available to meet peak day demand from local
gas distribution companies in the region than is needed (p.9).” In light of these facts and
related factors, FERC must consider alternatives that reflect the likely future reality in
which the gas the PennEast pipeline would transport is not needed and/or is not a costeffective choice for consumers or electric power generators. To do otherwise—that is, to
focus narrowly on only transportation options—could lead to a federal action that
imposes significant environmental effects and associated economic costs for no reason.”
Continued Use of Segmentation in this DEIS is Improper
The D.C. Circuit in Delaware Riverkeeper v. FERC, identified two tests for evaluating whether an
agency has improperly segmented its review of a project. Delaware Riverkeeper Network, et al. v.
Federal Energy Regulatory Commission, 753 F.3d 1304, at 1314-1315 (D.C. Cir. 2014). In the Delaware
Riverkeeper case – as here – FERC failed both tests. First, the Court stated that for the purpose of
segmentation review, an agency’s consideration of the proper scope of its NEPA analysis should be
guided by the “governing regulations,” which were 40 C.F.R. § 1508.25(a). Id. The same analysis is
required in the instant matter. Second, the Court in Delaware Riverkeeper, also stated that even if the
segmentation analysis was guided instead by the test articulated in Taxpayers Watchdog v. Stanley,
819 F.2d 294 (D.C. Cir. 1987), FERC still unlawfully segmented its review of the projects. Id. As shown
below, FERC here similarly fails both tests for improper segmentation review of the proposed Project.
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An agency should prepare a single programmatic Environmental Impact Statement for actions
that are “connected,” “cumulative,” or “similar,” such that their environmental effects are best
considered in a single impact statement. Am. Bird Conservancy, Inc. v. FCC, 516 F.3d 1027, 1032 (D.C.
Cir. 2008); 40 C.F.R. § 1508.25(a). “Actions are ‘connected’ or ‘closely related’ if they: ‘(i)
Automatically trigger other actions which may require environmental impact statements; (ii) Cannot
or will not proceed unless other actions are taken previously or simultaneously; [or] (iii) Are
interdependent parts of a larger action and depend on the larger action for their justification.’”
Hammond v. Norton, 370 F. Supp. 2d 226, 247 (D.D.C. 2005) (quoting 40 C.F.R. § 1508.25(a)(1)).
Similar actions have similarities that provide a basis for evaluating their environmental consequences
together, such as common timing or geography. Id. at 246; 40 C.F.R. § 1508.25(a)(3). NEPA requires
“agencies to consider the cumulative impacts of proposed actions.” NRDC v. Hodel, 865 F.2d 288, 297
(D.C. Cir. 1988) (“Hodel”). See also TOMAC v. Norton, 433 F.3d 852, 864 (D.C. Cir. 2006). An agency
must analyze the impact of a proposed project in light of that project’s interaction with the effects of
“past, current, and reasonably foreseeable future actions.” 40 C.F.R. § 1508.7.
“Piecemealing” or “segmentation” is the unlawful practice whereby a project proponent avoids
the NEPA requirement that an EIS be prepared for all major federal actions with significant
environmental impacts by dividing an overall plan into component parts, each involving action with
less significant environmental effects. Taxpayers, 819 F.2d 294, 298 (D.C. Cir. 1987). Federal agencies
may not evade their responsibilities under NEPA by “artificially dividing a major federal action into
smaller components, each without a ‘significant’ impact.” Coal. on Sensible Transp. v. Dole, 826 F. 2d
60, 68 (D.C. Cir. 1987). See also 40 C.F.R. § 1508.27(b)(7).
The general rule is that segmentation should be “avoided in order to insure that interrelated
projects, the overall effect of which is environmentally significant, not be fractionalized into smaller,
less significant actions.” Town of Huntington v. Marsh, 859 F.2d 1134, 1142 (2d Cir. 1988). Without
this rule, developers and agencies could “unreasonably restrict the scope of environmental review.”
Fund for Animals v. Clark, 27 F. Supp. 2d 9, 16 (D.D.C. 1998) (“Fund”).
In addition to failing to meet the requirements of 40 C.F.R. § 1508.25(a), FERC also fails to
satisfy the three of the factor test articulated in Taxpayers, thus demonstrating that FERC
impermissibly segmented its NEPA analysis. Taxpayers, 819 F.2d 294 (D.C. Cir. 1987). To determine
whether a project has been unlawfully segmented, “courts have considered such factors as whether
the proposed segment (1) has logical termini; (2) has substantial independent utility; (3) does not
foreclose the opportunity to consider alternatives[.]” Taxpayers, 819 F.2d at 298. In Delaware
Riverkeeper, the court held that even if the court were to expand its analysis from Section 1508.25(a)
to the factors in articulated in Taxpayers, FERC’s defense of its action was still deficient. Delaware
Riverkeeper, 753 F.3d at 1314-16 (the court held that the projects did not have “(1) has logical
termini; [or] (2). . . substantial independent utility.” (the court’s examination did not reach the
remaining factor)). FERC failed to satisfy each of the factors identified in the Taxpayers’ test.
A project lacks “independent utility” if it could not function or would not have been
constructed in the absence of another project. Wetlands Action Network v. U.S. Army Corps of
Engineers, 222 F.3d 1105, 1118 (9th Cir. 2000). See also W. N.C. Alliance v. N.C. DOT, 312 F. Supp. 2d
765, 774-775 (E.D.N.C. 2003) (project widening highway section lacked independent utility because it
would leave a “bottleneck” of narrow highway to north, such that traffic congestion between the
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termini of the project would be worsened until construction of later project widening bottleneck
section).
It is clear that partners of the PennEast Pipeline Company, LLC are proposing additional
projects that, given their connected ownership, physical connection, contemporaneousness in terms
of time and space, and the planned route for the gas – are integral parts of the PennEast Pipeline
project and should be considered as part of cumulative impacts of the PennEast Pipeline project and
plan. Spectra Energy Partners is a “member company” in PennEast Pipeline Company, LLC and 10%
owner of the PennEast Pipeline proposal. Spectra Energy is 100% owner of Texas Eastern Pipeline
that will be interconnected with PennEast in/around Lambertville, NJ. Spectra Energy is currently
planning for and proposing a new project called the Texas Eastern Marcellus to Market project (M2M)
in which it clearly identifies, as a primary goal, the redirection and transfer to western markets of gas
brought via the PennEast Pipeline that will transfer at/thru the compressor station in Lambertville,
NJ. Spectra’s M2M project seeks to increase capacity along the Texas Eastern pipeline segment
between the Lambertville NJ Compressor Station and Eagle (in Chester County PA) Compressor
Station. The M2M project, consists of upgrades to existing lines including some new facilities. Indeed
absent the PennEast pipeline project the M2M project is not viable.
The M2M project sketch map clearly documents Spectra Energy’s plan to receive most of its
anticipated gas (over 62%) from the PennEast Pipeline. The map also confirms that Spectra Energy
plans to send the gas west from Lambertville Station into Pennsylvania via its Texas Eastern
systems. On its website, Spectra makes very clear that the proposed PennEast pipeline will be the
primary source of gas that the M2M project will transport.
Specifically, according to the Spectra Energy website, the new M2M pipeline would receive the
majority of its gas, 62.5%, (up to 125,000 dekatherms per day (Dth/d)) from the PennEast pipeline
(this equates to over 11% of PennEast’s anticipated capacity).
Spectra is also pursuing the proposed Greater Philadelphia Expansion Project. The stated
intent of the project is to increase the volume of gas Spectra can transport to the Philadelphia region
from the Eagle Compressor Station – the same station that is part of Spectra’s proposed M2M Project.
The Philadelphia region has been under discussion for an LNG export facility, which is one obvious
pathway for future intended export of PennEast gas. This export facility must be disclosed and
analyzed in addition to the Cove Point LNG export facility already identified by the Delaware
Riverkeeper Network and Mr. Berman as a likely recipient of the gas. FERC did not conduct this
analysis in the current DEIS.
The National Environmental Policy Act clearly requires FERC consideration of these
interconnected projects obviously being contemplated and planned for in the same time frame by the
same owner for delivery of the same gas. There exists a physical, functional, and temporal nexus that
cannot be overlooked and FERC is now fully aware of these additional elements of the PennEast
Pipeline project that is before FERC and freely available to the public for review and consideration.
Spectra Energy clearly intends and plans for these projects to operate as an interconnected whole,
and as such their cumulative impacts must be considered as part of the review of the PennEast
Pipeline project and the M2M project when it is actually proposed.
The DEIS fails to undertake this mandated analysis.
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DEIS fails to address comments and experience that shows use of standard constructions
practices will result in environmental violations and degradation.
The DEIS asserts in multiple locations in multiple ways that the project will be constructed in
full compliance with all applicable laws and that in temporary work spaces and restored areas the
natural landscape will return to its former, or some altered but healthy ecological status. In fact,
experience shows that neither is true. The Delaware Riverkeeper Network pointed this out in great
detail in our comments to date, the fact that FERC fails to consider the reality of pipeline construction,
and that construction is fraught with environmental violations and a failure of mitigation/restored
areas to return to ecological health is a significant deficiency that ignores the reality and comments
filed.
As the result of document reviews and field investigations during construction of three
sections of pipeline -- the TGP 300 line upgrade, TGP Northeast Upgrade Project (NEUP), and
Columbia 1278 pipeline -- in the Upper Delaware River Basin the Delaware Riverkeeper Network
documented:
• over 60 instances where best management practices (BMPs) were not present, inadequate or
not functioning or in need of repair, maintenance or reinforcement,
• 4 instances of fueling being conducted in wetlands or near waterbodies,
• dozens of instances of poor signage and staking and mapping errors which sometimes led to
impacts off of the permitted Right of Way (ROW), loss of trees outside the ROW, and inaccurate
mitigation calculations,
• thermal impacts, extreme (and unreversed) soil compaction, nutrient impacts, benthic
invertebrate changes from pipeline cuts, including for streams with exceptional value, high
quality and or C-1 anti-degradation classifications,
• discrepancies between pipeline company monthly compliance reports and what work and
activities to meet compliance and avoid pollution were actually occurring or not occurring on
the ground. We also noted excessive lag time in the filing and/or public release of construction
reports making for difficult follow up in the field. We documented too few pipeline inspectors
and a lack of oversight person-power for these extensive linear projects that spanned many
miles and where work was going on simultaneously along the routes with little independent
oversight.
Based on first hand observations and monitoring of these pipelines, it is clear that:
 Interstate natural gas pipeline projects result in a multitude of environmental impacts that
inflict high levels of unnecessary ecological damage – this damage is not avoided, nor properly
mitigated, despite the resource reports that are drafted or the guidance provided by FERC or
other federal or state agencies;
 Violations of environmental laws are common place and an accepted part of pipeline
construction – and compliance outweighs penalties and violations to the detriment of the
environment and the public;
 Construction problems and potential violations are not properly responded to by the company,
by FERC or by other state or federal agencies and mitigation does not undo the harms inflicted
-as a result of both, pipelines inflict enduring and/or repetitive harms on natural resources;
and
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 Current or proposed guidance from FERC or other regulatory agencies do not prevent, avoid,
or otherwise mitigate these ecological and public harms or the multitude of bad practices used
by the pipeline companies.
Attached please find: Field Monitoring Report, Pipeline Construction & Maintenance
Irreparably Harms Rivers, Wetlands and Stream., Addendum to Comment for the PennEast Pipeline, a
compilation of Delaware Riverkeeper Network technical documents, reports and observations
compiled as the result of field monitoring which support, inform and expand upon these conclusions.
DRN’s observations in the field demonstrate and document that construction, operation and
maintenance practices like those being proposed by the PennEast pipeline company, even when
followed in full compliance with regulatory standards, results in unavoidable, unmitigated and
irreparable harm and violations of state water quality standards and wetlands protections. In
addition, DRN monitoring has documented that over and above these impacts, violations of law are
commonplace during pipeline construction, operation and maintenance and as a result the violations
of law, including water quality standards and wetland protections, are further exacerbated.
The DEIS needs to build in a consideration of the inevitable impacts and implications of
construction activity for the project that will necessarily involve violations of the laws governing the
construction activity. No pipeline project of this scale is ever built without violations.106
DRBC legal authority misrepresented in the DEIS – thereby misleading the public and decisionmaking officials.
The mission and authority ascribed to the DRBC in the DEIS is flagrantly incorrect and
misleading. The authority of the DRBC is far broader than asserted by FERC in the DEIS. FERC’s
failure to understand and give due regard to DRBC’s authority fails to ensure full and accurate
information has been provided to the public and suggests that FERC anticipates authorizing pipeline
actions that violate the law. DRBC’s legal authority is not preempted by that of FERC, and therefore,
DRBC retains its full authority to review, approve, approve with modifications and/or deny the
PennEast pipeline project the DRBC docket it requires to proceed to construction, operation and
maintenance.
Section 3.8 of the Compact provides in relevant part:
No project having a substantial effect on the water resources of the basin shall hereafter be
undertaken by any person, corporation, or governmental authority unless it shall have been
first submitted to and approved by FERC, subject to the provisions of Sections 3.3 and 3.5.
FERC shall approve a project whenever it finds and determines that such project would not
substantially impair or conflict with the comprehensive plan and may modify and approve as
modified, or may disapprove any such project whenever it finds and determines that the
project would substantially impair or conflict with such plan. FERC shall provide by regulation
for the procedure of submission, review and consideration of projects, and for its
determinations pursuant to this section.

See discussion in this comment and attachment titled: Delaware Riverkeeper Network Field
Monitoring Report, Pipeline Construction & Maintenance Irreparably Harms Rivers, Wetlands and
Streams. Addendum to Comment for the PennEast Pipeline.
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In addition to the DRBC Rules of Practice and Procedure that apply to hydrostatic testing water
withdrawals and wastewater discharges discussed in the DEIS, the DRBC Rules of Practice and
Procedure (“RPP”) clearly subject natural gas pipelines and appurtenances to DRBC authority in the
following additional circumstances107:
1) if the Executive Director of FERC specifically directs;
2) if any state or federal agency refers a project pursuant to specific RPP provision;
3) if the project in question crosses an existing or proposed reservoir or recreation area that has
been incorporated into the Comprehensive Plan; and
4) if the project involves a significant disturbance of ground cover affecting water resources.
Also of significant legal relevance are the DRBC Special Protection Waters Regulations –
because Section 3.8 review does clearly apply to the PennEast Pipeline Project; the Special Protection
Waters regulations also clearly apply. In 1992, in response to a petition filed by the Delaware
Riverkeeper Network, the DRBC launched the Special Protection Waters (“SPW”) program, which
established regulations to protect existing water quality in the upper and middle sections of the nontidal Delaware River, portions of which had been designated by the federal government as part of the
National Wild and Scenic Rivers System in 1978. Following the federal designation of an additional
38.9 miles of the Delaware in the National Wild and Scenic Rivers System in 2000, and again in
response to a petition filed by the Delaware Riverkeeper Network, in 2008 the DRBC expanded SPW
coverage to include the River from the Delaware Water Gap National Recreation Area downstream to
the head of tide at Trenton, New Jersey. The entire 197-mile non-tidal river is now included under the
SPW regulations, which is believed to be the longest stretch of anti-degradation policy established on
any river in the nation.
Article 3 of the Water Code, Section 3.10.3.A.2, establishes the strict anti-degradation standard
that the DRBC applies to Special Protection Waters of the Watershed: “It is the policy of the
Commission that there be no measurable change in existing water quality except towards natural
conditions. . . .” Water Code Article 3, Section 3.10.3.A.2.e, requires that “[p]rojects subject to review
under Section 3.8 of the Compact that are located in the drainage area of Special Protection Waters
must submit for approval a Non-Point Source Pollution Control Plan that controls the new or
increased non-point source loads generated within the portion of the project’s service area which is
also located within the drainage area of Special Protection Waters.”
Given that the PennEast Pipeline project will, among other elements, cross DRBC
Comprehensive Plan areas, will cause a significant disturbance of ground cover affecting water
resources, will impact special protection waters, and the company has been notified it will be subject
to DRBC jurisdiction by the Executive Director, the proposed PennEast Pipeline is subject to the full
extent applicable of DRBC authority and is in need of a DRBC docket addressing all relevant impacts
(not just those associated with hydrostatic testing) before it can proceed to and through any portion
of the project’s construction and operation.
DEIS Data and Information Gaps Makes the Document Legally Deficient and Incomplete – a
New and Complete Supplemental DEIS is Required.

These provisions are in addition to others that may apply depending upon legal interpretation and
the outcome of future legal actions and/or decision-making.
Page 55 of 80
107

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Missing Info according to the DEIS:
The DEIS is missing a tremendous amount of information. FERC acknowledges the huge data
gaps throughout the DEIS document. Among the many information gaps identified by FERC itself are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Evaluation of the presence of working and abandoned mines near the proposed crossing
of the Susquehanna River;
Evaluation of liquefaction hazards along the pipeline route and at the compressor station
site;
Final landslide hazard inventory;
Necessary mitigation measures and post construction monitoring plan for liquefaction
hazards and landslide hazards;
Evaluations to support routine/mitigation measures through geologically hazardous
areas;
Final landslide inventory;
Landslide mitigation measures with locations;
Post construction landslide monitoring plan;
Final karst mitigation plan;
Results of al geotechnical investigations, including karst areas, necessary for HDD
planning and design;
Final planned design of each HDD crossing;
A revised/final list, based on final surveys, of water wells and springs within 150 feet of
any construction workspace (500 feet in areas characterized by Karst terrain);
Identification of the management and field environmental professionals responsible for
notification for contaminated sites;
Documentation of the final hydrostatic test water withdrawal sources and locations;
Documentation of all necessary permits and approvals for each hydrostatic test water
withdrawal source;
Identification of special construction methods for construction in extremely saturated
wetlands;
Justification for required additional workspace to accommodate special construction
methods for extremely saturated wetlands;
A revised/final table of impacts on vernal pools within or near the proposed workspaces
based on competed surveys;
An Invasive Plant Species Management Plan for use during construction and operation;
A Migratory Bird Conservation Plan;
Identification of appropriate seed mixes to be used during revegetation efforts;
Completed surveys identifying all potential suitable habitats for special status species in
the project area;
Remaining site specific construction plans for all residences within 25 feet of the
construction ROW and additional temporary workspaces (ATWS) including landowner
approval;
Mitigation measures to minimize adverse impacts for the 7 residential developments, 3
commercial developments, 2 municipal developments and 1 hospital expansion identified
as being within 0.25 miles of the project and its facilities;
Update on the status of the site specific crossing plans for each of the recreational and
special interest areas listed as being crossed or otherwise affected by the pipeline;
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26. Results of consultations with NRCS and the landowner of a known USDA easement
crossing, including proposed mitigation measures to be implemented and copies of
correspondence;
27. Documentation of PA and NJ State Historic Preservation Offices (SHPOs) regarding
proposed avoidance, resource identification, recommendations, updated documentation,
avoidance plans and evaluation reports/treatment plans;
28. Treatment plans or mitigation for National Register of Historic Places – eligible
archaeological sites that cannot be protected from project impacts;
29. Identification of National Park Service concerns with regards to effects to trails and
cultural resources;
30. A vibration monitoring plan and modification of blasting plan that include a review of
potential effects to cultural resources;
31. Mitigation measures for noise levels at the proposed Kidder Compressor Station;
Given all of these self- identified missing pieces of the DEIS, coupled with the missing,
inaccurate and deficient information documented in this and other comments, it is impossible for
FERC to honestly assert it was able to conclude that: “construction and operation of the Project would
result in some adverse environmental impacts, but impacts would be reduced to less-than-significant
levels with the implementation of PennEast’s proposed and our recommended mitigation measures.”
In addition to the missing and deficient information identified by FERC, Delaware Riverkeeper
Network experts have identified a multitude of deficiencies, inaccuracies and missing information
discussed in the attached reports including, but not limited to, the following missing information:
1. DEIS Figure 3.3.1-3 which shows the layout of the proposed preferred route and the Bucks
County Alternative fails to show the lateral pipeline to the proposed Gilbert Interconnect
which requires crossing the Delaware River;
2. Full evaluation of alternatives 7 and 9 given their watershed protection benefits;
3. DEIS fails to consider the environmental ramifications of the open trenching method of
wetland crossings, including impacts to groundwater flows that are so vital to the majority of
wetlands impacted by this project;
4. The DEIS fails to disclose sufficient details about proposed water sources for hydrostatic
testing;
5. HDD crossing plans including specific crossing area, specific methods to be used, location of
mud pits, pipe assembly areas, all areas to be disturbed and/or cleared for construction,
containment plans for spills, contingency plans, etc.;
6. HDD water discharge details including the specific volume of anticipated discharge,
discharge method and impacts on receiving streams;
7. Standards used to guide HDD water withdrawals without preventing impacts on
downstream ecological or human uses and needs;
8. The DEIS should provide a table of bedrock aquifers that includes relevant properties,
including specific capacity statistics or well yields, and conductivity where available.
9. The DEIS needs to include map, analysis and evaluation of the recharge, runoff, pollution,
vegetation, habitat, soil and erosion impacts resulting from the combination of soil type,
slope, compaction potential and depth to bedrock for each section of pipeline along the
proposed preferred route as well as alternatives.
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10. The DEIS should include a complete inventory of springs and seeps within a quarter mile of
the pipeline to adequately consider the changes which could occur due to pipeline
construction.
11. The DEIS should present the result of a final karst study for the area and present plans for
mitigating problems caused by constructing through karst or caused by rapid contaminant
transport within karst.
12. The DEIS should include data or information regarding the mineral content of the soils to be
crossed by the proposed pipeline and the results of leaching tests that should be required.
13. The DEIS should assess the potential for pipeline construction to generate acid generation or
leach metals in all areas where it crosses mine spoil.
14. The DEIS should present avoidance and mitigation discussions focused on preventing the
leaching and transport of acid and metals from the site.
15. The DEIS should provide the data and references supporting the DEIS assertion that “shallow
groundwater … generally have (sic) low arsenic concentrations and that high arsenic
concentrations … are the result of more mature groundwater interacting with geochemically
susceptible and arsenic-enriched water bearing zones, which are often deeper wells” (DEIS, p
4-12).
16. The DEIS should provide the data and references supporting the DEIS assertion that there is
“no indication that common construction activities that involve shallow excavation, such as
home construction, has resulted in increased arsenic concentrations in water supply wells”
(DEIS, p 4-12).
17. The arsenic analysis provided in the DEIS is insufficient to indicate that arsenic leaching from
pipeline construction in the Newark Basin would not be a problem for shallow groundwater
and therefore needs to legitimately and scientifically analyze this issue.
18. The DEIS should provide a plume map of groundwater contamination and a map showing
soils contamination from the Palmerton Zinc Pile Superfund site and assess the implications
of the various proposed pipeline routes for water, groundwater and drinking water
contamination.
19. The DEIS failed to consider: How pipeline construction and operations could affect recharge
and shallow groundwater flow in aquifers near the proposed pipeline; Preferential flow
caused by trenching in the aquifer; Potential contaminant transport enhanced by the
trenching; Groundwater drawdown caused by the trenching.
20. The DEIS fails to consider how the project construction would affect recharge rates, which
are highly variable with the underlying geology, soil type and thickness, and topography
controlling the actual recharge location.
21. As part of an analysis of preferential flow, the DEIS should also analyze the potential for the
trench backfill to facilitate the movement of contaminants through the groundwater.
22. The DEIS fails to consider the pipeline trench as a pathway for contamination.
23. The DEIS fails to define and analyze a reasonable range of alternatives.
24. The DEIS overestimates asserted job and other economic benefits.
25. The DEIS fails to account for the public health impacts of the proposed project.
26. The DEIS fails to account for the social cost of carbon.
27. The DEIS fails to include an analysis of ecosystem services lost due to the construction,
operation and maintenance of the pipeline.
28. The DEIS does not properly account for impacts to property values from construction,
operation and maintenance of the pipeline.
29. The DEIS fails to require sufficient information to determine the potential extent of blasting
at each stream or wetland crossing.
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30. The DEIS fails to consider site specific conditions to determine whether blasting in stream
channels may be required.
31. The DEIS fails to address that proposed pipeline construction practices and long-term
maintenance of the ROW in a non-forested condition will alter land surface conditions and
result in greater stormwater impacts.
The many deficiencies noted in the attached report by Dr. Jim Schmid regarding PennEast
materials on wetlands carry forward into the DEIS data, analysis, and findings. Dr. Schmid’s detailed
analysis was based on filings by PennEast with FERC, the State of Pennsylvania, and elsewhere. Much
of the detail provided in those other filings that were the basis of this analysis were not available as
part of the DEIS.108 Specifically, it is a marked deficiency that the DEIS does not include detailed
wetland information necessary for expert review like that of Dr. Schmid to accurately review and
determine the quality of the wetlands that are to be impacted. Dr. Schmid’s report based on the
materials provided to other regulatory agencies demonstrates just how deficient, inaccurate, and
misleading PennEast has been, and FERC is now adopting PennEast’s assertions whole cloth. FERC
and PennEast had the opportunity to remedy these many deficiencies, inaccuracies, missing data and
problems in the DEIS and yet chose not to remedy them or address them in the DEIS. For more detail
on the items identified below see attached report by Dr. Schmid.
 The size (acreage) of some wetlands along the proposed pipeline were undermapped
significantly.
 There are internal discrepancies in the reported acreage of many delineated wetlands in the
PennEast documents upon which this DEIS is based.
 Most wetlands within and along the proposed pipeline right-of way (ROW) are not visibly
flagged in the field making field verification and ground truth difficult.
 Some wetlands which should be classified as "exceptional value" pursuant to Pennsylvania law
were incorrectly identified by the applicant as "other"
 An assessment of the functions and values of existing wetlands has not been done, and no
evaluation of proposed impacts on the functions and values of wetlands has been done.
 Additional wetlands exist within approximately 19.4 miles of right-of-way (24% of the
proposed pipeline Study Area) that have not been investigated because access was not
(initially) granted. Impacts to those wetlands have not been acknowledged, calculated, or
mitigated for.
 No "existing use" analysis of affected streams has been done, possibly leading to an undercount
of the number and extent of Exceptional Value Wetlands.
 Bog turtle searches did not encompass the entire area requested by USFWS.
 Certain areas of suitable bog turtle habitat were not acknowledged by the applicant.

There does not appear to be any detailed wetland delineation information needed to compare to
the detailed findings in Dr. Schmid’s report. In Volume 1, there is only Table 4.4.2-1 on page 4-70 that
is a summary claiming that 56 acres of wetlands would be affected by construction disturbance and
35 acres would be affected by operation disturbance. In Volume 3, Table G10 is a summary of
Wetland and Waterbody Crossings but it doesn’t provide the wetland type or the acreage. Table G11
shows the wetlands crossed in PA and Table G12 shows the wetlands crossed in NJ. Here the DEIS
lists the wetland type but leaves out the Wetland ID numbers and acreage of each wetland. There does
not seem to be tables for impacted wetlands and delineated wetlands; only wetlands crossed.
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 FERC cannot develop an appropriate mitigation plan based on the information and analysis in
the DEIS with regard to wetlands because the DEIS “provides no evidence that the functions
and values of each wetland proposed to be impacted have been determined or evaluated.”
 The only information evaluating wetland quality is entirely missing from the DEIS. Specifically,
the wetlands tables do not indicate the quality of the wetland impacted pursuant to the state
classification of the wetland.
 Most of the wetlands data is unreliable because it is largely “based on available remote sensing
mapping, and not on field-based investigations.”
 There are numerous “instances where wetlands shown on project drawings appear to be
significantly under-mapped”
To the extent these deficiencies in accurately describing both the size and quality of the
wetlands subject to construction for the Project, FERC cannot accurately determine the appropriate
scope of mitigation necessary to compensate for these irreversible and unavoidable harms. For
example, many of the wetlands in the Project area are not appropriately classified pursuant to the
Pennsylvania Code and the requirements therein, thus preventing FERC and the public from
considering the quality of the wetlands impacted. Indeed, there is no data in the DEIS analyzing
wetland quality outside of this classification system, therefore it is critical that these classifications
are exactly accurate (which they are not).
Other critical deficiencies include, but are certainly not limited to:
 “While the DEIS and the various Resource Reports and updates included in the PennEast
application include information and statistics related to each of these (and other conditions), the DEIS
utterly fails to examine these conditions as they relate to each other and potentially impact project
conditions at stream and wetland crossings. For example, it is impossible, from the information
presented in the DEIS and the PennEast application materials, to directly determine how many stream
crossings of Exceptional Value streams in Pennsylvania will involve open cuts in areas that are
currently forested conditions, on public lands, on steep slopes or erosive soils, or any combination of
the above conditions that can impact water quality and that should inform pipeline location and
construction decisions. It is impossible to easily determine if these crossings also include Additional
Temporary Work Space (ATWS) areas within 50 feet of the waterbody that further increase
disturbance and the potential for water quality impacts, or are located in geologic formations that
may require blasting within the stream channel.
While the DEIS and PennEast application materials provide considerable data and tables in
multiple locations and formats, neither the DEIS nor the PennEast application materials include any
comprehensive compilation and evaluation of the data at stream and wetland crossings, or any
indication that site specific conditions and their impact on water quality (or other environmental
impacts) have informed decisions related to project location and project construction methods” 109
 Many of the “dry crossings of streams are in areas of severely erodible soils (103 dry
crossings), rugged terrain with slopes greater than 30% (34 dry crossings), and other (often multiple)
site specific constraints that increase the likelihood and potential for adverse water quality impacts.
Michelle Adams & Marc Henderson, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016
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Thirty (30) dry stream crossings are located at sites with both severely erodible soils and rugged
terrain. This information must be gleaned from multiple sources within the PennEast application and
is not presented comprehensively in either the PennEast application materials or the DEIS. The DEIS
fails to consider these site specific conditions in determining pipeline location and suitability of
construction methods to minimize impacts or protect water quality.” 110
 “PennEast proposed to use HDD crossings for eleven crossings, including five waterbody
crossings, but site specific plans will be prepared at a later date (DEIS, p 4.51). This means that
aspects of the plans that could be critical at those crossings were not made available for public review
as part of this DEIS. Such plans would include the “location of mud pits, pipe assembly areas, and all
areas to be disturbed or cleared for construction” (Id.). These areas all have potential impacts far
exceeding general pipeline construction. The DEIS should also justify that the crossing areas and
methods are “the minimum needed to construct the crossing” (Id.), and that the public to be able to
review this aspect of the design. The containment plans for spills of drilling mud and other
contingency plans should also be included as important elements in the DEIS for discussion and
review.”111
 Beyond a general list of potential impacts of pipelines construction on water resources, the
DEIS “does not quantify either the existing conditions or describe how the pipeline would affect the
existing conditions. For each water crossing, the DEIS could easily describe the stream velocities,
expected range of flows, bank composition, bed sediment sizes and contaminants present on those
sediments, riparian conditions, and stream type (Rosgen and Silvey 1996). Using this information the
DEIS could make at least semi-quantitative descriptions of the impacts pipeline construction will
cause to the stream.” 112
 “The DEIS and supporting materials provided by PennEast fail to consider the unique, site
specific conditions at each individual proposed stream and wetland crossing, and the corresponding
potential adverse water quality impacts associated with stream crossings, including open cut
crossings. The DEIS fails to comprehensively evaluate each stream crossing with regards to
conditions such as water quality, erosive soils, existing land use and forested areas, existing slopes,
riparian buffers, and the potential need for in-stream blasting. Lacking consideration of the site
specific conditions at each crossing, the DEIS fails to require adequate location and construction
recommendations to protect water quality, as well as construction techniques specific to conditions at
each crossing. The proposed stream and wetland crossing locations, methods of construction, and
long-term land use conditions appear to be based on the needs and preferences of PennEast and not
informed by site specific conditions.”113

Michelle Adams & Marc Henderson, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016
111 Tom Myers, Ph.D. Technical Memorandum Review of Draft Environmental Impact Statement,
Proposed PennEast Pipeline, Docket No. CP15-558-000, FERC\EIS: 0271D, August 31, 2016
112 Tom Myers, Ph.D. Technical Memorandum Review of Draft Environmental Impact Statement,
Proposed PennEast Pipeline, Docket No. CP15-558-000, FERC\EIS: 0271D, August 31, 2016
113 Michelle Adams & Marc Henderson, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016
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 “Importantly, the supporting documentation provided by PennEast fails to provide stream and
wetland crossing information in a manner that allows FERC and other reviewing agencies to evaluate
the site specific conditions at each stream crossing…” 114
 The DEIS fails to consider or even acknowledge stormwater impacts from pipeline
construction, as no stormwater management is proposed or required for the pipeline area. 115
 The DEIS analysis fails to legitimately examine the potential for landslides resulting from site
preparation, construction activities, and post-construction changes to soil properties and vegetative
cover (not just those triggered by seismic events) – the Erosion and Sediment Control Plan relied
upon by FERC and PennEast to avoid this threat is, according to expert review, lacking with respect to
any actual special measures proposed for steep sloped areas to prevent landslides from occurring.116
 The DEIS “evaluation of soil compaction impacts based primarily on a soil’s drainage
classification is incorrect.” 117
 “DEIS fails to consider the site specific conditions that will impact stormwater and erosion,
including existing land cover, steep slopes, soil erosion potential, revegetation potential, and
proximity to waterbodies, as well as pipeline maintenance practices. There is no correlation of site
specific data and information related to the factors that impact stormwater runoff and erosion in the
DEIS or supporting materials. The DEIS fails to evaluate the varying conditions that will impact
stormwater and erosion, and correspondingly fails to require site specific construction techniques
and stormwater management practices.” 118
 “The DEIS and supporting application materials fail to address the permanent, long term
changes to land use cover and soil conditions, and the corresponding increase in stormwater runoff
and erosion. As a result of pipeline construction, there will be permanent long term water quality
impacts related to stormwater runoff, including increases in the rate, volume, and frequency of
stormwater runoff. “119

Michelle Adams & Marc Henderson, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016
115 Michelle Adams & Marc Henderson, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016
116 Princeton Hydro, Technical Review of Volume I FERC Draft Environmental Impact Statement
Submitted for PennEast Pipeline Project, September 2016.
117 See discussion in: Princeton Hydro, Technical Review of Volume I FERC Draft Environmental Impact
Statement Submitted for PennEast Pipeline Project, September 2016.
118 Michelle Adams & Marc Henderson, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016
119 Michelle Adams & Marc Henderson, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016
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 “FERC’s analysis and the resulting reliance on mitigation measures to address soil compaction
impacts are short-sighted and inaccurate. With respect to soil related impacts, the DEIS greatly
underestimates the potential for the alteration of soils traversed by the pipeline and the subsequent
short- and long-term consequences of soil compaction. Additionally, FERC’s finding that the proposed
mitigation measures will prevent any significant alteration of site soils or can successfully limit
impacts attributable to such alterations is inaccurate as based on actual field assessments of
“restored” pipeline ROWs.” 120
 “The subsection of the plan dealing with spill prevention and control is contained in SubSection 13 of the E&SCP, is a single paragraph consisting of five (5) simple bullet points, none of
which provide any direction of the actions that must be taken in the event of a spill. The Spill
Prevention, Control, and Countermeasures Plan upon which FERC has based their findings is
unreasonably simplistic, lacks any detail, and does not account for the highly sensitive and unique
environments the pipeline will disturb.” 121
 FERC relies upon PennEast’s Horizontal Directional Drilling (HDD) Inadvertent Returns and
Contingency Plan for addressing potential impact to groundwater attributable to drilling wastes,
asserting the plan provides sufficient protection. The reference provides only a “single bullet point
that states, a site specific plan will be implemented that includes “a description of how an inadvertent
release of drilling mud would be contained and cleaned up”. This statement provides no assurance or
guidance (even in general) regarding the measures that PennEast takes to prevent such events or
their response to such events.” 122


The DEIS and FERC’s assessment of hydrostatic testing impacts do not consider data generated
on hydrostatic test water showing “phosphorus levels (total phosphorus) ranging from 0.03
mg/l to 0.07 mg/L; which is enough to stimulate an algae bloom” or test results showing that
hydrostatic test “return water is typically very low in dissolved oxygen” which “could cause a
temporary but significant impact to the organisms residing in a stream especially during low
flow conditions or during the summer when DO saturation is low.”

 The DEIS and documents upon which it depends for its conclusions, “does not address
potential groundwater contamination events associated with the operation and maintenance of the
pipeline, including the long-term application of herbicides to control the growth of vegetation or the
management of invasive plants within and adjacent to the pipeline ROW.” 123
 The alignment sheets included in the DEIS fail to include mile posts – this is critical
information for evaluating the claims, assertions and/or data included in and relied upon in the DEIS.
In other documents, such as Resource Report 3, MPs are included. An EIS is supposed to be more
comprehensive, so MPs should be marked on the alignment sheets. The absence of this critically
Princeton Hydro, Technical Review of Volume I FERC Draft Environmental Impact Statement
Submitted for PennEast Pipeline Project, September 2016.
121 Princeton Hydro, Technical Review of Volume I FERC Draft Environmental Impact Statement
Submitted for PennEast Pipeline Project, September 2016.
122 Princeton Hydro, Technical Review of Volume I FERC Draft Environmental Impact Statement
Submitted for PennEast Pipeline Project, September 2016.
123 Princeton Hydro, Technical Review of Volume I FERC Draft Environmental Impact Statement
Submitted for PennEast Pipeline Project, September 2016.
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important information renders the DEIS legally incomplete and unusable for purposes of public,
agency or expert review or comment as it impedes the ability to ground truth and review the
information, claims and data in the DEIS. Not including MPs can only be inferred as an attempt to
provide vague information in response to the knowledge that experts and volunteers are ground
truthing and investigating the claims asserted in the DEIS by PennEast and FERC.


In addition, on alignments the original alignment aerials views and backgrounds on the plots
are muted out; making it difficult for the landowners and public monitors to ground truth the
information asserted. On other pipeline projects, maps are much more detailed and legible.
Blurring and the lack of MPs is an attempt to avoid providing complete information to the
public.
In addition, the failure to provide the public with GIS referenced routes and images so they
could be plotted in interactive maps for the public to review files is grossly negligent and yet
another way that the public has not been provided all of the information needed to engage in
the DEIS review and comment process. Furthermore, PennEast’s own pipeline route on its
website as of 8/19/16 also includes only the September 2015 route as an interactive map.
Where are the files showing the reroutes and the clear alignments proposed for those
reroutes? And where are the electronic files for GIS plotting and for the public to make these
maps on their own without extensive effort and resources? These files should be provided by
the company as the route is updated. FERC’s DEIS recommendation that alignment sheets be
provided to the Secretary before construction is grossly inadequate for the public to comment
or review the deviations being considered.

 The FERC DEIS states that approximately 0.13 acre of vernal pool habitats would be impacted
by construction of the Project, with 0.11 acre permanently impacted during operation. Spot checks in
short sections of already surveyed areas of the route make clear that many sensitive vernal pools and
groundwater seeps and wetlands have been missed and not accurately depicted by field surveys or
the DEIS.
 In Ted Stiles Preserve at Baldpate Mountain, an area that according to the DEIS and PE
alignment sheet had been surveyed by PennEast, there was no flagging observed by Delaware
Riverkeeper Network during a Field-Truthing site visit of the pipeline center line, or any of the
wetlands or streams along the proposed pipeline route we encountered. In addition, an intermittent
stream was not delineated on the PE alignment sheets nor was there flagging present to note this
water feature despite the fact that the stream is delineated on Government mapping.124
The FERC DEIS is filled with assertions that are false, inaccurate, misleading and/or deficient –
these failings ensure this DEIS cannot be said to fulfill the requirements of NEPA.
NEPA requires that the agency “adequately considered and disclosed the environmental
impact of its actions. . .” Baltimore Gas & Electric Co. v. Natural Res. Defense Council, Inc., 462 U.S. 87,
97-98 (1983); see also Bob Marshall Alliance v. Hodel, 852 F.2d 1223, 1228 (9th Cir. 1998) (finding
that the “goal of [NEPA] is to ensure that federal agencies infuse in project planning a thorough
consideration of environmental values”).
Delaware Riverkeeper Network. Field-Truthing and Monitoring of the Proposed PennEast Pipeline,
FERC Draft EIS, Docket No. CP15-558, September 2016.
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A baseline is a practical requirement in a NEPA environmental analysis employed to identify
the environmental consequences of a proposed agency action. See American Rivers, Inc. v. FERC, 201
F.3d 1186, n. 15 (9th Cir. 1999). It has been recognized that “[w]ithout establishing . . . baseline
conditions . . . there is simply no way to determine what effect [an action] will have on the
environment and, consequently, no way to comply with NEPA.” Half Moon Bay, 857 F.2d at 510; see
also N. Plains Res. Council, 668 F.3d at 1085 (“without [baseline] data, an agency cannot carefully
consider information about significant environment impacts. Thus, the agency fails to consider an
important aspect of the problem, resulting in an arbitrary and capricious decision.”) (internal
quotation marks and brackets omitted); Council on Environmental Quality, Considering Cumulative
Effects under the National Environmental Policy Act, at 41 (January 1997) (“The concept of a baseline
against which to compare predictions of the effects of the proposed action and reasonable
alternatives is critical to the NEPA process”); see also 40 C.F.R. § 1508.27(b)(3).
NEPA requires that the lead agency provide the data on which it bases its environmental
analysis. See Lands Council v. Mcnair, 537 F.3d 981, 994 (9th Cir. 2008) (holding that an agency must
support its conclusions with studies that the agency deems reliable) (overturned on other grounds).
Such analyses must occur before the proposed action is approved, not afterward. See LaFlamme v.
FERC, 852 F.2d 389, 400 (9th Cir. 1988) (“[T]he very purpose of NEPA’s requirement that an
[environmental review] be prepared for all actions that may significantly affect the environment is to
obviate the need for speculation by insuring that available data is gathered and analyzed prior to the
implementation of the proposed action”) (internal citation and quotation marks omitted). This is
consistent with NEPA’s twin aims of (1) ensuring that agencies carefully consider information about
significant environmental impacts; and, (2) guaranteeing relevant information is available to the
public. See Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 349 (1998).
The missing and inaccurate information is a fundamental failing of the DEIS, and it prevents
other state, federal and regional watershed agencies, and the public from having the data and
information they need to assess the impacts of the proposed pipeline on water resources, habitat,
wildlife, drinking water and human communities. The DEIS is designed to help inform sound
decision-making, in its current deficient and erratic state this document is worthless for assessment
and decision-making purposes.
The FERC DEIS is filled with assertions that are false, inaccurate, misleading and/or deficient,
including, but not limited to:
The DEIS states:
“The authorized facility location(s) shall be as shown in the EIS, as supplemented by filed
alignment sheets. As soon as they are available, and before the start of construction, PennEast shall
file with the Secretary any revised detailed survey alignment maps/sheets at a scale not smaller than
1:6,000 with station positions for all facilities approved by the Order. PennEast shall file with the
Secretary detailed alignment maps/sheets and aerial photographs at a scale not smaller than 1:6,000
identifying all route realignments or facility relocations, and staging areas, pipe storage-yards, new
access roads, and other areas that will be used or disturbed and have not been previously identified in
filings with the Secretary. Approval for each of these areas must be explicitly requested in writing. For
each area, the request must include a description of the existing land use/cover type, documentation
of landowner approval, whether any cultural resources or federally listed threatened or endangered
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species will be affected, and whether any other environmentally sensitive areas are within or abutting
the area. All areas shall be clearly identified on the maps/sheets/aerial photographs. Each area must
be approved in writing by the Director of the OEP before construction in or near that area. This
requirement does not apply to extra workspace allowed by PennEast’s E&SCP Plan and/or minor field
realignments per landowner needs and requirements that do not affect other landowners or sensitive
environmental areas such as wetlands.”
DRN Response:
All of this information must and should be included in, and subjected to, the DEIS review and
comment process. Having provided such deficient information in the DEIS in the first instance, that
PennEast and FERC are allowed to, out of the public process, remedy, review, agree upon, and use for
construction purposes supplemental information evades the requirements of law and both
undermines and evades the review of the public and the mandates of the public process.
There is an overall discrepancy – a missing mile – between the description of the pipeline
proposal in the resource reports versus in the DEIS. The DEIS states that there will be 115.1 miles of
36 inch pipeline, while other documents, such as Resource Report 1, state that there will be
approximately 114 miles of 36 inch pipeline. Most maps and GIS files of the project show a total
length of 114.02 miles. The alignment has changed since September of 2015, and it’s possible that
these changes may have resulted in an extra mile of overall length and therefore an extra mile of
potential environmental damage. Regardless, the reason for the change and the discrepancy in length
should be remedied and clearly identified in all materials associated with this project, including being
directly addressed in the DEIS and subject to public and agency review and comment.
DEIS states:
The 118.8 miles would consist of the following facilities:
 115.1 miles of new 36-inch-diameter pipeline extending from Luzerne County, Pennsylvania to
Mercer County, New Jersey;
 the 2.1-mile Hellertown Lateral consisting of 24-inch-diameter pipe in Northampton County,
Pennsylvania;
 the 0.1-mile Gilbert Lateral consisting of 12-inch-diameter pipe in Hunterdon County, New
Jersey; and
 the 1.5-mile Lambertville Lateral consisting of 36-inch-diameter pipe in Hunterdon County,
New Jersey.
This characterization of the project is different than what the public was told elsewhere on the
FERC docket.
DRN Response:
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But Resource Report 1 (September 2015) says:

Additionally, proposed HDD source locations and volumes provided in DEIS Table 4.3.2-7
differ from those provided in resource report 2 Table 2.4-1.
The DEIS is riddled with Threatened and Endangered (T&E) data that is inconsistent, wrong,
missing, or misleading thus failing to establish an effective baseline for the review
Statement from the EIS:
“The red-shouldered hawk was identified by the NJDEP-NHP as potentially occurring within
the Project area in Hunterdon and Mercer counties. No suitable habitat was identified within
accessible properties that were surveyed by PennEast in 2015; however, suitable breeding
habitat for this species may be present. PennEast has committed to conducting tree clearing to
times outside of the March 1- July 31 breeding and nesting period for raptors. This timing
restriction would minimize the impacts that the Project would have to this species. PennEast
would also be required to follow all restrictions found in the MBTA related to impacts on
migratory birds, and would be required to develop a Migratory Bird Conservation Plan
developed in consultation with FWS (see Section 4.5).”
DRN Response:
The surveys missed two red-shouldered hawk nests and multiple adult and juvenile redshouldered hawks that were observed in the area of MP 93.5 and MP 93.6 by Dennis and Joann Kager
in Kingwood Township, NJ. The nests were adjacent to the ROW where the pipeline would go.
Photographs and observational data were submitted to NJDEP and are presented to FERC now.
Statement from the EIS:
“The red-headed woodpecker was identified by the NJDEP-NHP as potentially occurring
within the Project area in Hunterdon and Mercer counties, and it was identified during
PennEast’s surveys at milepost 104.7. PennEast has committed to conducting tree clearing to
times outside of the March 1- July 31 breeding and nesting period. This timing restriction
would minimize the impacts that the Project would have on this species. PennEast would also
be required to follow all restrictions found in the MBTA related to impacts on migratory birds,
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and would be required to develop a Migratory Bird Conservation Plan developed in
consultation with FWS (see Section 4.5).
DRN Response:
Red-headed woodpeckers were also observed and documented by DRN volunteer monitors at
MP 93.5 – 93.6 and MP 95.1.
Statement from the EIS:
“Although no bog turtles have been found during Project-specific surveys, the Project would
cross through and impact potential bog turtle habitat (including habitats in unsurveyed areas),
and bog turtles could be present in unsurveyed areas. As a result, the Project may affect and is
likely to adversely affect bog turtles.
“Therefore, our preliminary determination for the Indiana bat, northern long-eared bat, bog
turtle, dwarf wedgemussel, and northeastern bulrush is that the Project “may affect and is
likely to adversely affect” these species.”
DRN Response:
The conclusion of “absence” as a result of the Phase 2 presence/absence bog turtle surveys
does not carry much weight when it is admitted that the project may affect the species and is likely to
adversely affect the species because not all areas have been surveyed. The same can be said for the
Indiana bat, northern long-eared bat, dwarf wedgemussel, and northeastern bulrush. FERC’s failure to
evaluate the areas where there is likely to be an adverse impact to these species renders the DEIS
factually and legally deficient pursuant to NEPA.
Statement from the EIS:
“Of the surveyed wetlands in Pennsylvania, seven met the field criteria (i.e., vegetation,
hydrology and soils) to be considered potential bog turtle habitat, while two met the field
criteria to be considered potential bog turtle habitat in New Jersey. Phase 2 surveys are
currently on-going…”
DRN Response:
The EIS notes that 7 wetlands in PA are considered suitable bog turtle habitat. However, Save
Carbon County hired an independent USFWS qualified bog turtle surveyor (Jason Tesauro) who
identified 9 properties containing one or more suitable bog turtle wetlands in the Hunters Creek
drainage (part of Aquashicola Creek watershed) alone. Tesauro’s report was posted on the FERC
docket and also filed with the USFWS.
The following are areas that were identified to have suitable bog turtle habitat by Save Carbon
County’s consultant (Jason Tesauro) in September of 2015 and were not surveyed or were left out of
the report by PennEast’s consultant (AECOM) in July of 2015:
1. Angun property, MP 44.8
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1 suitable bog turtle area identified by Tesauro missing from AECOM July 2015 bog turtle survey
report. Parcel listed as unsurveyed on PennEast’s March 2016 wetland delineation maps.
“The area was small (~0.1 acre), but clearly consistent with suitable bog turtle habitat criteria.”
– Jason Tesauro on Angun property
2. Conner property, MP 44.9
1 suitable bog turtle area identified by Tesauro missing from AECOM July 2015 bog turtle survey
report. Parcel listed as unsurveyed on PennEast’s March 2016 wetland delineation maps.
3. Maroney property, MP 45
1 suitable bog turtle area identified by Tesauro missing from AECOM July 2015 bog turtle survey
report. Parcel listed as unsurveyed on PennEast’s March 2016 wetland delineation maps.
“Collectively, these patches comprised 0.2 acres of suitable bog turtle habitat.” – Jason Tesauro
on Conner and Maroney properties
4. Knirnschild property, between MP 45 and 45.1
2 suitable bog turtle areas identified by Tesauro missing from AECOM July 2015 bog turtle survey
report. Parcel was fully surveyed on PennEast’s March 2016 wetland delineation maps.
“The southern terminus of the Sei Pike valley (Knirnschild property--closest to the intersection of Sei
Pike and Spruce Hollow Roads) contained the largest area of suitable bog turtle habitat along Sei
Pike…The potential habitat area was approximately 0.4 acres.” – Jason Tesauro on Knirnschild
property
5. Fernandez property, between MP 45 and 45.1
1 highly suitable bog turtle area identified by Tesauro missing from AECOM July 2015 bog turtle
survey report. One wetland, 052915_JC_1001_PEM, is listed as unsuitable bog turtle habitat in
AECOM’s report. Part of parcel listed as fully surveyed and another part is listed as unsurveyed on
PennEast’s March 2016 wetland delineation maps.
“…the Fernandez site contained a 0.2-acre elongated area of spring-fed marsh and shrub swamp
situated between the base of the Spruce Hollow Rd embankment and the stream…The Fernandez site,
although small, contained highly suitable potential bog turtle habitat.” – Jason Tesauro on
Fernandez property
6. Mosier property, between MP 45 and 45.1
1 suitable bog turtle area identified by Tesauro missing from AECOM July 2015 bog turtle survey
report. Part of parcel listed as unsurveyed and other part does not appear on PennEast’s March 2016
wetland delineation maps.
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“The approximate size of the suitable bog turtle habitat on the Mosier property was 1 acre.” –
Jason Tesauro on Mosier property
7. Randy property, MP 45.2
1 suitable bog turtle area identified by Tesauro missing from AECOM July 2015 bog turtle survey
report. Parcel does not appear on PennEast’s March 2016 wetland delineation maps.
8. Vees property, MP 45.7
1 suitable bog turtle area identified by Tesauro missing from AECOM July 2015 bog turtle survey
report. One wetland east of the property, 051115_JC_1001_PEM, is listed as unsuitable bog turtle
habitat in AECOM’s report. Parcel does not appear on PennEast’s March 2016 wetland delineation
maps.
“The wetland contained a 1.5 acre spring fed marsh with deep mud and muck soils, rivulets, and
shallow-water swales...Approximate habitat size: 0.54 acres…The two properties evaluated along the
Hunters Creek contained a significant area of emergent and scrub-shrub wetlands, much of which
appeared suitable for bog turtles.” – Jason Tesauro on Randy and Vees properties
9. Anthony property, MP 45.9
2 highly suitable bog turtle areas identified by Tesauro missing from AECOM July 2015 bog turtle
survey report. Parcel listed as unsurveyed on PennEast’s March 2016 wetland delineation report.
“The wetland system on the Anthony property encompassing the headwaters above the farm’s
outbuildings to the marsh along Stagecoach Road East supports highly suitable bog turtle habitat.” –
Jason Tesauro on Anthony property
The failure to accurately delineate these wetlands, and therefore failure to accurately classify
them pursuant to the Pennsylvania Code, renders the DEIS legally and factually deficient.
Statement from the EIS:
Pennsylvania and New Jersey have enacted laws to designate and protect state listed
species. In Pennsylvania, this state law is referred to as the Endangered Species Coordination
Act
(under Pennsylvania House Bill 1576); while the applicable state law is referred to as the
Endangered Species Conservation Act of 1973 in New Jersey. This EIS provides information
related to impacts on state listed species in compliance with these state laws.”
DRN Response:
A total of 8 NJ state threatened, endangered, or special concern mussel species are completely
left out of the EIS. These species are as follows: triangle floater (threatened), brook floater
(endangered), yellow lampmussel (threatened), eastern lampmussel (threatened), green floater
(endangered), tidewater mucket (threatened), eastern pondmussel (threatened), and creeper
(species of special concern). All eight of these species may potentially occur in various waterbodies
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crossed by the project, based on the GIS range maps created by the Conserve Wildlife Foundation of
New Jersey and the NJ Division of Fish and Wildlife found at:
http://conservewildlife.maps.arcgis.com/apps/MapJournal/index.html?appid=093a625e6fa044e191
595e57dceee027&webmap=7fc0d5a9cd0f419a8fdd3d254b316752
Image from DEIS:

Response:
In PA, one DRN volunteer monitor documented a vernal pool near MP 43.5 – 44 by observing
wood frog egg masses (a vernal pool obligate species).
In NJ, volunteer monitors documented vernal pools near MP 95 – 95.5 and MP 107 – 109 by
observing wood frog egg masses, wood frog tadpoles, and springtime fairy shrimp (vernal pool
obligate species).
Potential vernal pool habitat at MP 107.8 – 107.9 is acknowledged in Resource Report 3 below:
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Since it was concluded that no potential vernal pools were observed onsite in Resource Report
3, this area was presumably left out of the EIS. However, our volunteer documenting vernal pool
obligate species between MP 107 – 109 encompasses the area in question.
It must be noted that DRN volunteer monitors only walked certain sections of the pipeline
route so many more vernal pools are likely missing from the mapping and DEIS.
With regards to Timber Rattlesnakes, the DEIS states:
PennEast conducted presence/absence and/or habitat surveys for this species in the summer
of 2015. These surveys were conducted by a qualified herpetologist in potential habitat areas
designated by the PFBC. Suitable habitat for this species was identified within the Project area
and one timber rattlesnake was observed within the Project area in Pennsylvania during
wetland field surveys in 2015. For areas that were identified as potential habitat, PennEast has
committed to following the PFBC recommendations to minimize impacts on this species: which
include spring presence surveys, avoiding the habitat during construction, and the restoration
of gestation habitat following PFBC guidelines (PFBC 2010). PennEast has also committed to
avoiding denning habitat identified near MP 39.2 and adhering to a 300 foot no disturbance
buffer around these dens, as well as the use of rattlesnake monitor on-site during construction
in suitable habitats between April 15 and October 15.
DRN Response:
The habitats that are listed in the DEIS as being surveyed are not complete and not protective
of timber rattlesnakes and copperheads. DRN documented optimum timber rattlesnake habitat
during assessments conducted in SGL 168 from at least MP 52.9 to 51.0 along Blue Mountain near
Danielsville, PA. DEIS states that 51.1 to 51.6 was surveyed for timber rattlesnake but this only
includes one section of this habitat and does not include all of the optimal habitat areas in that area of
SGLs. There are other areas that should have been/should be the subject of Phase 1 and/or Phase 2
surveys but have not been125.
The DEIS is legally inadequate in its failure to consider alternative routes or construction
practices that could avoid and/or mitigate harm.
As briefly discussed above, the DEIS fails to adequately consider the impacts of the proposed
route, and alternative routes, and fails to fully consider the various construction alternatives that
could both avoid and minimize impacts.
Fails to consider alternatives to avoid or mitigate the adverse impacts of soil compaction in natural
areas.
FERC and PennEast presume in the DEIS and supporting materials “that there is no difference
between the hydrologic response of a forested woodland and the compacted, post-construction
pipeline right-of-way.” As a result, there is no consideration of construction practices to avoid or
mitigate the harms inflicted on these natural resources and thereby prevent the ecological harm that
Delaware Riverkeeper Network. Field-Truthing and Monitoring of the Proposed PennEast
Pipeline, FERC Draft EIS, Docket No. CP15-558, September 2016.
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will result in the form of lost habitat, increased stormwater runoff, reduced groundwater infiltration
and recharge, inability of vegetation to regrow etc.
As proposed for the PennEast Pipeline,
“Compaction in construction work spaces will not be restored by simply regrading to
pre-existing contours, retilling at the surface, and reseeding the area as currently
outlined in the permit application materials. Heavy equipment used in the
construction of the pipeline will inherently compact work areas to depths deeper than
conventional surface tilling can reach. Compaction creates conditions that inhibit the
germination of plants and plant root growth. Existing topsoil will not be segregated
and restored, but will be lost in the construction process. The establishment of
vegetative cover within the pipeline ROW will be more difficult once surface soils are
compacted, and forested woodland will not be restored. “126
“When vegetation regrowth is limited, the likelihood of accelerated erosion is
increased. When runoff cannot infiltrate, is not slowed at the surface by vegetation,
and has direct contact with exposed soils, sediments are much more likely to be
transported to downhill streams and wetlands. This is of specific concern on
significant portions of the pipeline right-of-way in proximity to stream crossings,
where soils to be disturbed by pipeline construction are classified as Severe Erosion
Potential (79), Poor Vegetation (122), and Rugged Terrain with slopes greater than
30% (28). These areas are especially prone to erosion and sediment transport to
waterbodies.” 127
The DEIS fails to recognize these impacts and fails to consider alternatives to avoid or mitigate
the harms including constructions practices that reduce the removal of pre-existing vegetation, that
limit the building envelope, and that prevent compaction during construction – practices discussed in
the attached report by expert Leslie Sauer.
HDD construction method should be default location for waterways and wetlands crossings:
Pipeline projects can use a construction technique called Horizontal Directional Drilling
(“HDD”) to construct the pipeline underneath waterways and wetlands, avoiding impacts entirely. For
this type of crossing, a specialized drill rig is used to advance an angled borehole below the stream or
wetland to be crossed and, using a telemetry guidance system, the borehole is steered beneath the
stream or wetland and then back to the ground surface. The hole is then reamed to a size, adequate
for the pipe to pass through, and the pipeline is then pulled back through the bore hole.

Michelle Adams & Marc Henderson, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016
127 Michelle Adams & Marc Henderson, Water Resources Engineers, Meliora Design, LLC, Professional
Review & Comment of the Draft Environmental Impact Statement and Supporting Documents Related to
Surface Water Impacts of the Proposed PennEast Pipeline Project, September 2016
126
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The records are replete with examples of pipeline projects that have utilized this technology.
For example, the Tennessee Gas Pipeline Company’s use of this technology to construct its Northeast
Upgrade pipeline project under the Delaware River. See 42 Pa Bulletin 7478-7482. Additionally, the
Columbia Gas Pipeline used HDD under Exceptional Value wetlands and at least seven streams for the
Eastside Expansion Project. See Permit E15-846. Indeed, Tennessee Gas Pipeline Company recently
described the viability of HDD technology in its application to the Department for Orion Pipeline
Project.
In fact, the PennEast pipeline project will use HDD to avoid impacts to 74% of the 189 road
crossings it will encounter, but for the stream crossings, 75% will be accomplished using open cut
methods that have the greatest potential to inflict water quality harm, and long term damage to the
creek and its riparian buffer. And, of the seventeen stream crossing locations to be accomplished by
HDD, only four are not associated with a road crossing – making clear that the reason for the HDD
alternative at those locations is the existence of the road, not an effort to protect the creek. Clearly
FERC has prioritized protecting roadways over protecting streams.
Failing to mandate primary consideration and discussion of an HDD construction alternative
for each and every wetland and waterway crossing fails to undertake the alternatives analysis
mandated by NEPA. Indeed, in Pennsylvania HDD under exceptional value wetlands is required by the
Pennsylvania Code.
Activities are proposed for damaging areas with no visible consideration of less damaging options
In Mercer Co. New Jersey, while a horizontal directional drill (HDD) is proposed under
Pleasant Valley Rd. and an adjacent stream and wetland complex (between MP 105.5 and 106.0, the
HDD entry point is proposed to be located at MP 105.4 and within a large PEM wetland complex
(1002-PEM and 1001-PEM), and the exit point is proposed just adjacent another wetland complex
and just north of and paralleling a stream where it appears from the faded aerial provided by
PennEast that mature trees will need to be cut. And yet, it seems that there are obviously less
impactful locations for both the entry and exit point that were not even considered128.
Blasting
The discussion on blasting (DEIS, p 4-58) concerns worker safety, not environmental impacts.
In fact there are significant ramifications that result from blasting, among them is that blasting leaves
nitrogen which can run off with stormflow and enter streams as nitrate or ammonia. Issues such as
these, noise and other potential environmental impacts are overlooked by the DEIS. Alternatives that
avoid blasting were not given due consideration.
Co-location – Alternative Footprints
The DEIS fails to provide an adequate level of detail regarding the selection of the proposed
preferred route – it gives numbers of stream crossings, wetlands cut, forest acres lost, but fails to give
the information necessary to assess or justify why alternatives with a reduced footprint with regards
to some natural resources were rejected for the proposed preferred route.
Delaware Riverkeeper Network. Field-Truthing and Monitoring of the Proposed PennEast Pipeline,
FERC Draft EIS, Docket No. CP15-558, September 2016.
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In addition, the DEIS presumes that if the pipeline is co-located with a preexisting linear
project that its impacts have been avoided or been minimized as compared to other options; such an
outcome cannot be presumed. The co-location strategy proposed does not site the PennEast pipeline
within the pre-existing ROW of these preexisting projects, it actually creates a second, adjacent
footprint, thereby expanding the ROW footprint to accommodate the PennEast project. This
expansion of the ROW requires new tree clearing, more soil compaction, new stream cuts and
denuded buffers, etc. The value of the co-location in these areas is therefore less significant than
stated in the DEIS.
Additionally, while the DEIS states that colocation is less impactful, in the Ted Stiles Preserve
on Baldpate Mountain, the pipeline maps indicate that the pipeline would run adjacent to the existing
ROW cutting through new habitat instead of being built within the current ROW footprint which
means more habitat disturbed, trees cut, and an extension of forest fragmentation further into the
woods.
As noted by Dr. Myers in his attached report:
• “An existing 50 to 100 foot wide treeless swath through a forest could be doubled as the result
of the preference to following existing ROWs within a forest area. Such a width doubling could
have foreseeable (but unanticipated by the DEIS) effects especially in valuable forest regions such
as in Hickory Run State Park (Photo 5, p 17). In a wetland, such as in Photo 5, the area exposed to
solar insolation could significantly increase which would both warm the water and increase
evapotranspiration. The DEIS does not consider such factors in its comparison of alternatives.”
In other areas, where obvious opportunities for colocation, if within the pre-existing corridor,
may reduce the pipeline footprint and impact, it seems an altogether ignored option. For example:
• In the Blue Mountain, part of SGL 168, Blue Mt Ski area is highly impacted with massive cuts
for ski slopes yet it appears the pipe line proposed near the ski center would add an additional
cut rather than utilize one of the current clear cut paths.
• While there is an existing Buckeye oil pipeline present in proximity to the proposed new
greenfield PennEast route that already cuts across the steep slope and the Appalachian Trail (AT)
within SGL 168, it is unclear why co-location is not considered for this area where such sensitive
habitat, steep slopes, and cultural impacts are in jeopardy.
• Note -- the crossing of the Appalachian Trail by the proposed route is in a section that is only
feet away from a scenic overlook and cliff outcropping – it is hard to imagine a more damaging
location for harming this important recreational and cultural resource. This area is also prime
rattlesnake habitat.
The DEIS fails to fully consider the advantages of alternative options for the construction route,
instead relying on what PennEast proposes rather than an independent assessment amongst options.
The most obvious advantage of the Luzerne-Carbon alternative is that just 1.5 acres of wetland
would be affected by construction while for the proposed preferred route, 12 acres would be affected.
The DEIS does not compare wetland type or value, but the much smaller area for the alternative
suggests it could be much less impactful. Also, the Luzerne-Carbon reach also includes the extremely
saturated wetland 7 are just south of I-80 on the proposed route, which the DEIS describes as a
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difficult area for construction (DEIS, p 4-69 and discussion below in Section 3.33). The DEIS
alternatives comparison fails to consider the advantages of not constructing the pipeline through this
wetland.
The DEIS notes the increase in stream crossings and small increase in forest area clearing in its
rejection of the alternative (DEIS, p 3-11). The increases are not discussed regarding the quality of the
streams or forest affected, nor does it consider the value of the wetlands not impacted, so the DEIS
does not provide adequate evidence in support of the choice of the proposed route.”
Similar deficiencies in analysis are noted by Dr. Myers for the Bucks County alternative.
ROW Use Damage by Vehicular Traffic
Dr. Tom Myers notes in his report the damage that is done on existing ROWs due to access by
vehicular traffic, including off road vehicles. Dr. Myers provides expert analysis, and photographic
evidence, of the damage done by this use of at least one of the existing ROW’s PennEast proposes to
use. Use of ROWs by off road vehicles is a common, known and foreseeable outcome of construction
of the PennEast pipeline, and yet the DEIS fails to give the frequent, ongoing, repetitive and enduring
damage to natural resources including waterways, wetlands, wildlife, habitat and restoration efforts
by this known and foreseeable outcome its due attention. Statements that off road vehicles are
prohibited by sign postings, gates, or web site announcements is not good enough. Discussion and
commitment to enforceable measures that will demonstrably prevent this significant, repetitive and
enduring impact is an essential element of avoiding known and foreseeable harm and requires due
attention.
Construction of the PennEast Pipeline will bring demonstrable threats and harms to life,
property, property rights and riparian rights
The PennEast pipeline is a significant danger to human life and property. Pipelines are a
serious source of human harm and property damage.
According to the Pipeline and Hazardous Materials Safety Administration129, in the most recent
six years found on PHMSA’s data portal for gas transmission lines (onshore) there have been over 100
fatalities or injuries requiring hospitalization and over $880 million in damage as the result of 622
pipeline incidents. When explosions happen, the harm to people, property and the environment can
be severe and costly. And the risk of accident, incident and harm is increasing. In addition to the
actual physical harm that happens when there is an accident or incident, there is the ongoing
psychological burden inflicted by the fear of accident, incident or explosion for those who are forced
to live next to a gas pipeline, including those who are forced to live with a pipeline because of the
power of eminent domain exercised by a pipeline company.
The DEIS asserts that:
“The frequency of significant incidents is strongly dependent on pipeline age.”

https://hip.phmsa.dot.gov/analyticsSOAP/saw.dll?Portalpages
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But in fact this determination is not supported by the evidence. In fact, the hazards of
pipelines for human safety and property damage are increasing. According to a report by Pipeline
Safety Trust:
“The gas transmission lines installed in the 2010s had an annual average incident rate of 6.64
per 10,000 miles over the time frame considered, even exceeding that of the pre-1940s pipes. Those
installed prior to 1940 or at unknown dates had an incident rate of 6.08 per 10,000 miles.” 130
The DEIS’s improper determination that pipelines constructed more recently are safer resulted
in a flawed analysis and discussion of the health and safety ramifications of the proposed PennEast
pipeline for communities. The focus of the DEIS on compliance with regulations does not excuse the
failure to assess the fact that accidents, incidents and explosions are higher than in older, pre-1940
pipelines, and the need to consider why safety is on the decline and whether PennEast will be
subjected to the same construction approaches that have made more modern pipelines less safe and
more prone to catastrophic events.
In the DEIS, to diminish the serious health and safety threats and harms of pipelines, FERC
uses the assertion that:
“The majority of fatalities from natural gas pipelines are associated with local
distribution pipelines. These pipelines are not regulated by FERC; they distribute
natural gas to homes and businesses after transportation through interstate
transmission pipelines. In general, these distribution lines are smaller-diameter pipes
and/or plastic pipes that are more susceptible to damage.”
But given that distribution pipelines are a normal and needed consequence of an interstate
transmission line in order to take the induced fracked gas from the well pads into interstate
commerce, the harms inflicted by distribution lines must be equally assessed and accounted for in the
DEIS as a foreseeable, direct and induced consequence of the PennEast pipeline.
The effort by the DEIS to dismiss the devastation that gets inflicted when a pipeline explodes
or does damage to a community through an accident or incident is, frankly, disgusting. The DEIS tries
to dismiss the devastation to people and families suffered from an explosion of a pipeline, for
example, by asserting that the harms associated with pipelines are less than with other activities:
The nationwide totals of accidental fatalities from various anthropogenic and natural
hazards are listed in table 4.11.3-2 in order to provide a relative measure of the
industry-wide safety of natural gas transmission pipelines. Direct comparisons between
accident categories should be made cautiously because individual exposures to hazards
are not uniform among all categories. As indicated in table 4.11.3-2, the number of
fatalities associated with natural gas facilities is much lower than the fatalities from
natural hazards such as lightning, tornados, floods, earthquakes, etc.
In addition to the effort to diminish the devastation to a person or family suffered during an
explosion by a natural gas pipeline, the dismissal fails to give the necessary context or assessment to
fairly compare these uses. The necessary comparisons of potential for an incident to occur amongst
https://www.snl.com/InteractiveX/Article.aspx?cdid=A-33791090-11060
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different threats versus the actual reality of a hazard is lacking in the DEIS analysis. Comparing
apples to oranges does not work here.
The DEIS fails to fulfill the mandates of NEPA in all the ways identified in this comment and all
its associated attachments and references. FERC must prepare a new, complete and accurate DEIS for
public review, comment, hearing and consideration. Preparing a final EIS based on this overly
deficient draft would be a violation of NEPA.
To the extent FERC issues any letter orders to proceed with tree felling construction activity
prior to the issuance of the Clean Water Act Section 401 water quality certifications, FERC is in
violation of the Clean Water Act
Section 401 of the CWA plainly requires “no [federal] license or permit shall be granted until the
certification required by this section has been granted or waived.” 33 U.S.C. § 1341(a)(1); City of Tacoma
v. FERC, 460 F.3d 53, 68 (D.C. Cir. 2006) (“without [Section 401] certification, FERC lacks authority to
issue a license.”). The Supreme Court has stated that, consistent with the State’s primary enforcement
responsibility under the CWA, Section 401 “requires States to provide a water quality certification before a
federal license or permit can be issued….” PUD No. 1 of Jefferson Cnty. v. Wash. Dept. of Ecology, 511
U.S. 700, 707 (1994) (emphasis added). Likewise, the D.C. Circuit clearly held that “without [Section 401]
certification, FERC lacks authority to issue a license.” City of Tacoma v. FERC, 460 F.3d 53, 68 (D.C. Cir.
2006). Until such time that the states of Pennsyvlania and New Jersey issue their respective Section 401
water quality certifications FERC is prohibited from issuing letter orders authorizing any construction
activity for the Project. This includes but is not limited to tree felling activities.
Submitted,

Maya K. van Rossum
the Delaware Riverkeeper
Attachments:
Appendix 1: Table A-1. Active, proposed and reported natural gas wells in Pennsylvania, by county
Letter dated September 9, 2016 written by Key-Log Economics to Secretary Kimberly Bose & Deputy
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Appendix 1
Table A-1. Active, proposed and reported natural gas wells in Pennsylvania, by county
Region/County

Northwest

Proposed but
Never
Materialized

Active

Operator
Reported Not
Drilled

Active

PBNM

ORND

856

200

275

9%

7%

6%

Armstrong

244

45

46

3%

2%

1%

Butler

497

45

194

5%

2%

5%

Clarion

28

12

23

0%

0%

1%

Crawford

2

2

0

0%

0%

Erie

1

0

0

0%

Forest

23

11

5

0%

0%

0%

Lawrence

31

53

4

0%

2%

0%

Mercer

26

24

1

0%

1%

0%

Venango

3

3

2

0%

0%

0%

Warren

1

5

0

0%

0%

Southwest

3,537

789

746

37%

29%

18%

Allegheny

118

21

24

1%

1%

1%

Beaver

67

82

30

1%

3%

1%

Bedford

0

1

0

Blair

6

2

0

0%

0%

Cambria

3

8

11

0%

0%

0%

Fayette

267

74

36

3%

3%

1%

Greene

1,184

282

125

12%

10%

3%

Indiana

39

22

22

0%

1%

1%

Somerset

17

6

12

0%

0%

0%

1,564

227

344

16%

8%

8%

272

64

142

3%

2%

3%

673

295

517

7%

11%

12%

Cameron

69

0

18

1%

Centre

34

14

110

0%

1%

3%

117

113

80

1%

4%

2%

79

10

50

1%

0%

1%

0

8

2

0%

0%

Washington
Westmoreland
Central

Clearfield
Clinton
Columbia

Synapse Energy Economics, Inc.

0%

0%

PennEast Well Drilling Impacts
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Elk

130

19

107

1%

1%

1

2

0

0%

0%

61

45

21

1%

2%

0%

0

0

0

116

51

40

1%

2%

1%

Mifflin

0

0

0

Montour

0

0

0

Northumberland

0

0

0

Potter

66

33

89

1%

1%

2%

Snyder

0

0

0

Union

0

0

0

Northeast

4,414

1,449

2,720

47%

53%

64%

Bradford

1,133

650

1,114

12%

24%

26%

Carbon

0

0

0

Lackawanna

0

0

27

Luzerne

0

1

12

894

104

404

Monroe

0

0

0

Pike

0

0

0

119

131

1,306

Huntingdon
Jefferson
Juniata
McKean

Lycoming

Sullivan
Susquehanna
Tioga
Wayne
Wyoming
Total

3%

1%
0%

0%

9%

4%

9%

82

1%

5%

2%

262

494

14%

10%

12%

743

199

449

8%

7%

11%

0

5

4

0%

0%

219

97

134

2%

4%

3%

9,480

2,733

4,258

100%

100%

100%

Synapse Energy Economics, Inc.
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Research and strategy for the land community.

September 9, 2016

Kimberly Bose, Secretary
Nathaniel J. Davis, Sr., Deputy Secretary
Federal Energy Regulatory Commission
888 First Street NE, Room 1A
Washington, DC 20426
REFERENCE: OEP/DG2E/Gas 2
PennEast Pipeline Company, LLC
FERC Docket No. CP15-558-000
FERC/EIS-0271D
Dear Ms. Bose and Mr. Davis:
Thank you for this opportunity to comment on the Draft Environmental Impact Statement (DEIS)
regarding the PennEast pipeline project as proposed by PennEast Pipeline Company, LLC. I am an
economist specializing in research on the relationships between natural resource stewardship and
environmental quality on human wellbeing. KeyLog Economics has been retained by Delaware
Riverkeeper Network to conduct an independent analysis of key effects of the proposed pipeline,
including changes in property value, lost natural benefits (also known as ecosystem services), health
care costs and others. Based on what we have found in the course of that ongoing research, and on
behalf of Delaware Riverkeeper Network, we offer the comments below regarding FERC’s own as
reflected in the DEIS.
I also teach microeconomics, natural resource economics, and natural resource policy at the
undergraduate and graduate level. In that vein, I am including the following brief discussion of
economic effects, prices, and value to frame my specific comments regarding the PennEast pipeline and
FERC’s analysis of its environmental effects.
As it pertains to the proposed PennEast pipeline and FERC’s subsequent analysis as reported in the
DEIS and supporting documents, these relationships result in two distinct, but overlapping types of
effects on human wellbeing. They are:
●

●

Effects on human welfare that are at least partially reflected in observed prices of goods and
services and/or expenditures on those goods and services. These would include both positive
and negative economic impacts, such as income earned in jobs allocated to operating a pipeline,
or expenditures to repair roads and replace water supplies damaged or disrupted by pipeline
construction.
Effects on human wellbeing that are not reflected in observable market prices that we can
observe. These are commonly known as nonmarket benefits (of environmental quality or
improvements, for example) and nonmarket costs (such as those from environmental
degradation). Nonmarket benefits include the value to people (willingness to pay) over and
above what they actually have to pay for an environmental good (such as clean water to drink) or
c/o Studio IX, 969 2 St., SE, Charlottesville, Virginia 22902
main: 202.556.1269 mobile: 802.272.9849 | team@keylogeconomics.com
nd
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over and above what they actually have to pay to remediate environmental damage. Non-market
benefits and costs also include changes in human welfare from environmental effects for which
there is no outofpocket payment at all. Enjoying the aesthetic quality of a view may cost
nothing to experience, but it still is valued by the observer.
Closely related to these effects are “external costs.” External costs are effects on human welfare that are
not considered as part of a given market transaction because they are borne by or imposed on people
other than the parties to the transaction. They are outside  that is, external to -- the transaction, but
they are every bit as much of an economic effect as private (internal) costs are. When external costs are
present, market prices can be said to be too low. Consequently, the level of provision of the market good
in questionfor example natural gas or the pipelines to transport it--will be too high, resulting in an
inefficient allocation of resources and what economists call a “deadweight loss” to society.
Because “the market” fails to count external costs on its own, additional analyses and decision making
processes are required. FERC’s policy on the Certification of New Interstate Natural Gas Pipeline
Facilities (88 FERC, para. 61,227, or Hoecker et al., 1999) is one example of an attempt to ensure
consideration of at least some external costs. The policy requires that adverse effects of new pipelines
on “economic interests of landowners and communities affected by the route of the new pipeline” be
weighed against “evidence of public benefits to be achieved [by the pipeline]” (Hoecker et al., 1999, pp.
18–19). Further, “…construction projects that would have residual adverse effects would be approved
only where the public benefits to be achieved from the project can be found to outweigh the adverse
effects” (p. 23).
In principle, this policy is in line with the argument, on economic efficiency grounds, that the benefits of
a project or decision should be at least equal to its cost, including external costs. However, the policy’s
guidance regarding what adverse effects must be considered and how they are measured is deeply
flawed. The policy states, for example, “if project sponsors…are able to acquire all or substantially all, of
the necessary rightofway by negotiation prior to filing the application…it would not adversely affect
any of the three interests,” with the three interests being pipeline customers, competing pipelines, and
“landowners and communities affected by the route of the new pipeline” (Hoecker et al., 1999, pp. 18,
26). The Commission’s policy therefore contends that the only adverse effects that matter are those
affecting owners of properties in the rightofway. Even for a policy adopted in 1999, this contention is
completely out of step with long-established understanding that development that alters the natural
environment has negative economic effects.
The policy’s confusion over what counts as an environmental effect (again, most of which will have
economic effects) is further expressed by the following statement:
Traditionally, the interests of the landowners and the surrounding community have been
considered synonymous with the environmental impacts of a project; however, these interests
can be distinct. Landowner property rights issues are different in character from other
environmental issues considered under the National Environmental Policy Act of 1969 (NEPA)
(Hoecker et al., 1999, p. 24)
By the Commission’s reasoning, environmental effects are a matter of the Commission’s “traditions”,
not science, and environmental effects are deemed to be both synonymous with, and distinct from,
interests of landowners and the surrounding community. This statement seems to contradict the
statement one page earlier (p. 23) that “There are other interests [besides those of customers,

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Re: FERC, Docket No: CP15558-000

9/9/2016, Page 3

competitors, and landowners and surrounding communities] that may need to be separately considered
in a certificate proceeding, such as environmental interests.” While we agree that separate/additional
consideration of environmental “interests” must indeed be part of the Commission’s review1, the policy
embodies such a muddle of contradictions on the question of what impacts to examine and why
(tradition versus science), that it seems unlikely that any pipeline certification granted under the policy
would be scientifically or economically sound. In the case of the proposed PennEast pipeline we find the
DEIS to be greatly lacking both in the scope of economically relevant environmental effects considered
and in the quality of the analysis of those few effects considered.
A further weakness of the FERC policy is that it relies on applicants to provide information about
benefits and costs. The policy’s stated objective “is for the applicant to develop whatever record is
necessary, and for the Commission to impose whatever conditions are necessary, for the Commission to
be able to find that the benefits to the public from the project outweigh the adverse impact on the
relevant interests” (Hoecker et al., 1999, p. 26). The applicant therefore has an incentive to be generous
in counting benefits and parsimonious in counting the costs of its proposal. And as reflected in the DEIS
at hand, FERC has made no effort itself to ensure a full accounting of economic costs to landowners or
the broader community despite the wealth of comments placed on the docket that could support such
an assessment.Under these circumstances, it seems unlikely that the Commission’s policy will prevent
the construction of pipelines for which the full costs are greater than the public benefits they would
actually provide.
Compliance with the the National Environmental Policy Act (NEPA) adds, or should add, breadth to the
assessment of economics costs of proposed pipelines. NEPA requires an evaluation of all relevant
effects. Of particular interest here, such relevant effects include direct, indirect, and cumulative
economics effectschanges in human welfare that might or might not be reflected in the market
economy. As the NEPA regulations state,
Effects include ecological (such as the effects on natural resources and on the components,
structures, and functioning of affected ecosystems), aesthetic, historic, cultural, economic,
social, or health, whether direct, indirect, or cumulative. Effects may also include those resulting
from actions which may have both beneficial and detrimental effects, even if on balance the
agency believes that the effect will be beneficial (emphasis added, 36 CFR 1508.b).
It is important to note that NEPA does not require that federal actions–which in this case would be
approving or denying the PennEast certification–necessarily balance or even compare benefits and
costs. NEPA is not a decisionmaking law, but rather a law requiring decisions be supported by an as
full as possible accounting of the reasonably foreseeable effects of federal actions on the natural and
human environment. It also requires that citizens have opportunities to engage in the process of
analyzing and weighing those effects.
Relative to these requirements of NEPA, the PennEast DEIS falls short. The DEIS ignores several
important external costs and discounts others. It also relies too heavily on inadequate and misleading
information provided by the applicant and the natural gas industry. While predictable, given the
Note that environmental effects overlap, but are not limited to, the interests of landowners and surrounding
communities. The effects of air emissions, loss of productive or aesthetically pleasing land uses, lost recreational
opportunities, impacts on climate, and others will affect many people, some much farther from the pipeline itself
than “surrounding communities” would connote.
1
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inherent bias and weakness in FERC’s certification policy noted above, the outcome leaves FERC and
the public without a full picture of the relevant economic effects of the proposed PennEast pipeline.
Details on economicsrelated shortcomings of the DEIS are provided in the remainder of this comment,
beginning with the overarching issue of the DEIS missing several opportunities for meeting energy
service needs in a leastcost / lowest impact manner.

The DEIS fails to define and analyze a reasonable range of
alternatives.
As required by CEQ regulations mentioned in the above section, FERC considered in the DEIS a No
Action alternative, system alternatives, pipeline route alternatives, pipeline route variations, and
aboveground facilities alternatives. The selection criteria for alternatives include whether they 1) Are
technically and economically feasible, reasonable, and practical 2) Offer a significant environmental
advantage over the proposed action 3) Have the ability to meet the objectives of the project (Federal
Energy Regulatory Commission, 2016).
FERC’s failure to consider alternatives aimed at the bigger picture question of energy efficiency and
renewables has important implications for the economics of the proposed pipeline. Namely, unless
further alternatives for meeting actual regional needs for energy services (which is not the same as the
applicant’s stated “need” to transport natural gas) are considered, it will remain impossible to known
whether one of the alternatives considered is actually best. If energy services could be delivered to
people and industry at a lower cost (including all external costs) by focusing on energy efficiency or
power generation from renewable fuels, then considering ONLY gas transmission options will
guarantee an inefficient, wasteful outcome.
FERC states that renewable energy generation or gains realized from increased energy efficiency are not
considered because they are not transportation alternatives. But NEPA requires a broader view. Under
NEPA, federal actions must consider the cumulative impact, defined as “the impact on the environment
which results from the incremental impact of the action when added to other past, present, and
reasonably foreseeable future actions regardless of what agency (federal or non-federal) or person
undertakes such other actions” (40 CFR §1508.7). Changes in energy markets due to energy efficiency
gains and/or further market penetration by renewable alternatives to fossil fuels are reasonably
foreseeable. For example, renewable energy accounted accounted for 40% of new domestic power
capacity installed (American Council On Renewable Energy, 2014), and the relative cost of producing
power from renewable sources, which is already competitive, is falling (Randall, 2016; U.S. Energy
Information Administration, 2016). Moreover, and as shown in Lander (2016), “there are 49.9% more
resources available to meet peak day demand from local gas distribution companies in the region than
is needed (p. 9).” In light of these facts and related factors, FERC must consider alternatives that reflect
the likely future reality in which the gas the PennEast pipeline would transport is not needed and/or is
not a costeffective choice for consumers or electric power generators. To do otherwise--that is, to focus
narrowly on only transportation optionscould lead to a federal action that imposes significant
environmental effects and associated economic costs for no reason.

DEIS Overestimates Positive Economic Effects
Based on a study of potential economic impacts sponsored by the applicant (Econsult Solutions &
Drexel University School of Economics, 2015), the Commission concludes that construction and
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operation of the PennEast pipeline would have “minor” and “minor to moderate” positive effects2 in the
form of jobs, payroll taxes, workers’ expenditures, and local governments’ tax revenues (DEIS, ES-12).
Unfortunately, and due to flaws in the methods and execution of the Econsult study, even these minor
benefits are overblown3. In short, the study
●
●

Overestimates short term impacts due to inherent issues with the models used and the choice of
the size of the study region.
Overestimates longterm job “creation” and other impacts due to use of a model empirically
proven to have no value as a predictor of economic activity occurring more than a year into the
future.

Overestimation of shortterm impacts due to pipeline construction.
The Econsult study’s estimates of economic impacts resulting from spending on the construction of the
pipeline suffer from inherent problems with input-output analysis, for which Econsult used the
IMPLAN data and modeling software. Input-output models are so-named because they purport to
translate an exogenous change in the economy—that is, the “input,” which in this case is spending
required to construct the proposed PennEast pipeline—into “outputs,” which are spending by firms that
PennEast LLC would hire to build the pipeline, spending by firms that those firms would hire, and so
on, plus spending by the households whose labor the various firms would hire. The spending by
PennEast LLC in this case would be a “direct” effect. Spending by the other firms would be the “indirect
effects.” Spending by those households would be the “induced effects.” The ratio of the sum of all three
effects to the direct effect is called the “multiplier.”
While intuitively satisfying, empirical input-output models like IMPLAN are built on a very restrictive
set of assumptions about how those spending/hiring decisions are made. Namely, the models assume
that decisions are made the way they have always been made. Even though firms and people in the real
world will adjust and innovate when faced with a new situation, firms and people in the input-output
model will simply do what they have always done. And since innovation tends toward cost
minimization, using inputoutput models as a proxy for real-world decision-making tends to
overestimate a firms’ spending and results in overestimates of “multiplier effects” (Hoffmann and
Fortmann, 1996). What that means in this case is that construction of the PennEast will not involve as
much indirect and induced spending, or create as many indirect and induced jobs, in the real world as
the output from Econsult’s run of the IMPLAN model suggests.
Another caution—and another reason the estimates of construction impacts are likely inflated—is that
Econsult chose to use the entire states of Pennsylvania and New Jersey as regions for analysis in
addition to analyzing impacts for the six-county region where the pipeline would be built. Regional
economic impact depends on the degree to which direct, indirect and induced spending can occur
Note that the authors of the Econsult study characterize these effects as “significant.” While “minor” and
“significant” are subjective and relative terms, it cannot be the case that the estimated positive economic impacts
of the pipeline are both minor and significant.
3
Econsult also asserts, without reference to any data or analysis, a primary long-term benefit due to lower natural
gas and electricity prices for consumers. The authors fail to consider the possibility that end users could
experience higher costs due to the burden of supporting more transmission infrastructure than is needed (Lander,
2016), the effect of natural gas price increases and/or volatility as Marcellus Shale supplies wane in the long run,
or the potential availability of lower-cost energy alternatives.
2
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within the study region. The bigger the region one selects for analysis, the more likely it is that one can
find a firm in that selected region from which to buy materials or services, and the more likely it
becomes that one could hire labor from someone living inside the region. In other words, the larger the
selected region, the larger the multiplier effect. The Econsult studies do not present a rationale for the
choice of entire states as the study regions.

Overestimate longterm impacts due to pipeline operation and maintenance.
Econsult (2015) also uses input-output modeling and IMPLAN to project long-term or ongoing impacts
from the operation and maintenance (O&M) of the pipeline. Input-output modeling, however, is not
suited for longterm economic impact assessment, and it has been empirically shown to be unreliable
for that purpose. As Haynes et al. (1997) note:
Where the economic base approach gets into trouble is when it is used inappropriately as a tool
for planning or predicting impacts of greater than one year in duration; a snapshot of current
conditions tells little about the form a region’s future economy may take.
The reason for this caution is that economic base theory and empirical input-output models grounded
in that theory (e.g., the IMPLAN model used in the Econsult report) assume a static economy. In such
an economy, there are no changes in relative prices, no input substitution or technological change in the
production processes, no labor mobility, no change in products or consumers’ tastes and preferences,
no regional migration, and no changes in state and local tax laws—to name a few. The constant
technology assumption, for example, prevents firms from using cost-savings innovations, forcing them
to be inefficient, and the result is higher multiplier effects than are actually experienced (Hoffmann and
Fortmann, 1996).
Due to these restrictive assumptions, economic base models have a dismal track record when it comes
to predicting economic growth in the real world and in the long run. (The “long run” is more than a year
into the future, when a firm can change technology, prices can adjust, and people can change what they
want to buy.) In a review of 23 studies, Krikelas (1991) compared predictions of the economic base
model against the actual experience of the subject regions and found only 4 studies where the models
correctly predicted longer run economic growth. Similarly, Robertson (2003) tested predictions from
inputoutput models against actual experience in 15 communities in Southeast Alaska (a region in
which many of the restrictive assumptions of economic base theory might actually apply). He found that
initial economic stimulus does not “cause changes in economic activity serving local demand for the
average community…. The implications of these results [are that] secondary economic impacts [i.e.,
“multiplier effects”] cannot be taken as a foregone conclusion in policy analysis” (p. iii).
While Econsult does reference some of the shortcomings of its modeling approach in an appendix to its
report, the report shrugs off the limitations, stating “Regardless, IO models still serve as the standard
in the estimation of local and regional impacts.” Despite the shortcomings, and under the cloak of its
“everyone else does it” defense, Econsult plugs the 24 direct jobs required to operate and maintain the
pipeline (PennEast Pipeline Company, LLC, 2015) into the IMPLAN model and projects that there
would be 74 additional jobs supported by PennEast. Those 74 jobs are due to the multiplier effect and
include “indirect” employment, or jobs in companies providing materials and services needed for
operation and maintenance of the PennEast pipeline, and “induced” jobs, which are jobs supported
when the people with the direct and indirect jobs spend their pay at grocery stores, at the doctor, or for
other local goods and services. (For comparison, employment in the six-county study region stood at
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1.06 million in 2014, making even the the inflated total employment impact less than one
onehundredth of one percent (0.009%) (Headwaters Economics, 2015).)
Regardless of the size of the estimate, to ascribe these indirect and induced jobs to the PennEast
pipeline as the cause of that employment in the long-term is to assume that the workers in those
indirect and induced jobs would otherwise be idle. Such an assumption is not realistic: idle workers in
the real world typically retrain or relocate to take already open jobs, or they create new employment
opportunities for themselves where they live. Those 74 jobs, in other words, will most likely exist
somewhere (in another sector in the study region or in another region) with or without the direct
PennEast jobs. Operation of the pipeline, in other words, does not create those indirect and induced
jobs any more than the pipeline can create methane to pump through it.
In short, we do not doubt that the construction and operation of the PennEast pipeline will spur
economic activity in the form of jobs and income associated with construction and operation of the
proposed pipeline. And we agree with FERC that the level of that activity is minimal. Because the
estimated level of activity presented by the applicant through the Econsult study is grossly overstated,
we would amplify FERC’s assessment and conclude that the employment and income effects are not
minimal, but practically nonexistent.

DEIS Misses or Discounts Important Economic Effects
Public Health
Compressor stations have been implicated in a variety of illnesses among nearby residents. (Subra,
2009, 2015). The stations can also be noisy, with lowfrequency noise cited as a constant nuisance.
(“Proximity of Compressor Station Devalues Homes by as much as 50%,” 2015). These issues have led
some homeowners to pullup stakes and move away and to reduced property value assessments for
others (Cohen, 2015; “Proximity of Compressor Station Devalues Homes by as much as 50%,” 2015).
One way the PennEast pipeline impacts air quality is by converting forests, which remove normal levels
of impurities from the air, to other land uses. There is also concern for impacts that would occur due to
the dumping of excess impurities into the air in the first place. The 47,700 horsepower (hp) compressor
station proposed for Kidder Township, Carbon County, Pennsylvania, for example, will emit noise as
well as gas and other substances (lubricants, etc.) as a normal part of operations. The negative effects of
the compressor station would include noise and air pollution from everyday operations plus periodic
“blowdowns,” or venting of gas in the system to reduce pressure. As a recent study by the New York
Department of Environmental Conservation indicates, pollution around compressor stations is
common and severe. The five-state study found that “more than 40% of the air samples from
compressor stations exceeded federal regulations for certain chemicals like methane, benzene, and
hydrogen sulfide” (Lucas, 2015). The study also found high rates of illnesses such as nosebleeds and
respiratory difficulties among people living near the stations.
While more definitive epidemiological studies are needed to determine the extent to which natural gas
compressor stations add to background rates of various illnesses, these stations are implicated as
contributing to a long list of maladies. According to Subra (2015), individuals living within 2 miles of
compressor stations and metering stations experience respiratory impacts (71% of residents), sinus
problems (58%), throat irritation (55%), eye irritation (52%), nasal irritation (48%), breathing
difficulties (42%), vision impairment (42%), sleep disturbances (39%), and severe headaches (39%). In

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Re: FERC, Docket No: CP15558-000

9/9/2016, Page 8

addition, some 90% of individuals living within 2 miles of these facilities also reported experiencing
odor events (Southwest Pennsylvania Environmental Health Project, 2015). Odors associated with
compressor stations include sulfur smell, odorized natural gas, ozone, and burnt butter. (Subra, 2009).
Finally, compressors emit constant lowfrequency noise, which can cause negative physical and mental
health effects (Luckett, Buppert, & Margolis, 2015).
In Carbon County, 560 people live within 2 miles of the proposed compressor station (US Census
Bureau, 2015). This would mean 504 people experiencing odor events, 398 people experiencing
respiratory impacts, 325 people experiencing sinus problems, and 218 people experiencing sleep
disturbances and/or severe headaches. In addition to the health impacts discussed above, this pollution
can cause damage to agriculture and infrastructure. One study found that shale gas air pollution
damages in Pennsylvania already amount to between $7.2 and $30 million, with compressor stations
responsible for 6075% of this total (Walker & Koplinka-Loehr, 2014). Using the low estimate of 60%,
that is between $4.32 and $18 million in damages associated with compressor stations.

Social Cost of Carbon: PennEast pipeline would abet the emission of 20.1 metric
tons of CO2 equivalent a year, adding $252.4 million annually to the cost of the
pipeline.
The social cost of carbon (SCC) is a comprehensive estimate of the economic cost of harm associated
with the emission of carbon. The SCC is important for regulation because it helps agencies more
accurately weigh the costs and benefits of a new rule or regulation. In April 2016, a federal court upheld
the legitimacy of using the social cost of carbon as a viable statistic in climate change regulations
(Brooks, 2016). In August 2016, The Council on Environmental Quality (CEQ) issued its final guidance
for federal agencies to consider climate change when evaluating proposed Federal actions (Council on
Environmental Quality, 2016). The CEQ states “agencies should consider applying this guidance to
projects in the EIS or EA preparation stage if this would inform the consideration of differences
between alternatives or address comments raised through the public comment process with sufficient
scientific basis that suggest the environmental analysis would be incomplete without application of the
guidance, and the additional time and resources needed would be proportionate to the value of the
information included” (Council on Environmental Quality, 2016).
PennEast, LLC estimates the pipeline would transport 401,500,000 dekatherms annually, contributing
to an equivalent of 20.1 metric tons of CO2 emitted per year (U.S. EPA, 2016). Using the most
conservative estimate of the cost per metric ton of carbon (U.S. EPA, 2016), the additional emission of
CO2 would cost $252.4 million annually. FERC must count this significant cost among the effects ofthe
proposed pipeline.

Ecosystem Services: FERC ignores the potential loss of human benefit due to
pipelineinduced land conversion.
The idea that people receive benefits from nature is not at all new, but “ecosystem services” as a term
describing the phenomenon is more recent, emerging in the 1960s (Millennium Ecosystem Assessment,
2005). According to a White Memorandum titled “Incorporating Ecosystem Services into Federal
Decision Making” (Donovan, Goldfuss, & Holdren, 2015), ecosystem services are “benefits that flow
from nature to people.” They include tangible physical quantities, such as food, timber, and clean
drinking water, life support functions like assimilating waste that ends up in air and water or on the
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land, as well as aesthetics, recreational opportunities, and other benefits of a more cultural, social, or
spiritual nature.
If ecosystem services are the products of nature, then ecosystems themselves--the land--are the
factories where those products and values are produced. Just as with different man made factories,
different types of ecosystems (forest, wetland, cropland, urban areas) produce different arrays of
ecosystem services, and/or produce similar services to greater or lesser degrees. This is true for the
simple reason that some ecosystems or land uses produce a higher flow of benefits than others.
By similar reasoning, a changes in ecosystems or more fundamentally, changes in land use, will change
the type, amount, and value of the ecosystem services produced in the affected area. In the case of
natural gas transmission pipelines, there is the conversion in the short run of all land in the
construction zone from forests, cropland, urban open space, and other productive uses to barren land
with very little, if any ecosystem service value.
In the longer run, a portion of the construction zone will revert to its pre-disturbance land cover, though
the effects of soil compaction, introduction of invasive species, etc. may make even reverted land
formerly in the construction zone less productive. In the rightofway however, land that had been
forested before construction, will revert to the (less productive) land cover of grassland, or perhaps
shrub scrub, depending on the frequency of mowing to keep the right-of-way free of trees.
Cropland in the ROW could revert to cropland, but if there are restrictions on the weight of vehicles that
can be operated on top of the buried pipeline, it may turn out to be the case that cropland reverts, at
best, to pastureland. Moreover, there could be long-standing harm to agricultural productivity due to
soil compaction, soil temperature changes, and alteration of drainage patterns due to pipeline
construction. As agronomist Richard Fitzgerald (2015) concludes in the context of another proposed
pipeline, “it is my professional opinion that the productivity for row crops and alfalfa will never be
regenerated to its existing present ‘healthy’ and productive condition [after installation of the pipeline].”
In the path of the PennEast pipeline, grower Ron Fulper of West Amwell, New Jersey has seen “very low
[corn] yields” in the portion of his fields crossed by an existing natural gas pipeline (Colaneri, 2015).
By applying peracre ecosystem service productivity estimates (denominated in dollars per acre per
year) to the various arrays of ecosystem service types, one can estimate ecosystem service value
produced per year in the periods before, during, and after construction. The difference between annual
ecosystem service value during construction and before construction is the annual loss in ecosystem
service value of construction. The difference between the annual ecosystem service value during
ongoing operations (i.e., the value produced in the ROW) and the before-construction baseline (no
pipeline) is the annual ecosystem service cost that will be experienced indefinitely.
Using methods established in Phillips and McGee (2016) and applied to pipelines in Phillips, Wang and
Bottorff (2016), we estimate that the PennEast pipeline would cause an initial loss of $7.3 million in
ecosystem services during a one-year construction period. For each year the pipeline is in operation, the
pipeline would induce an additional loss of $2.4 in ecosystem services due to conversion of land in the
ROW. Land converted for use as permanent pipelinerelated infrastructure would mean an additional
loss of $218,200 each year.
These are preliminary estimates, and we recommend that FERC undertake its own assessment of the
ecosystem services impacts of the proposed action. Such a review would be consistent with current
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executive branch direction and coming implementation guidance (Donovan, Goldfuss, & Holdren,
2015). FERC should follow the lead of other agencies and use existing resources, such as Federal
Resource Management and Ecosystem Services (National Ecosystem Services Partnership, n.d.) and
Best Practices for Integrating Ecosystem Services into Federal Decision Making (Olander et al., 2015) in
its review. Such a review would help ensure that these important environmental effects (and their
economic consequences) are no longer ignored in FERC’s decision making.
The failure to include in the DEIS an analysis of ecosystem services lost due to the construction and
operation is a glaring example of inadequacy of FERC’s “traditional” conflation of the interests of
landowners and surrounding communities with environmental impacts described above. The exclusion
of ecosystem service losses means that many of the economic consequences of environmental effects,
not to mention many environmental effects, have not been considered at all. This renders the DEIS
inadequate for informing decision making about the PennEast pipeline.

Property Value: Claims that pipelines do not harm property value are
invalid.
The DEIS (Federal Energy Regulatory Commission, 2016) and PennEast, LLC cite studies purporting to
show that natural gas pipelines (and in one case a liquid petroleum pipeline) have at most an
ambiguous and nonpermanent effect on property values (Allen, Williford & Seale Inc., 2001; Fruits,
2008; Palmer, 2008; Diskin et al. 2011). While the studies differ in methods, they are similar in that
each fails to take into account two factors potentially voiding their conclusions entirely. First, the
studies do not consider that the property price data employed in the studies do not reflect buyers’ true
willingness to pay for properties closer to or farther from natural gas pipelines. For prices to reflect
willingness to pay (and therefore true economic value), buyers would have to have full information
about the subject properties, including whether the properties are near a pipeline.
Second, and for the most part, the studies that find no difference in prices for properties closer to or
farther away from pipelines are not actually comparing prices for properties that are “nearer” or
“farther” by any meaningful measure. The studies compare similar properties and, not surprisingly, find
that they have similar prices. Their conclusions are neither interesting nor relevant to the important
question of how large an economic effect the proposed pipeline would have.

When the preconditions for a functioning market are not met, observed
property prices do not (and cannot) indicate property value.
Economic theory holds that for an observed market price to be considered an accurate gauge of the
economic value of a good, all parties to the transaction must have full information about the good. If, on
the other hand, buyers lack important information about a good, in this case whether a property is near
a potential hazard, they cannot bring their health and safety concerns to bear on their decision about
how much to offer for the property. As a result, buyers’ offering prices will be higher than both what
they would offer if they had full information and, most importantly, the true economic value of the
property to the buyer.
As Albright (2011) notes in response to the article by Disken, Friedman, Peppas, & Peppas (2011):
“The use of the pairedsales analysis makes the assumption of a knowing purchaser, but I
believe this analysis is not meaningful unless it can be determined that the purchaser had true,
accurate and appropriate information concerning the nature and impact of the gas pipeline on,
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near or across their property. … I believe that the authors’ failure to confirm that the purchasers
in any of the paired sales transactions had full and complete knowledge of the details concerning
the gas transmission line totally undercut the authors’ work product and the conclusions set
forth in the article. (p.5)”
Of the remaining studies, only Palmer (2008) gives any indication that any buyers were aware of the
presence of a pipeline on or near the subject properties. For Palmer’s conclusion that the pipeline has
no effect on property value to be valid, however, it must be true that all buyers had full information,
which was not the case in the study.
In some cases, however, the location and hazards of petroleum pipelines become starkly and tragically
known. For example, a 1999 liquid petroleum pipeline exploded in Bellingham, Washington, killing
three, injuring eight and causing damage to property and the environment. In that case and as Hansen,
Benson, and Hagen (2006) found, property values fell after t he explosion, which is to to say, once
wouldbe buyers became aware of the pipeline in the neighborhood. The authors also found that the
negative effect on prices diminished over time. This makes perfect sense if, as is likely, information
about the explosion dissipated once the explosion and its aftermath left the evening news and the
physical damage from the explosion had been repaired.
Today’s market is quite different. In contrast to Bellingham homebuyers in the months and years after
the 1999 explosion, today’s homebuyers can query Zillow to see the history of land prices near the
pipeline and explore online maps to see what locally undesirable land uses exist near homes they might
consider buying. They also have YouTube and repeated opportunities to find and view news reports,
citizens’ videos, and other media describing and depicting such explosions and their aftermath.
Whether the preexplosion prices reflected the presence of the pipeline or not, it is hard to imagine that
a more recent event and the evident dangers of living near a fossil fuel pipeline would be forgotten so
quickly by today’s wouldbe homebuyers.
In Resource Report 5, PennEast, LLC claims that “it has never been commonplace for consumers to
identify the presence of natural gas pipelines as part of their real estate transaction diligence and
therefore, it can be argued the presence of natural gas pipelines is not a significant determinant to the
value for real estate transactions” (2015). This is grossly misleading and plainly illogical. One cannot
conclude a lack of a negative effect from the fact that home sellers do not typically, and counter to their
own selfinterest, disclose information that could induce a drop in the sale price. There are many
attributes of homes offered for sale that are not typically included in the information displayed on real
estate marketing sites. Drafty windows or unpleasant neighbors are but two examples of things home
sellers do not typically include in their description of a home one is trying to sell. They are nevertheless
two attributes of a home that would diminish the value to prospective buyers and, once known by those
buyers, would also diminish the price offered.
PennEast LLC would instead have FERC believe that all persons selling real estate always disclose any
and all features of their property that could possibly reduce the offers they may receive. If that were
true, there would be no need for the laws that require homeowners to disclose, for example, whether the
basement is damp or if the property is included in a homeowners association. Either PennEast LLC
does not understand rational buyer/seller behaviour, or they expect that FERC and the public do not.
What Zillow.com or other sites do accomplish is lowering the effort required for homebuyers to
visualize the location of properties relative to other land uses, including pipeline rights of way.
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Combined with other information, such as maps of pipeline routes and other searchable online
information, real estate marketing tools do make it more likely that prospective buyers will gain
information about the hazard they could be buying into.
With more vocal/visible opposition to large, high-pressure natural gas pipelines, it also seems likely
that prospective home buyers will not have to wait for an incident involving the PennEast pipeline to
learn of it and, therefore, for the PennEast pipeline to affect their willingness to pay (and actual offer
prices) for properties nearby. A drive down the street and a quick online search for information about a
community one is considering a move to is likely to reveal “no pipeline” signs, municipal ordinances
opposing the pipeline, and facebook groups created by local community members formed to raise
awareness about the pipeline. Anyone with an eye toward buying property near the proposed PennEast
corridor could quickly learn that the property is in fact near the corridor, that there is a danger the
property could be adversely affected by the still-pending project approval, and that fossil fuel pipelines
and related infrastructure have an alarming history of negative health, safety, and environmental
effects.
When people have more complete information about a property, they are able to express their
willingness to pay when it comes time to make an offer. Accordingly, the prices buyers offer for homes
near the PennEast pipeline will be lower than the prices offered for other homes farther away or in
another community or region.

Studies concluding that proximity to pipelines does not result in different
property values do not actually compare prices for properties that are different.
While the studies cited in Resource Report 5 and the DEIS purport to compare the price of properties
near a pipeline to properties not near a pipeline, many or in some cases all, of the properties counted as
“not near” the pipelines are, in fact, near enough to have health and safety concerns that could influence
prices. In both studies written by the Interstate Natural Gas Association of America (INGAA) the
authors compare prices for properties directly on a pipeline right-of-way to prices of properties off the
rightofway. However, in almost all cases the geographic scope of the analysis was small enough where
most or all of the properties not on the rightofway were still within the pipelines’ respective
evacuation zones (Allen, Williford & Seale Inc., 2001; Integra Realty Resources, 2016). 4
In the 2016 INGAA study, the specific distance from pipeline was reported for eight case studies. In
those cases, an average of 72.5% of the “off” properties were actually within the evacuation zone and,
like the “on” properties, are therefore likely to suffer a loss in property value relative to properties
farther away. (We estimated the evacuation zone based on available information about the pipeline
diameter and operating pressure.) For the other two cases, the study reported a simple “yes” or “no” to
indicate whether the property abutted the pipeline in question. For these cases, we assume the author’s
methods, while flawed, are at least consistent from one case study to the next meaning it is likely at least
50% or more of the comparison properties (the “off” properties) are in fact within the evacuation zone.
To adequately compare the price of properties with and without a particular feature, there needs to be
certainty that properties either have or do not have the feature. It is a case where comparing apples and
oranges is not only reasonable, but also essential. In the case of these studies, there is little to no
Proximity of properties to pipelines is based on best estimate of the location of the pipelines derived from
descriptions of the pipelines’ locations provided in the studies and an approximation of the evacuation zone based
on pipeline diameter and operating pressure (Pipeline Association for Public Awareness, 2007).

4
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variation in the feature of interest (i.e., the majority of properties are within the evacuation zone). The
studies are looking at and comparing the “apples.” In this case, the feature of interest is the presence of
a nearby risk to health and safety. With no variation in that feature, a systematic variation in the price
of the properties is not expected. By comparing apples to apples when it should be comparing apples to
oranges, the INGAA studies reach the obvious and not very interesting conclusion that properties that
are similar in size, condition, and other features including their location within the evacuation zone of a
natural gas pipeline, have similar prices.
To varying degrees, the other studies cited by FERC PennEast LLC suffer from the same problem. Fruits
(2008), who analyzes properties within one mile of a pipeline that has a 0.8-mile-wide-evacuation zone
(0.4 miles on either side), offers the best chance that a sizable portion of subject properties are in fact
“not near” the pipeline from a health and safety standpoint. He finds that distance from the pipeline
does not exert a statistically significant influence on the property values, but he does not examine the
question of whether properties within the evacuation zone differ in price from comparable properties
outside that zone. A slightly different version of Fruits’ model, in other words, could possibly have
detected such a threshold effect. (It should go without saying that such an effect would show up only if
the buyers of the properties included in the study had been aware of their new property’s proximity to
the pipeline.)
In short, the conclusion that pipelines do not negatively affect property values cannot be drawn from
these flawed studies. To evaluate the effects of the proposed PennEast pipeline on property value, FERC
and others must look to studies (including those summarized in the next section) in which buyers’
willingness to pay is fully informed about the presence of nearby pipelines and in which the properties
examined are truly different in terms of their exposure to pipelinerelated risks.

Better information about the effect of pipelines on property values is available.
To say the impacts and potential impacts of the PennEast pipeline on private property value are
important to people along its proposed route would be an extreme understatement. Along with
Delaware Riverkeeper Network, we are reviewing all comments regarding the PennEast proposal..
While that review is still underway, we can report that of the random sample of comments reviewed so
far 35% mention concerns about the effect on property value. Of this group, 99.6% believe the effect on
property value will be negative.
While it is impossible to know precisely how large an effect the specter of the PennEast pipeline has
already had on land prices, there is strong evidence from other regions that the effect would be negative.
In a systematic review, Kielisch (2015) presents evidence from surveys of Realtors, home buyers, and
appraisers demonstrating natural gas pipelines negatively affect property values for a number of
reasons. Among his key findings relevant to PennEast:
●

68% of Realtors believe the presence of a pipeline would decrease residential property value.5

●

Of these Realtors, 56% believe the decrease in value would be between 5% and 10%. (Kielisch
does not report the magnitude of the price decrease expected by the other 44%.)

This result demonstrates that Realtors’ knowledge of their own market is not defined by or limited to what is
advertized on realtor.com.
5
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●

70% of Realtors believe a pipeline would cause an increase in the time it takes to sell a home.
This is not merely an inconvenience, but a true economic and financial cost to the seller.

●

More than three quarters of the Realtors view pipelines as a safety risk.

●

In a survey of buyers presented with the prospect of buying an otherwise desirable home with a
36inch diameter gas transmission line on the property, 62.2% stated that they would no longer
buy the property at any price. Of the remainder, half (18.9%) stated that they would still buy the
property, but only at a price 21%, on average, below what would otherwise be the market price.
The other 18.9% said the pipeline would have no effect on the price they would offer.
Not incidentally, the survey participants were informed that the risks of “accidental explosions,
terrorist threats, tampering, and the inability to detect leaks” were “extremely rare” (Kielisch,
2015, p. 7). Considering only those buyers who are still willing to purchase the property, the
expected loss in market value would be 10.5%.6 This loss in value provides the mid-level impact
in our estimates. A much greater loss (and higher estimates) would occur if one were to consider
the fact that 62% of buyers are effectively reducing their offer prices by 100%, making the
average reduction in offer price for all potential buyers 66.2%.7 In our estimates (see below),
however, we have used the smaller effect (10.5%) based on the assumption that sellers will
eventually find one of the buyers still willing to buy the pipeline-easement-encumbered
property.

●

Based on five “impact studies” in which appraisals of smaller properties with and without
pipelines were compared, “the average impact [on value] due to the presence of a gas
transmission pipeline is 11.6%” (Kielisch, 2015, p. 11). The average rises to a range of -12% to
14% if larger parcels are considered, possibly due to the loss of subdivision capability.

Kielisch’s findings demonstrate that properties on natural gas pipeline rights-of-way suffer a loss in
property value. Boxall, Chan, and McMillan (2005), show that pipelines also decrease the value of
properties lying at greater distances. In their study of property values near oil and gas wells, pipelines,
and related infrastructure, the authors found that properties within the “emergency plan response zone”
of sour gas8 wells and natural gas pipelines faced an average loss in value of 3.8%, other things being
equal.
The risks posed by PennEast would be different–it would not be carrying sour gas, for example–but
there are similarities with the PennEast scenario that make Boxall et al.’s finding particularly relevant.
Namely, the emergency plan response zones (EPZs) are defined by the health and safety risks posed by
the gas operations and infrastructure. Also, and in contrast to the FERC- and PennEast-cited studies
showing no price effects (see “Property Value: Claims that pipelines do not harm property value are
invalid,” above), the Boxall study examines prices of properties for which landowners must inform
prospective buyers when one or more EPZs intersect the property.
In addition to the emerging body of evidence that there is a negative relationship between natural gas
infrastructure and property value, there have been many analyses demonstrating the opposite analog.
Half of the buyers would offer 21% less, and the other half would offer 0% less; therefore the expected loss is
0.5(21%) + 0.5(0%) = 10.5%.
7
This is the expected value calculated as 0.622*(-100%)+0.189*(-21%)+0.189*(0%).
8
“Sour” gas contains high concentrations of hydrogen sulfide and poses an acute risk to human health.
6
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Namely, it is wellestablished that amenities such as scenic vistas, access to recreational resources,
proximity to protected areas, cleaner water, and others convey positive value to real property.9 There
are also studies demonstrating a negative impact on land value of various other types of nuisance that
impose noise, light, air, and water pollution, life safety risks, and lesser human health risks on nearby
residents (Bixuan Sun, 2013; Bolton & Sick, 1999; Boxall et al., 2005). The bottom line is that people
derive greater value from, and are willing to pay more for, properties that are closer to positive
amenities and farther from negative influences, including health and safety risks.
Using the results established by Kielisch (2015) and Boxall, Chan, McMillan (2005), and applied to
pipelines in Phillips, Wang and Bottorff (2016), we estimate that construction of the the PennEast
pipeline would result in a loss of $158.3 to $176.0 million in property value in the right-of-way and
evacuation zone.

Further property value impacts near the Kidder compressor station.
In addition to the direct effects on nearby residents’ health and quality-of-life noted above, compressor
stations have caused some homes to lose value and some homeowners to move away rather than endure
the noise, smells, and illnesses they have experienced. In one case from Minisink, New York, a family of
six moved to escape the effects of a 12,600 hp compressor station operated by Millennium Pipeline LLC.
After two years of headaches, eye irritation, and lethargy among the children and even lost vigor in their
fruit trees, the couple, unable to find a buyer for their home, moved away, leaving their $250,000
investment in the property on the table with their bank holding the balance of the mortgage (Cohen,
2015).
In Hancock, another New York town with a much smaller (15,000 hp) compressor station, three
homeowners have had their property assessments reduced, two by 25% and one by 50%, due to the
impact of truck traffic, noise, odors, and poor air quality associated with the compressor station
(“Proximity of Compressor Station Devalues Homes by as Much as 50%”, 2015). The larger of these
reductions was for a home very close to the station and reflected physical damage that led to an increase
in radon concentrations above safe levels. The two properties devalued by 25% were approximately one
half mile away (Ferguson, 2015).
As of this writing, there have not been statistical studies of the relationship between a property’s value
and its proximity to a compressor station. The mounting anecdotal information does suggest that there
is a negative relationship, however, and depending on the particular circumstances, the effect can be
large–up to the 100% loss sustained by the family in Minisink (less whatever the bank can recover at
auction). FERC must therefore count the potential loss of property value associated with the
compressor station proposed for location in Kidder Township.
For our estimates, we follow the example of the Hancock, New York case and assume that properties
within one half mile of the Kidder Township compressor station would lose 25% of their value if the
station is built. We believe this assumption provides a conservative estimate in part because the Kidder
compressor station would be more than three times the horsepower of the Hancock station. It is
therefore likely that its noise, odor events, and other physical effects would be experienced at a greater
distance and/or with greater intensity than in the New York case. The resulting loss of value would
affect Carbon County landowners over a wider area and, possibly, the percentage reduction would be
9

Phillips (2004) is one such study that includes an extensive review of the literature on the topic.
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greater at any given distance. Under these conservative assumptions, the Kidder compressor station
would reduce the value of 40 properties by a total of $1.4 million dollars.
Beyond health and safety concerns, compressor stations might also affect property values due to a
“stigma of industrialization” similar to that found for high-voltage lines, according to real estate expert
Kurt Kielisch of the Forensic Appraisal Group (Personal Communication 1/6/2016).

Conclusion
Based on our own and others’ research regarding the potential economic effects of natural gas
transmission pipelines, we find the following critical weaknesses in FERC’s Draft Environmental
Impact Statement regarding the proposed PennEast pipeline.
1. The DEIS reflects FERC’s policy on pipeline certification, which embodies confused and
economically incorrect guidance regarding the scope or extent of the area within which
economic costs the pipeline would be experienced. Namely, the policy looks only at impacts on
owners of pipeline rights of way and an undefined “surrounding community,” rather than the
full geographic area over which impacts could be felt. In addition, the policy ignores even the
surrounding community if a significant proportion of landowners have agreed to sell easements
to their property.
2. The range of alternatives is inadequate, resulting in the potential that the DEIS has missed
opportunities to meet the same energy services need at a lower environmental and economic
cost.
3. The DEIS, while noting that economic benefits would be slight, still relies on over-estimates of
those benefits.
4. The DEIS ignores important economic costs, including public health and the value of ecosystem
services lost due to land conversion in the pipeline construction corridor and right-of-way.
5. The DEIS accepts and repeats the conclusions of studies purporting to show that pipelines have
no affect on property value and ignores research showing that pipelines do harm property value.
Taken together, these flaws render the DEIS unsuitable as a guide to evaluating the economic effects of
the proposed PennEast pipeline. We look forward to submitting to the record our own evaluation of
economic costs that FERC has ignored in the DEIS. We strongly recommend that FERC undertake its
own rigorous examination of the full economic effects.
Sincerely,

Spencer Phillips, Ph.D.
Principal
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PROJECT OVERVIEW
The PennEast Pipeline Company, LLC proposes to construct 118.8 miles of 36‐inch diameter
pipeline from Luzerne County, in northeast Pennsylvania to Mercer County, New Jersey,
including three laterals as well as an associated compressor station, 121 access roads, work
spaces, meter stations, and other related facilities. On July 22, 2016, the Federal Energy
Regulation Commission (FERC) issued a Draft Environmental Impact Statement (DEIS) that
“determined that construction and operation of the Project would result in some adverse
environmental impacts, but impacts would be reduced to less‐than‐significant levels with the
implementation of PennEast’s proposed and FERC staff’s recommended mitigation measures.”1
FERC based their findings on “information provided by PennEast and further developed from
data requests; field investigations; scoping; literature research; alternatives analysis; and
contacts with federal, state, and local agencies”2.
PennEast filed an application with the Federal Energy Regulatory Commission (FERC) on
September 24, 2015 for a Certificate of Public Convenience and Necessity. PennEast
subsequently provided additional information to FERC in response to Environmental
Information Requests. PennEast also submitted information to Pennsylvania Department of
Environmental Protection (PaDEP) approvals in each county related to Title 25 Chapter 102
Erosion and Sediment Control General Permit (ESCGP2), 401 Water Quality Certification, and
Joint Clean Water Act Section 404/PaDEP Title 25 Chapter 105 Water Obstruction and
Encroachment Permits.
On behalf of the Delaware Riverkeeper Network, Meliora Design water resource engineers
Michele Adams, P.E. and Marc Henderson, P.E. reviewed the available documents, most
notably the Draft Environmental Impact Statement (DEIS) and supporting documents prepared
by PennEast, including the supporting Resource Reports prepared under Section 7(c) of the
Natural Gas Act, additional information provided at FERC’s request, and information and plans
associated with the ESCGP2 and applications to PaDEP.
Specifically, these documents were reviewed with regards to surface water quality issues. This
includes potential water quality impacts from:



1
2

Surface water crossings (streams, waterbodies, and wetlands)
Increased stormwater runoff and erosion as a result of permanent land use changes and
soil compaction.

https://www.ferc.gov/industries/gas/enviro/eis/2016/07‐22‐16‐eis.asp
https://www.ferc.gov/industries/gas/enviro/eis/2016/07‐22‐16‐eis.asp
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Both short‐ and long‐term water quality impacts are anticipated as a result of pipeline
construction and long‐term operation. We also visited a number of proposed pipeline
construction locations as discussed later in this memo.

GENERAL FINDINGS
With regards to surface water quality issues, FERC’s conclusion that the environmental impacts
from the pipeline can be reduced to “less than significant levels” cannot be supported.
Specifically, in regards to stream crossings:


The DEIS and supporting materials provided by PennEast fail to consider the unique,
site specific conditions at each individual proposed stream and wetland crossing, and
the corresponding potential adverse water quality impacts associated with stream
crossings, including open cut crossings. The DEIS fails to comprehensively evaluate
each stream crossing with regards to conditions such as water quality, erosive soils,
existing land use and forested areas, existing slopes, riparian buffers, and the potential
need for in‐stream blasting. Lacking consideration of the site specific conditions at each
crossing, the DEIS fails to require adequate location and construction recommendations
to protect water quality, as well as construction techniques specific to conditions at
each crossing. The proposed stream and wetland crossing locations, methods of
construction, and long‐term land use conditions appear to be based on the needs and
preferences of PennEast and not informed by site specific conditions.



Importantly, the supporting documentation provided by PennEast fails to provide
stream and wetland crossing information in a manner that allows FERC and other
reviewing agencies to evaluate the site specific conditions at each stream crossing,
including information discussed further in this memo. Important site specific
information is located in different Resource Report volumes and other documents, and
not easily correlated or evaluated. Much of the information discussed in this memo
was compiled from multiple volumes, documents, and updates and is not readily
reviewed by FERC or other reviewing agencies in a comprehensive manner. The project
selection of stream and wetland crossing locations and construction methods cannot be
clearly evaluated in the form in which it is presented in the DEIS and supporting
documents.

With regards to stormwater management:


The DEIS fails to consider or even acknowledge stormwater impacts from pipeline
construction, as no stormwater management is proposed or required by FERC for the
pipeline area. Due to land use changes and soil alteration, there will be permanent long‐
term water quality impacts related to stormwater runoff, including increases in the rate,
volume, and frequency of stormwater runoff. Fifty‐seven percent of the pipeline right‐
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of‐way area, or approximately 446 acres, is currently forested and will permanently be
altered from forest during pipeline operation. An additional 139 acres of forest will be
removed for construction. The current forested conditions generate little surface runoff
and facilitate groundwater recharge to support baseflow to streams and wetlands. The
proposed pipeline conditions will significantly reduce the land surface’s ability to retain
rainfall and facilitate infiltration, and will increase runoff frequency, volumes, and flow
rates, including increased surface erosion and sediment transport to Special Protection
or C1 water bodies.


Similar to stream crossing information, the DEIS fails to consider the site specific
conditions that will impact stormwater and erosion, including existing land cover, steep
slopes, soil erosion potential, revegetation potential, and proximity to waterbodies, as
well as pipeline maintenance practices. There is no correlation of site specific data and
information related to the factors that impact stormwater runoff and erosion in the DEIS
or supporting materials. The DEIS fails to evaluate the varying conditions that will
impact stormwater and erosion, and correspondingly fails to require site specific
construction techniques and stormwater management practices.

5
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GENERAL PROJECT DESCRIPTION
The main pipeline project includes 77.7 miles in Pennsylvania and 36.3 miles in New Jersey, not
including laterals. Additional project areas include access roads, work spaces, a compressor
station, and other related facilities. The total estimated Workspace for Construction is 1,613.6
acres (Table 2.2‐1 of the DEIS), including 784 acres for Permanent Easement and Operation.
These values and others are not always consistent with information presented in more detailed
tables throughout the DEIS and supporting documents.
The pipeline land disturbance includes a permanent 50‐foot wide right‐of‐way, with an
additional 50‐foot wide temporary construction space, for a 100‐foot wide construction
corridor. The project also proposes numerous “Additional Temporary Work Spaces” (ATWS)
beyond the 100‐foot wide corridor. In agricultural areas where topsoil will be segregated, an
additional 25 feet of corridor will be required for a total construction width of 125‐feet (which
seems contrary to any effort to minimize impacts to agricultural areas). In wetland areas, the
construction right‐of‐way will be 75 feet unless a variance is requested (which includes 18 of
the 173 wetlands to be crossed, and some of these are quite wide – over 200 feet – and often
related to construction areas for roadway borings).
Approximately 43.9 miles of pipeline will be co‐located with existing linear facilities, however,
this generally means that the new pipeline construction and permanent right‐of‐way is located
outside of and adjacent to the existing linear facilities right‐of‐way, resulting in an even larger
area of disturbance and land use alteration.

STREAM AND WETLAND CROSSINGS AND IMPACTS TO WATER QUALITY
The pipeline project will cross 251 FERC classified waterbodies in Pennsylvania (165) and New
Jersey (86). The DEIS does not provide a tally of the number of individual wetlands crossed by
the pipeline project, however DEIS Tables G‐11 and G‐12 list 211 wetlands, 106 in Pennsylvania
and 105 in New Jersey (when manually counted).
The DEIS indicates that the cumulative impacts of a variety of conditions were considered,
including the following conditions that impact surface water quality:









Geology
Soils
Groundwater
Surface Water
Wetlands
Vegetation
Fisheries and aquatic resources
Land use
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While the DEIS and the various Resource Reports and updates included in the PennEast
application include information and statistics related to each of these (and other conditions),
the DEIS utterly fails to examine these conditions as they relate to each other and potentially
impact project conditions at stream and wetland crossings. For example, it is impossible, from
the information presented in the DEIS and the PennEast application materials to directly
determine how many stream crossings of Exceptional Value streams in Pennsylvania will involve
open cuts in areas that are currently forested conditions, on public lands, on steep slopes or
erosive soils, or any combination of the above conditions that can impact water quality and that
should inform pipeline location and construction decisions. It is impossible to easily determine
if these crossings also include Additional Temporary Work Space (ATWS) areas within 50 feet of
the waterbody that further increase disturbance and the potential for water quality impacts, or
are located in geologic formations that may require blasting within the stream channel.
While the DEIS and PennEast application materials provide considerable data and tables in
multiple locations and formats, neither the DEIS nor the PennEast application materials include
any comprehensive compilation and evaluation of the data at stream and wetland crossings, or
any indication that site specific conditions and their impact on water quality (or other
environmental impacts) have informed decisions related to project location and project
construction methods.
In an attempt to better understand the potential water quality impacts of the PennEast
pipeline, this memo includes a table and information compiled from the data in the DEIS and
PennEast application materials, but compiled in a format that allows some understanding and
interpretation of the project’s water quality impacts at each stream crossing. We attempted to
compile site specific information in a format that would allow us to evaluate each stream
crossing for the potential water quality impacts due to site conditions. The DEIS is deficient in
that it fails to evaluate this information comprehensively. This comprehensive table is included
as Attachment A.
We compiled stream crossing data into a single spreadsheet that includes information on the
following site specific conditions at stream crossings, from the sources as noted:
1. Stream Crossings (from DEIS Tables G‐5 and G‐7 in Pa, G‐6, G‐8, and G‐9 in NJ, as well
as Updated Table 2A‐1 from Resource Report 2), including:
o State
o Facility Stream Crossing Milepost
o County
o Pa Code Chapter 93 Designated Use or Existing Use or NJDEP Water Quality
Class
o Wild Trout Waters (Pa)
o Approved Trout Waters (ATW, Pa)
o Crossing Method – Dry Crossing, Boring, or HDD
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To this table, we added the following information at each stream crossing using the data
sources referenced:
2. Soils that have Severe Erosion Potential (Updated Resource Report Table 7.1‐2)
3. Soils that have Poor Revegetation Potential (Updated Resource Report Table 7.1‐2)
4. Rugged Terrain crossings (with slopes greater than 30%), including site specific slope
(Updated Resource Report Table 8.2‐2)
5. Potential Blasting Areas at stream crossings (Updated Resource Report Table 1.5‐8)
6. Riparian Regulation Zones for C1 and EV waters
7. Forest areas (Resource Report Table 7.1‐2 and ESCGP2 documentation)
8. Areas subject to NJ No Net Loss Reforestation Act (updated Resource Report Table 3.3‐
6)
9. Proximity to roadways (ESCGP2 documentation)
10. ATWS areas within 50 feet of waterbody, including number of ATWS areas and reasons
(Tables G‐10 and G‐15 in DEIS)
11. Stream crossings on public lands or conservation areas (DEIS G‐14)
12. Stream crossings on Private Recreational Areas (DEIS G‐18) or within Private
Conservation Easements (DEIS G‐17)
We also included in the spreadsheet any stream crossings shown on the ESCGP2 Plans but not
listed in the DEIS or Resource Report Tables, with information as available within the
documents. Additionally, we compiled site specific information at each stream crossing from
both the Resource Reports and the ESCGP2 Plans. For example, a Resource Table might list a
minor stream crossing as having a very large width, where review of the ESCGP2 plans would
indicate that the pipeline project was located on top of or parallel to a small stream (and hence
the wide “crossing” width). We also noted if the stream crossing was in proximity to a road.
There are a number of conflicts and discrepancies between data in different sources, and we
did not try to resolve these discrepancies, that is the responsibility of PennEast and FERC. But
by summarizing and evaluating the stream crossing data comprehensively, a number of
observations can be made.




The vast majority of stream crossings 87%) will be dry crossings with the greatest
potential for adverse water quality impacts and long‐term alteration of the channel
substrate and riparian buffer.
By comparison, only 26% of the 189 road crossings will be dry crossings, and 74% will be
constructed by boring under the roadway or horizontal directional drilling. This implies
that for PennEast, avoiding disturbance of roadways is of higher priority than protecting
streams, even streams of the highest quality in Pennsylvania and New Jersey.
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Where stream crossings are proposed to be constructed by boring or high‐density
directional drilling below the water body, this is often related to a nearby road crossing
and does not reflect an effort to protect water quality. Of the seventeen HDD stream
crossing locations proposed, only four are not associated with a road crossing.
Similarly, most stream crossings that propose boring beneath the water body (28) are
associated with a nearby road crossing. Only seven water body boring crossings are not
associated with a road.
Many of the 186 dry crossings (101 or 54% of the dry crossings) involve the highest
quality waters in Pennsylvania3 (Special Protection, wild trout and New Jersey C1
waters). Only 23 involve boring.
Many of these dry crossings of streams are in areas of severely erodible soils (103 dry
crossings), rugged terrain with slopes greater than 30% (34 dry crossings), and other
(often multiple) site specific constraints that increase the likelihood and potential for
adverse water quality impacts. Thirty (30) dry stream crossings are located at sites with
both severely erodible soils and rugged terrain. This information must be gleaned from
multiple sources within the PennEast application and is not presented comprehensively
in either the PennEast application materials or the DEIS. The DEIS fails to consider
these site specific conditions in determining pipeline location and suitability of
construction methods to minimize impacts or protect water quality.
Approximately 55% of the dry stream crossings are in areas of Potential Blasting,
indicating that instream blasting is likely.
The single largest land use to be disturbed in Pennsylvania is forest (59% of the pipeline
length in Pennsylvania), including many publicly owned lands. Many of the proposed
stream and wetland crossings will alter the forest and riparian buffer conditions that
currently support high water quality, or will disturb and alter land that is currently in
conservation easement. It is not possible to determine the number of forested stream
crossings in New Jersey at this time.
The fact that forest is the single largest land use to be disturbed indicates both a lack of
recognition of the hydrologic and water quality benefits of forested landscapes, and a
preference on PennEast’s part to locate the pipeline in areas where topsoil separation
and soil restoration is not required by FERC.
The pipeline route proposes 98 forested dry stream crossings in Pennsylvania that are
crossing EV/HQ waters or wild trout or trout supporting waters. Again, this must be
gleaned from multiple sources and is not presented comprehensively in the PennEast
application.
Of these 98 forested dry stream crossings in Pennsylvania EV/HQ or wild trout waters,
47 are also in areas of severely erodible soils, 13 are in areas of Rugged Terrain, and 34
are in areas of potential in channel blasting for pipeline construction. 24 forested

Defines highest quality for purposes of this memo
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stream crossings in Pa have two of these additional constraints, and 5 have all three
(severely erosive soils, rugged terrain, and potential blasting).
In the Pennsylvania segment of the pipeline, there is inconsistency between the stream
crossing information in the Resource Reports, the stream crossings identified in the
DEIS, and the site specific information in the Erosion and Sediment Control Plan sheets
submitted under the requirements of Pennsylvania Title 25 Chapter 102 (ESCGP2
application). There are stream crossing locations mapped on the Pennsylvania Erosion
and Sediment Control plan sheets that are missing entirely from the DEIS or have
different information related to stream and wetland locations and conditions. There
are 24 stream crossings identified in the DEIS that are not indicated on the Pennsylvania
Erosion and Sediment Control Plans.
It is not possible at this time to estimate the number of New Jersey stream crossings
that are not included in the DEIS.
The DEIS identifies 40 Additional Temporary Work Space Areas located within 50 feet of
a waterbody, including 32 that will be located near high value waters and 24 that will be
located in areas that are currently forested.
44 dry stream crossings will impact Conservation Areas and Public Lands, and 14 dry
stream crossings will impact areas held in private conservation easement.

The detailed data regarding the various site specific conditions that could impact water quality
is compiled in Attachment A.
In Resource Report 1, it states that “PennEast will assess environmental conditions and
evaluate the need to reduce the nominal 100‐foot corridor in certain environmentally sensitive
areas such as wetlands” (page 1‐18, Section 1.3.1). However, as can be seen from information
in Attachment A, PennEast fails to consider this information and there is no indication that
construction methods are altered or site specific conditions are considered in the approval of
stream crossings in the DEIS. Regardless of site specific conditions, the DEIS accepts PennEast’s
general construction methods and requested areas of disturbance, including general language
regarding standard construction methods and future approvals to be obtained.
Other reviewing agencies are also constrained in their project analysis by PennEast’s lack of
comprehensive information on site specific conditions at stream crossings. Regulations
administered by the Pennsylvania Department of Environmental Protection (PaDEP) under 25
Pa Code Chapter 105 are intended to “Protect the natural resources, environmental rights and
values secured by PA.CONST. art. I, § 27 and conserve and protect the water quality, natural
regime, and carrying capacity of watercourses” (105.2(4)). However, PaDEP is constrained in
its ability to evaluate the water quality impacts of PennEast’s proposed pipeline location and
construction due the lack of comprehensive consideration of site specific conditions.
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The DEIS fails to comprehensively evaluate the following site specific conditions that can impact
water quality:
Crossing Methods
Different crossing methods, including conventional dry ditch, conventional bore, and Horizontal
Directional Drilling (HDD), are proposed depending upon the sensitivity and environmental
characteristics of the resource that would be affected at each individual crossing.
While the HDD method is a proven technology, there are certain impacts that could occur as a
result of the drilling such as the inadvertent release of drilling mud, which is a non‐hazardous
fluid comprised primarily of water, inert solids, and bentonite, a naturally occurring clay
mineral. Drilling fluids that are released typically contain a lower concentration of bentonite
when they surface because the bentonite is filtered out as it passes through sandy soils.
Severely Erodible Soils
Clearing activities could expose the soil to erosive elements such as precipitation and wind. The
pipeline route is predominantly characterized by hills and narrow valleys, with some areas of
medium to high relief. Therefore, it would be expected that the Project would affect some soils
with a relatively high erosion potential.
The Project’s effect on geology and soils would be highly localized and primarily limited to the
construction period. Cumulative impacts would only occur if other projects are constructed
during the PennEast Pipeline Project’s construction period in a shared location. Construction of
the Northeast Pocono Reliability Project adjacent to the PennEast Pipeline Project, an electric
transmission line, could impacts soils. Compaction due to construction activity could contribute
to cumulative erosion impacts on soils. Also, the US 209 Interchange Road and Freemansburg
Ave interchange project could also lead soil exposure, compaction, and erosion. Large
residential developments like Blue Ridge Real Estate Properties could have similar impacts.
Rugged Terrain
Steep slopes are also found along the length of the pipeline on the PennEast pipeline. The
pipeline both transverses steep slopes and is located along steep slopes (requiring significant
earth movement for construction). When combined with erodible soils, the ability for
construction crews to manage runoff and sediment discharge from the construction site
becomes more difficult. Several of these steep slope and erodible soil areas are directly
adjacent to wetland or stream crossings, increasing the potential for sediment and runoff
discharge to waterbodies.
Temporary erosion controls can help to slow down runoff and limit downstream sedimentation
during construction, however, these measures do not address the Post‐construction increases
in runoff rates, volumes, and frequencies of discharge. Post‐construction stormwater
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management measures are required to prevent impacts to water quality, especially in HQ‐CWF
tributaries.
Riparian Zones
PennEast identified approximately 163 areas along the proposed pipeline, totaling 5.9 miles in
length, of slopes greater than 30 percent within 200 feet of waterbody crossings, some of which
are located adjacent to waterbodies. The clearing and grading of streambanks would reduce
riparian vegetation and expose soil to erosional forces. The use of heavy equipment for
construction could cause compaction of near surface soils, an effect that could result in
increased runoff into surface waters in the immediate vicinity of the construction right‐of‐way.
Increased surface runoff could transport sediment from uplands into surface waters, resulting
in increased turbidity levels and increased sedimentation rates in the receiving waterbody.
Disturbances to stream channels and streambanks could also increase the likelihood of scour
after construction.
Refueling of vehicles and storage of fuel, oil, or other hazardous materials near surface waters
could create a potential for contamination. If a spill were to occur, immediate downstream
users of the water could experience degradation in water quality. Acute and chronic toxic
effects on aquatic organisms could also result from such a spill.
Land Use and Forested Areas
The vegetation/cover types that would be crossed by the proposed Project include agricultural,
forest/woodland, open land, residential, industrial/commercial, and open water. About 1,613.5
acres would be affected during the construction of the Project (consisting of about 633 acres of
forested areas and 981 acres of non‐forested areas). About 784 acres of this area would also be
permanently affected during operation of the Project (i.e., these areas would be encompassed
by the permanent right‐of‐way or permanent Project features); of this, about 452 acres of
permanent operational impacts would occur to forested areas and 332 acres to non‐forested
areas.
Impacts are expected to be “short‐term” in non‐forested areas that are allowed to restore to
preconstruction conditions, as it is expected that these non‐forested areas would be
successfully restored within 3 years following construction (with implementation of PennEast’s
E&SCP and FERC’s Plan and Procedures). However, all impacts on forested habitats would be
considered long‐term because of the time (i.e., more than 30 years) required to restore woody
vegetation to preconstruction conditions. About 452 acres of forest would be permanently
converted to an herbaceous state (i.e., not allowed to restore to preconstruction conditions)
and would be reseeded in accordance with PennEast’s E&SCP and FERC’s Plan and Procedures
within the maintained portion of the permanent right‐of‐way and compressor station.
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Impacts on forest habitat could include fragmentation and edge effects. Construction in forest
lands would remove mature trees from the construction right‐of‐way. The loss of forest habitat
and resulting edge effects could decrease the quality of habitat for forest dependent species,
including alteration of habitat resulting from increased light levels and a subsequent loss of soil
moisture as a result of the new forest edge.
Roadways
Roadway crossings involve potential roadway pavement impacts, potential traffic impacts and
potential buried utility impacts. These impacts carry greater significance than water quality
impacts to stream and wetland crossings, as
Blasting and Excavation in Streams and Wetlands
Blasting and excavation in streams and wetlands for pipeline construction has the potential for
short‐and long‐term impacts to water quality due to erosion and disturbance during
construction, permanent alterations and increased instability in the channel substrate, and
long‐term alterations and instability in the channel configuration and riparian buffer conditions.
The DEIS notes that “If blasting in waterbodies is required, there is a potential for permanent
alterations of stream channels”.
PennEast proposes to develop site‐specific blasting plans for each waterbody crossing where
blasting is determined to be necessary. Specifically, the DEIS states that “If blasting is required,
all blasting activity would be performed according to federal and state safety standards and in
accordance with PennEast’s comprehensive Blasting Plan to be implemented by a certified
blasting contractor”. This reflects the PennEast application that states (under Section 6.3.8.1
Blasting) that “PennEast will apply for and will receive a permit for the use of explosives for
each perennial waterway that is proposed to be impacted by the Project…PennEast will also
apply for and receive a State of New Jersey Explosives Permit Application Blasters Use Permit
for areas along the alignment in New Jersey where blasting will occur”.
However, information on sites that will potentially require blasting in streams and wetlands
should be developed as part of the DEIS application. The PennEast application should evaluate
the potential need for blasting and excavation at all proposed stream and wetland crossings,
and this information should inform decisions related to stream crossing locations and
construction methods, including decisions for dry crossing methods or boring or HDD.
Resource Report 6, Section 6.3.8.1 Blasting (page 38) describes the general methods to be used
for rock removal, ranging from ripping with a backhoe to blasting with explosives, depending on
conditions, but this is general discussion language. The DEIS fails to require sufficient
information to determine the potential extent of blasting at each stream or wetland crossing.
Unfortunately, the extent of potential blasting in waterways is not addressed in the DEIS. The
DEIS fails to consider site specific conditions to determine whether blasting in stream channels
may be required. Given the potential that blasting will be required in many stream crossings
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through the length of the pipeline, the PennEast application is deficient in providing adequate
information to FERC and other reviewing agencies.
Information on stream crossings where blasting may be required, with corresponding
information on other site specific constraints, in provided in Attachment A.
Insert statistics Number of PennEast Stream Crossings in Potential Areas Blasting

LAND COVER CHANGES AND INCREASED STORMWATER RUNOFF AND
EROSION
The DEIS and supporting application materials fail to address the permanent, long‐term
changes to land use cover and soil conditions, and the corresponding increase in stormwater
runoff and erosion. As a result of pipeline construction, there will be permanent long‐term
water quality impacts related to stormwater runoff, including increases in the rate, volume, and
frequency of stormwater runoff.
The DEIS indicates that about 1,613.5 acres of land will be disturbed as a result of the pipeline
itself, and that 784 acres will be permanently disturbed, although comprehensive detailed land
use statistic tables are not provided within the DEIS itself. In the PennEast Resource Report 8,
Land Use, Recreation and Aesthetics, information in Table 8.2‐2 “Land Use Affected by
Construction and Operation of Pipeline Facilities” indicates that:





1,081.7 acres will be impacted by pipeline construction
711.5 acres will be permanent right‐of‐way
572.5 acres are currently forest/woodland (52.9%)
408.3 acres of permanent right‐of‐way is currently forest/woodland (57.3%)

Presumably, this is pipeline construction only and does not include other related facilities
associated with pipeline construction (access roads, work spaces, etc.)
In the PennEast response to Environmental Information Request, Data Request 1, FERC notes
that there are discrepancies in the overall construction impacts, and in response in Table 1.3‐1
“Land Use Requirements for Pipeline Facilities” PennEast indicates that:



2,246.9 acres is the Total Workspace for Construction
777.5 acres will remain in permanent easement

It is not clear (from the PennEast response document to FERC or the DEIS) the final permanent
forest/woodland area that will be converted to non‐forested conditions, but based on the
information in PennEast Resource Report 8, approximately 408 acres, or 57% of the pipeline
right‐of‐way, is currently forested and will be permanently converted to non‐forested
conditions. The DEIS states that “The maintained right‐of‐way would be mowed no more than
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once every three years, but a 10‐foot‐wide strip centered over the pipeline might be mowed
annually to facilitate corrosion and other operational surveys. The planting of trees would be
prohibited within the permanent right‐of‐way.”4
Neither the DEIS nor the PennEast application materials discuss stormwater impacts on the
proposed pipeline right‐of‐way in a meaningful manner. Rather, it is assumed that the land use
conversion from forest to permanent right‐of‐way (with sparse vegetation, compacted soils,
and little organic material) will have nominal impacts on stormwater runoff and erosion, and
that these impacts will be addressed by measures such as permanent waterbars to direct runoff
off of the pipeline right‐of‐way.
The DEIS states that:
“Direct discharges of stormwater to surface waters would be minimized by thorough
establishment of vegetative cover and implementation of PennEast’s E&SCP”. 5 The DEIS goes
on to conclude that “No long‐term effects on aquatic resources are anticipated as a result of
construction and operation of the Project. PennEast would also implement its E&SCP to further
reduce the potential for impacts related to …sedimentation and stormwater runoff”. 6 Much of
this language in the DEIS is taken directly verbatim from PennEast application narrative.
However, the PennEast application Appendix E, Draft Erosion and Sedimentation Control Plan
states that7:
“A combination of cost‐effective and environmentally sound BMPs were considered for
installation in a “treatment train” that collectively eliminate the net change in
stormwater volume, rate, and quality from pre‐development to post‐development
conditions. The primary metric prohibiting the proposed project from achieving non‐
discharge alternatives is the additional runoff volume generated by earth disturbance
activities necessary for the proposed project. Permanent removal of runoff volume from
the design hydrograph during earth disturbance phases was excluded from the available
design alternative due to the elevated sediment loadings expected during this stage of
construction”.
This statement recognizes that there will be an increase in runoff as a result of pipeline
construction activities. However, the assumption is made within the DEIS that, after pipeline
construction, alterations to stormwater conditions are acceptable and sufficiently addressed by
limited site restoration. The application documents do not provide construction guidance to

4

DEIS Volume 1, Page ES‐9
DEIS Volume 1, Page 155
6
DEIS Volume 1, Page 162
7
PennEast Appendix E page 20
5
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support this assumption, as soil compaction and permanent land use cover changes will result
from the pipeline construction. The soil compaction and land use cover will alter the surface
hydrological response, increasing runoff and decreasing infiltration. There will be a
corresponding decrease in infiltration to support stream and wetland baseflow that the DEIS
fails to address.
The hydrologic response of the current forested conditions on the PennEast pipeline right‐of‐
way is very different from the hydrologic response of the pipeline right‐of‐way after
construction. This is a result of both soil compaction and altered surface land use conditions
(from current forested conditions to sparse perennial and annual grass and weed vegetation).
Natural land uses such as interior forests and wetlands rely on vegetative cover to prevent the
movement of soils (and discharge of sediment) during rain events by intercepting rainfall,
stabilizing soils with their roots, and protecting surface soils with leaf litter and detritus.
Vegetation establishment requires soils that are uncompacted enough to allow for germination
and root penetration, infiltration of rainfall, and the movement of nutrients from the surface
down into the root zone.
The construction practices for pipeline installation include the use of heavy equipment with no
topsoil segregation and no soil restoration unless parcels are residential or agricultural. This
results in a soil profile that is highly compacted, lacking organic material, lacking macropores,
and extremely reduced in its ability to retain and slow rainfall. As a result, there will be an
increase in stormwater runoff, erosion, and pollutants, and a decrease in recharge to baseflow.
Previous field investigations performed by Meliora Design in temporary right‐of‐way (ROW)
locations along the Tennessee Gas Pipeline’s 300 Line Upgrade Project in Milford, Pennsylvania,
demonstrated increased bulk density measurements when the ROW locations were compared
to undisturbed natural areas adjacent to the pipeline ROW. Bulk density is a measure of the
compaction of the soils. Severe compaction was noted within the construction ROW. Based on
literature values, measured bulk densities were high enough to inhibit plant growth and
infiltration.
The DEIS fails to address the fact that the proposed pipeline construction practices and long‐
term maintenance of the right‐of‐way in a non‐forested condition will alter the land surface
conditions and result in greater stormwater impacts. Fifty‐seven percent of the pipeline route
will be permanently altered from a forest canopy with varied micro‐topography, absorbent soils
and understory materials, to a wide, sparsely vegetated pipeline right‐of‐way with highly
compacted soils and little organic matter. The current forested conditions generate little
surface runoff and facilitate groundwater recharge to support baseflow to streams and
wetlands. Forest and woodland are the highest performing land use types from a hydrologic
water quality perspective, as reflected in standard engineering methodologies used to estimate
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runoff. The proposed pipeline conditions will significantly reduce the land surface’s ability to
retain rainfall and facilitate infiltration (as also reflected in standard engineering
methodologies). As a result, there will be both short‐ and long‐term increases in stormwater
runoff with associated pollutants. There will be a decrease in infiltration.

Figure 1: Existing right‐of‐way areas parallel to the proposed PennEast pipeline show indications
of long‐term erosion and lack of vegetation.
Most importantly, the fact that forest is the single largest land use to be disturbed indicates
both a lack of recognition of the hydrologic and water quality benefits of forested landscapes,
and a preference on PennEast’s part to locate the pipeline in areas where topsoil separation
and soil restoration is not required by FERC.
The Federal Energy Regulatory Commission (FERC) Guidance Manual for Environmental Report
Preparation (August 2002), as well as the FERC Upland Erosion Control, Revegetation, and
Maintenance Plan (May 2013) both include guidance and information for soil restoration on gas
pipeline projects, and compaction mitigation requirements. However, these practices are only
required for agricultural and residential areas disturbed by construction activities. These
requirements include:
 segregating topsoil from other excavation materials,
 testing topsoil and subsoil for compaction at regular intervals,
 plowing severely compacted agricultural areas, including plowing the subsoil before
replacing segregated topsoil, and
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performing appropriate soil compaction mitigation in severely compacted residential
areas.

The fact that FERC guidance requires soil decompaction, restoration, and testing in agricultural
areas confirms that pipeline construction methods adversely impact soil conditions, including
the soil’s ability to support vegetation. These impacts also affect forested areas, although
there are no FERC requirements for soil restoration in forested areas.
FERC relies on the best management practices of other regulatory agencies to provide
additional guidelines to help prevent irreversible damage to surface soils during construction,
and the corresponding increase in runoff and pollutants. Specifically, regulations administered
by PaDEP under 25 Pa Code Chapter 102 “require persons proposing or conducting earth
disturbance activities to develop, implement, and maintain BMPs to minimize the potential for
accelerated erosion and sedimentation and to manage post‐construction stormwater”.
However, PennEast does not provide additional guidelines or require soil restoration beyond
FERC requirements, and assumes that reclamation regrading is sufficient for the forested
portions of the pipeline. Both PennEast and FERC assumes that there is no difference between
the hydrologic response of a forested woodland and the compacted, post‐construction pipeline
right‐of‐way.
Compaction in construction work spaces will not be restored by simply regrading to pre‐existing
contours, retilling at the surface, and reseeding the area as currently outlined in the permit
application materials. Heavy equipment used in the construction of the pipeline will inherently
compact work areas to depths deeper than conventional surface tilling can reach. Compaction
creates conditions that inhibit the germination of plants and plant root growth. Existing topsoil
will not be segregated and restored, but will be lost in the construction process. The
establishment of vegetative cover within the pipeline ROW will be more difficult once surface
soils are compacted, and forested woodland will not be restored.
When vegetation regrowth is limited, the likelihood of accelerated erosion is increased. When
runoff cannot infiltrate, is not slowed at the surface by vegetation, and has direct contact with
exposed soils, sediments are much more likely to be transported to downhill streams and
wetlands. This is of specific concern on significant portions of the pipeline right‐of‐way in
proximity to stream crossings, where soils to be disturbed by pipeline construction are classified
as Severe Erosion Potential, Poor Vegetation, and Rugged Terrain with slopes greater than 30%.
These areas are especially prone to erosion and sediment transport to waterbodies.
More specific information must be provided to identify areas of cumulative impact due to steep
slopes, erodible soils, extent of proposed disturbance, and proximity to water resources such as
wetlands or high value streams. Based on this information, site specific stormwater
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management practices must be implemented to address the increase in post‐construction
stormwater runoff and its associated adverse water quality impacts. The DEIS fails to address
stormwater and erosion impacts along the pipeline and anticipated impacts to water quality.
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SITE SPECIFIC AREAS OF CONCERN
MP 40.0 TO 40.5 CARBON COUNTY
This is a forested stream valley where the pipeline and workspace will run through and along
(parallel to and on top of) two small streams nestled in the valley between very steep wooded
hillsides, as shown on the Erosion and Sediment Control Plan Alignment Sheet 81. This is a
good example of a stream crossing area with multiple site constraints where a dry stream
crossing and wide disturbance area will adversely impact water quality during and after
construction. However, this information and the magnitude of the existing site constraints is
not clearly communicated in the PennEast application documents, or addressed by FERC in the
DEIS. The DEIS fails to comprehensively consider the site specific environmental constraints in
allowing a dry cut and wide area of disturbance through this stream valley (and on top of the
existing stream). This is not merely a matter of crossing a stream, the stream channel itself (for
a distance of approximately 188 feet according to Table 2A‐1) will need to be recreated after
pipeline construction.
The extent of site constraints and stream and wetland impact can be seen on the Erosion and
Sediment Control Alignment Sheet. The pipeline and its workspace are located on and
immediately parallel to the small streams in this steeply sloped forested valley for over 1,200
feet. There is an existing pipeline through this valley, however, the PennEast Pipeline and right‐
of‐way are adjacent to the existing pipeline, with the new pipeline centerline shown as 50 feet
from the existing pipeline centerline. The proposed waterbars on the western portion of the
pipeline right‐of‐way show a disturbance area of over 200 feet in width, conveying flows and
discharging onto very steep slopes (greater than 30%) that discharge into the stream and
wetlands. The waterbars themselves are steep for flow conveyance (4‐5%).

Figure 2: Erosion and Sediment Control Plan Alignment Sheet 81 MP 40.0 to MP 40.5
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Resource Report 2, Table 2A‐1 “Waterbodies Crossed by the Project in Pennsylvania” and
updated Table 2A‐1 in the PennEast application Response to (FERC) Data Request 19, only
indicate a dry crossing of a minor EV wild trout stream between MP 39.9 and 40.1, although the
crossing width of 188 feet for a “minor” stream is some indication of the pipeline impact along
the length of this small stream. The original September 2015 Table 2A‐1 in Resource Report 2
indicated an upstream drainage area of 531 acres, however, that information is missing from
the updated Table 2A‐1. The following important information is not conveyed in Table 2A:












The pipeline and workspace are on top of or immediately adjacent to the parallel small
streams for over 1,200 feet.
The slopes in portions of the project area are classified as “Rugged Terrain” with slopes
of 47% according to the updated Table 1.5‐6 Rugged Topography in the PennEast
Response to FERC Data Request 14.
The soils are indicated as “very stony loam” and moderately erosive in Resource Report
7, Table 7.1‐2 “Soil Units Crossed by the Pipeline and Important Soil Attributes.”
The soils are indicated to have “Poor” revegetation potential.
The area includes underlying geology with potential shallow bedrock and may require
blasting according to Table 1.5‐8 “Areas Where Blasting May be Required” in PennEast
response to FERC Data Request 61.
There are three wetlands in immediate proximity to the pipeline, two of which will be in
the construction right‐of‐way.
The pipeline construction will impact hydric soils.
The existing conditions are forested.
A 150‐foot riparian buffer is required along EV streams in Pennsylvania, and will be
removed for a distance of over 1,200 feet.

The DEIS fails to consider the multiple site specific constraints within this stream valley, and
fails to consider the likelihood that these constraints will contribute to permanent reductions in
in‐stream water quality. The DEIS fails to consider options such as crossing this area via a
boring or HDD, and reducing the workspace and pipeline right‐of‐way to coincide with the
existing pipeline.
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MP 33.0 TO 33.5 HICKORY RUN STATE PARK CARBON COUNTY
This is a forested stream valley in Hickory Run State Park where the pipeline and workspace will
cross High Quality Mud Run (with a stream width of over 60 feet and a drainage area of almost
17,000 acres), as shown on the Erosion and Sediment Control Plan Alignment Sheet 67. We
visited this area on July 18, 2016.
This is another example of a stream crossing area with multiple site constraints where a dry
stream crossing and wide disturbance area will adversely impact water quality during and after
construction, as can be seen on the Erosion and Sediment Control Alignment Sheet 67. From
the north, the pipeline traverses down steep (40%) rocky slopes before crossing Mud Run and a
small stream to climb the steeply sloped hillside. There is an existing pipeline through this
valley, however again, the PennEast Pipeline and right‐of‐way are adjacent to the existing
pipeline, with the new pipeline centerline shown as 50 feet from the existing pipeline
centerline, creating an even wider swath of disturbance through this forested State Park. The
existing waterbars from the existing pipeline show signs of erosion and sediment transport.
There is easy public access to this are from State Route 903, and it appears that both
pedestrians and vehicles traverse to the existing right‐of‐way and waterbars.

Figure 3: Erosion and Sediment Control Plan Alignment Sheet 67 MP 33.0 to MP 33.5

22

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Figure 4: The
pipeline will
traverse the steep,
shallow rock slopes
to the north of
Muddy Run. Rather
than work within
the existing right‐
of‐way, the
PennEast Pipeline
will widen the area
of disturbance by
an additional 100
feet, removing
existing forest on
both sides of
Muddy Run.
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Figure 5: The existing waterbars and existing pipeline right‐of‐way show signs of erosion and
sediment transport. The PennEast pipeline will lengthen these waterbars, increasing the flow
path length and exposed soils. There is no documentation in the EIS to support assumptions that
the lengthened waterbars will adequately manage stormwater and prevent erosive discharges
to Mud Run.

Figure 6: The proposed pipeline will remove existing established forest on both sides of Muddy
Run, widening the existing right‐of‐way. The ATWS area on either side of Muddy Run will result
in a clearing over 150 feet wide.
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Figure 7: the stone substrate in Mud Run may require blasting for construction.
Resource Report 2, Table 2A‐1 “Waterbodies Crossed by the Project in Pennsylvania” and
updated Table 2A‐1 in the PennEast application Response to (FERC) Data Request 19, only
indicate a dry crossing of a minor EV wild trout stream between MP 32.9 and 33.1, with a
crossing width of 48 feet. The original September 2015 Table 2A‐1 in Resource Report 2
indicated an upstream drainage area of 16,960 acres, however, that information is missing from
the updated Table 2A‐1. The following important information is not conveyed in Table 2A:








The pipeline and workspace are adjacent to the existing pipeline and will create a wider
swath of disturbance through Hickory Run State Park.
The slopes in portions of the project area are classified as “Rugged Terrain” with slopes
of 40% according to the updated Table 1.5‐6 Rugged Topography in the PennEast
Response to FERC Data Request 14.
The soils are indicated as “Meckesville very stony loam” and severely erosive.in
Resource Report 7, Table 7.1‐2 “Soil Units Crossed by the Pipeline and Important Soil
Attributes.”
The soils are indicated to have “Poor” revegetation potential. This can be seen along the
existing pipeline.
The area includes underlying geology with potential shallow bedrock and may require
blasting according to Table 1.5‐8 “Areas Where Blasting May be Required” in PennEast
response to FERC Data Request 61. Observed stream conditions indicate a rock
substrate.
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There is a forested wetland in immediate proximity to the pipeline, a portion of which
will be cleared.
The pipeline construction will impact hydric soils.
The existing conditions are forested.
The existing forested riparian buffer along Mud Run will be removed for a distance of
approximately 200 feet on each side.

The DEIS fails to consider the multiple site specific constraints within this stream valley, and
fails to consider the likelihood that these constraints will contribute to permanent reductions in
in‐stream water quality. The DEIS fails to consider options such as crossing this area via a
boring or HDD, and reducing the workspace and pipeline right‐of‐way to coincide with the
existing pipeline.

MP 34.5 TO 35. MOUNTAIN VIEW ESTATES CARBON COUNTY
This is a heavily forested stream and wetland area in Mountain View Estates where the pipeline
and workspace will include three stream crossings and run parallel to the stream, as shown on
the Erosion and Sediment Control Plan Alignment Sheet 70. With property owner permission,
we visited this area on August 4, 2016. Despite a dry summer with low rainfall, conditions were
wet when we visited the site.
In this area, an access road will cross and be constructed on top of a small stream. The access
road will be perpendicular to the pipeline, which runs adjacent to the stream for approximately
200 feet. The pipeline then crosses two additional streams and a wetland. Only two streams
are listed in Resource Report 2, Table 2A‐1 “Waterbodies Crossed by the Project in
Pennsylvania” and updated Table 2A‐1 in the PennEast application Response to (FERC) Data
Request 19. The steams are listed as EV Wild Trout Waters. All crossings are proposed as dry
crossings.

Figure 8: Erosion and Sediment Control Plan Alignment Sheet 70 MP 34.5 to MP 35.0
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Figure 9: Stream
designated as “dry
stream,” in
Mountain View
Estates. Stream is
wet after dry
weather.

The following important site specific information is not conveyed in Table 2A or addressed in
the DEIS:






The pipeline and workspace are adjacent to existing pipelines but will create a wider
swath of disturbance as the PennEast pipeline is adjacent to and outside the right‐of‐
way of the existing pipelines.
The soils are indicated as “Papakating silty clay loam”.in Resource Report 7, Table 7.1‐2
“Soil Units Crossed by the Pipeline and Important Soil Attributes.” This soil is moderately
erosive.
The soils are indicated to have “Poor” revegetation potential. This can be seen along the
existing pipeline.
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There is a forested wetland in immediate proximity to the pipeline, a portion of which
will be cleared.
The pipeline construction will impact hydric soils.
The existing conditions are forested.
The existing forested riparian buffer will be removed for significant distances
(approximately 200 feet) as the pipeline is parallel to the stream.

Again, the DEIS fails to consider the multiple site specific constraints within wooded wetland
stream area, and fails to consider the likelihood that these constraints will contribute to
permanent reductions in in‐stream water quality. The DEIS fails to consider options such as
crossing this area via a boring or HDD, and reducing the workspace and pipeline right‐of‐way to
coincide with the existing pipeline.
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State

Mile Post

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

From Table 2A‐1 Data
Request
Appx 2A
0.6
1.4
2.1
2.8 (2.6)
3.1
3.1
3.5
4.3
4.6
5.0
5.1
6.0

x

20160912-5816

x

x

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

(App 2A )
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF

Wild Trout
ATW (PA)
(PA)

(App 2A )
3
3

3
3
3
3
3

CWF, MF
CWF, MF
WWF, MF

Bore
Dry
Open Cut
Bore
Dry

12.1
12.8
13.0
13.1
13.1
13.2
13.3
AR13.3‐13.4
AR13.3‐13.4
AR13.3‐13.4
AR13.3‐13.4
13.6

CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF

3
3
3
3
3
3
3
3
3
3

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

13.6
13.7
13.8
13.9
13.9
14.1
14.7
15.0
16.2
16.2
16.4
AR16.6
AR16.6
AR16.6

CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF

3
3
3
3
3
3

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

AR16.6
AR16.6
16.9
17.7
18.3
18.3
19.0
19.1
19.6
20.0
20.1
20.2
21.2
AR21.8

HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF

3
3
3

HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF

3
1,3
3
3

33.1
33.3
33.5
34.6
34.7
36.1
37.5
38.3
39.5
39.6
40.0
41.6 (41.0)
41.1
41.2
41.3

PA
PA
PA
PA
PA

41.6
43.5
43.9
44.0
44.2
44.3
44.8
45.0
45.1
45.6
48.1
AR48.8‐48.9
AR48.8‐48.9
49.2

PA
PA
PA
PA
PA
PA
PA
PA

pond

22.6
22.8
23.0
23.1
PDFAR25
(Unofficial)
26.5
27.3
30.3
30.9
31.0
31.0
AR32.7
32.7
32.8
33.0
33.1

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

PA
PA
PA
PA
PA

52.4
52.9
53.0
53.3
53.4
53.4
53.5
54.3
55.7
55.9
55.9
56.0
56.7
58.1
58.5
59.0
59.2

PA
PA
PA
PA
PA
PA

59.2
59.3
60.3
60.6
60.6
60.7

(App 2A ) (App 2A )
Bore
Dry
Dry
Dry
Dry
Dry
Dry
NA
Dry
Dry
Bore

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

PA
PA
PA
PA
FERC
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

Method

CWF, MF

PA
PA
PA
PA

PA

x

Cat 1 (NJ)

6.0
6.2
7.2
8.1
9.2
9.4
9.5
9.9
10.4
10.4
AR10.4
10.6?
11.5
11.6
11.7
12.0

PA
PA
PA
PA
PA
PA
PA
PA
x

EV or HQ (PA)

Riparian Width ft (NJ)

(App 2A )

Severely Erodible Soils

Poor Revegetation
Potential

Rugged Terrain (Slope 30% or greater)

Blasting Potential

Updated Table 7.1‐2

Updated Table 7.1‐2

Updated Table 8.2‐2

Table 1.5‐8

RR7
x 37

x

soils tbl rr7
x
x
x
x
x

x
x
x
x
x
x

x
x
x

x
x
x
x

x

x
x
x
x
x
x
x
x
x
x

Bore

CWF, MF
CWF, MF
CWF, MF

open cut
open cut
open cut

CWF, MF
CWF, MF
CWF, MF
CWF, MF

Dry
Dry
Bore
Dry
Dry
Dry
Bore
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry

x
x
x

Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry

x

HQ‐CWF
HQ‐CWF

3
3

Dry
Dry

HQ‐CWF

3

Dry

HQ‐CWF

3

Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry

3
3
3
3
3
3
3

HQ‐CWF

3

Dry

HQ‐CWF

3

Dry

HQ‐CWF
HQ‐CWF
HQ‐CWF
EV, MF
EV, MF
EV, MF
EV, MF
EV, MF
CWF, MF (EV)

3
3
3
3
3
3
1,3
1,3
1,3

Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry

CWF, MF (EV)
EV, MF (Des CWF?)
EV, MF (Des CWF?)
EV, MF (Des CWF?)
EV, MF (Des CWF?)

1,3
3
3
3
3

Dry
Dry
Dry
Dry
Dry

EV, MF (Des CWF?)

CWF, MF

3
1,3
1,3
1,3
1,3

Dry
HDD
Dry
HDD
Dry

HQ‐CWF,MF (use CWF?)

1,3

Bore

CWF, MF

CWF, MF (HQ‐CWF)
CWF, MF (HQ‐CWF)
CWF, MF
HQ‐CWF,MF
HQ‐CWF,MF
HQ‐CWF,MF

1,3
1,3
3
3
3
3

CWF, MF

3

x
x
x
x

Dry
Dry
Bore
Dry
Dry
Dry

CWF, MF
CWF, MF
CWF, MF
CWF, MF
CWF, MF

3
3
3
3
3

x
x

Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry

CWF, MF

3

x TSF

Dry

CWF, MF

3

x 33
x 30

x
x

x 30

x

x
x
x
x
x
x
x
x
x
x
x
x
x

x 39

x
x

x
x
x
x
x
x
x
x
x
x
x
x

x 41

x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x

x 33

x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x TSF

x

x
x
x
x

x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x

x

x
x
x
x

x 41

x
x 50

x 50
x 50
x 50
x 50
x 50
x 33

x
x
x
x
x
x

x 33

x
x
x
x
x
x

x
x

x 30

x
x

x 45
x 30

x
x

x 51

x

x
x
x
x

Dry
Dry
Dry
Dry

x

x

HQ‐CWF,MF

1,3

Dry

x

x
x
x

x
x
x
x

Dry
Bore
Bore
Dry

x
x
x

x 65
x 30

x
x

x 30

x

x
x 47
x 38

x
x

x
x
x
x
x
x

NJ Reforestation Area
Table 3.3‐6

(Y/N)
Y
Y
Y
Y
Y (Res)
N (Res)
Y
N
Y
Y
Y
N
N
Y
N
N
N
N
N
N
N
N
N
Y
Y
Y
Y
Y

ATWS (addl temp work space)
Appendix 2B
App 2B
2
1
1
1
1

2
1
2
1
1

x

Lower Demunds Rd

x

Green Rd

Tbl 8.4‐1
Private
Private
State owned land/Frances Slocum
Private
Private
Private
Private
Private
Private
Private
Private
County owned land

Tbl 8.4‐1
Private
Private
General State Authority
Private
Private
Private
Private
Private
Private
Private
Private
Luzern County Redevelopment Authority

x
x
x
x
x
x
x

County owned land
Private
Private
County owned land
Private
Private
Private
Private
Private
Private
Private

Luzern County Redevelopment Authority
Private
Private
Luzern County Redevelopment Authority
Private
Private
Private
Private
Private
Private
Private

x

Private
Private
Private
Private

Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private
State owned land/State Game land area No. 91
State owned land/State Game land area No. 91
State owned land/State Game land area No. 91
State owned land/State Game land area No. 91
State owned land/State Game land area No. 91
State owned land/State Game land area No. 91

Private
Private
Private
Private
Private
Private
Private
Private
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth

State owned land/State Game land area No. 91
State owned land/State Game land area No. 91
State owned land/State Game land area No. 91
State owned land/State Game land area No. 91
State owned land/State Game land area No. 91
State owned land/State Game land area No. 91
Private
Private
Private
Private
Private
Private
Private
State owned land

Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Private
Private
Private
Private
Private
Private
Private
Pennsylvania Commonwealth

State owned land
State owned land
State owned land
Federally owned land/Francis E. Walter Dam
State owned land/ State Game land area No. 40
Private
Private
State owned land/State Game land No. 129 (Hickory Run State Park)
Private
Private
Private
State owned land/ Hickory Run State Park
State owned land/ Hickory Run State Park
State owned land/ Hickory Run State Park
State owned land/ Hickory Run State Park
State owned land/ Hickory Run State Park

Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
US Government
Pennsylvania Commonwealth
Private
Private
Pennsylvania Commonwealth
Private
Private
Private
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth

State owned land/ Hickory Run State Park
State owned land/ Hickory Run State Park
State owned land/ Hickory Run State Park
State owned land/ Hickory Run State Park
State owned land/ Hickory Run State Park
Private
Municipal owned land
Municipal owned land
Municipal owned land
Municipal owned land
Private
Private
Private
Private
Private

Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Pennsylvania Commonwealth
Private
Bethlehem Authority
Bethlehem Authority
Bethlehem Authority
Bethlehem Authority
Private
Private
Private
Private
Private

Private
Federally owned land/Beltzville State Park
Federally owned land/Beltzville State Park
Federally owned land/Beltzville State Park
Municipal owned land

Private
USA
USA
US Army Corps of Engineers
Bethlehem Authority

Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private

State owned land/State Game land area No. 168
State owned land/State Game land area No. 168
Private
State owned land/State Game land area No. 168
Private
Private
State owned land/State Game land area No. 168
Private

Pennsylvania Commonwealth
Pennsylvania Commonwealth
Private
Pennsylvania Commonwealth
Private
Private
Pennsylvania Commonwealth
Private

Private

Private

Private
Private
Private
Private
Private

Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private

Bunker Hill Rd

x

Swetland Ln

x

Unnamed Road

x

N Main St

x

1
3

Main St

x
x
x

x

1
1

Y
Y
Y
Y
Y
Y
Y
N
N
Y
N

Land Ownership/ Management

3

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Public Land
(Type of Area)

Crossing not mapped

State Rte 2039

x
x
x

x
State Rte 2039

x

I‐ 476

?

1

1
2

1

1

?
?
xx

Bear Creek Blvd / State Rte 115 and Shades Glen Rd
x

x
x
x

x

?

x
x

x

x

Unnamed Road

x
x
?

x

x

State Rte 903

x

x
2
x

2 crossings (ROW not pipeline)
2 crossings (ROW not pipeline)

x

x

x

x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Y
?
N
N
N
N

Notes

Tbl 8.4‐2

varies
Lower Demunds Rd
Green Rd
wetland
wetland
ag
steep slopes
within 50' of stream

Susquehanna River
ditch
pond
stream
Gardner Creek
stream
hwy 81
hwy 81 very wide crossing width 132'
hwy 81

rt 2020
steep slopes
gravel rd ; ditch
gravel road; ditch
Rt 2039
subsoil segregation
boring I476
boring I476

steep slopes
steep slopes
steep slopes; 2 addl ATWS for wetlands
steep slopes
steep slopes
near wetland
Conservation
steep slopes
wetland and steep slopes
near wetland
steep slopes
steep slopes
steep slopes
steep slopes
steep slopes
wetland and Pa 2038

ditch

very wide crossing width 174'
steep slopes and stream

Lehigh River and steep slopes both sides
Lehigh River
Lehigh River steep slopes both sides

wetland, and steep slopes (stream xing)
wetland, stream and steep slopes

wide crossing 105'

Conservation
Conservation
Conservation

foreign line xing
steep slopes
wide crossing 114'
stream steep slopes
wide crossing 111'

Beltzville lake
Beltzville lake crossing width 160'
crossing width 929'; Beltsville staging area

missing from table 122215_DB_1001_P_MI
x

Unnamed Road

x
Spruce Hollow Rd
Unnamed Road
Little Gap Rd

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
N
N
N
Y
N
Y

Private Cons Easement
(Easment Type)

Table 1.5‐7

x

1
1
2
1

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Roadway Crossings

1

Y
Y
Y
Y
Y
N
N
N
N
N
N
Y

Y
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Near Road

x
x

x

x

x
x
x

x
x
x
x
x
x
x
x

3
1,3
1,3

1,3
1,3
1,3
1,3

x 64
x 64
x 64

x
x

HQ‐CWF
HQ‐CWF,MF
HQ‐CWF,MF

HQ‐CWF,MF
HQ‐CWF,MF
HQ‐CWF,MF
HQ‐CWF,MF

x

Dry

9/12/2016
2:24:03
HQ‐CWF
3 PM
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF
HQ‐CWF

x

x

CWF, MF

Dry
Dry
NA
NA
Dry
Dry
NA
NA
Dry
Dry
Dry

x

Forest or
Wooded?

x
x

State rt 2011
crossing width 115'

ditch
ditch

crossing width 125'

not in stream crossing table, 102815_WA‐1001_E_MI
3

Stream, steep slopes (2), Mtn View Drive

not in stream crossing table, 051215_JC_1001_D_MI (same as MM52.9 in table)
not in stream crossing table, 051215_JC_1003_D_MI (same as MM53.0 in table)
x

x
Whitetail Deer Dr / Sr4006
Hatch Gravel Rd

2
2
2

this is the 2nd 59.2
Unnamed Road and State Rte 987 / Monocacy Dr
Moorestown Dr / Hwy 512
Moorestown Dr / Hwy 512

Storage ag field

wide crossing 59.2'
stream and steep slopes
Monocacy Creek; State rt 987
stream and Pa rt 512
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Mile Post

PA
PA
PA
PA
PA
PA
PA
PA
PA

From Table 2A‐1 Data
Request
61.4
61.5
62.2
62.3
AR62.7
62.8
63.5
63.6
63.7

x

x

x

x NJ

x

x

20160912-5816

x

x

x

x

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

66.8
66.9
70.4
70.9
71.1
AR71.4‐71.5
72.1
72.2
72.3
72.5
72.6
72.7
72.7
72.7
72.8
72.9

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

73.5
73.6
74.4
74.6
74.8
74.9
AR‐078
75.7
75.7
75.7
76.2
AR76.4‐76.5
AR76.4‐76.5
77.6
77.6

PA
PA

EV or HQ (PA)

Cat 1 (NJ)

HQ‐CWF,MF

HQ‐CWF,MF
HQ‐CWF,MF
HQ‐CWF,MF

Wild Trout
ATW (PA)
(PA)

3

3
3
3

Method

Riparian Width ft (NJ)

Dry

Rugged Terrain (Slope 30% or greater)

Blasting Potential

Updated Table 7.1‐2

Updated Table 7.1‐2

Updated Table 8.2‐2

Table 1.5‐8

x

x
x
x
x
x

x

x
x

x
x

HQ‐CWF,MF

3

Bore

x
HQ‐CWF,MF
CWF,MF
WWf
WWf
CWF,MF
CWF,MF

3

3

Dry
HDD
Open Cut
HDD
HDD
HDD

CWF,MF
CWF,MF
CWF,MF
CWF,MF
CWF,MF
CWF,MF
CWF,MF
CWF,MF

3
3
3
3
3
3
3
3

Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry

x
x

x
x

x

x
x

x

x
x
x
x
x

x
x
x
x
x
x
x
x

Forest or
Wooded?

NJ Reforestation Area
Table 3.3‐6

Dry

HQ‐CWF,MF
HQ‐CWF,MF
HQ‐CWF,MF

Dry
Dry
Dry

26.6‐26.7
0.3

EV, MF
CWF,MF

3
3

NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ

77.7
77.7
79.0
GL‐0.0
79.5
79.9
80.3
80.3
80.4
80.6
80.9
81.2
81.7

Zone1E
NA
FW2‐TPC1
FW2‐TPC1
FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NT

Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Bore

300
50
50
50
50
50
50
50
50

NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ

81.9
82.0
AR 82.3
82.4
82.4
82.7
83.2
83.8
84.4
84.9
84.9
85.3
85.3
85.3

FW2‐TPC1
FW2‐TPC1
FW2‐TPC1
FW2‐TPC1
FW2‐TPC1
FW2‐TPC1
FW2‐TPC1
FW2‐TPC1
FW2‐NT
FW2‐NT
FW2‐NT

Dry
Dry
Dry
Dry
Open Cut
Dry
Bore
Dry
Dry
Dry
Dry
Dry
Dry
Dry

300
300
300
300
300
300
300
300
50
50
50

Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Bore
Dry
Dry
Dry
Dry
Dry

300
300
300
300
300
300
300
50
300
300
300
300
300
300

3

Dry
Dry
Dry
Dry
Dry
Dry
HDD
HDD
Dry
Dry
HDD
Dry
Dry

50
50

x

x

x
x

x

x
x
x

x
x
x

x
x
x

x
x

x
x

x
x

x

x
x

x
x
x

x
x
x

ATWS (addl temp work space)

N
N
?
N
N
N
N
N
N
N

1
2
1
3

Penn Dixie Rd

?
N
N
Y
Y
Y
N
N
N
Y
Y
Y
Y
Y
Y
N

1
1

3
1
2
2
1

FW2‐NT
FW2‐NT
FW2‐TMC1
FW2‐TMC1
9/12/2016
FW2‐TMC1
FW2‐TMC1
FW2‐TMC1
FW2‐TMC1
FW2‐TMC1
FW2‐NT
FW2‐TMC1
FW2‐NTC1
FW2‐TMC1
FW2‐NTC1
FW2‐TMC2
FW2‐NTC1

2:24:03 PM

300
300

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ

88.9
89.5
AR89.6
89.7
92.8
93.2
93.4
94.5
94.6
95.1
95.3
96.1
96.3
96.8

FW2‐NTC1
FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NTC1
FW2‐NT
FW2‐NTC1
FW2‐NTC1
FW2‐NTC1
FW2‐NTC1
NA
FW2‐TMC1
FW2‐TMC1
FW2‐TMC1

Dry
Dry
Dry
Dry
HDD
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Bore

300
50
50
50
300
50
300
50
50
300
50
300
300
300

NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ

96.8
96.8
97.3
98.4
98.5
99.1
99.7
99.8
99.9
100.2
100.7
100.3
101.0
101.3

FW2‐TMC1
FW2‐TMC1
FW2‐TMC1

Bore
Dry
Dry

300
300
300

FW2‐NT
FW2‐TMC1
FW2‐TMC1
FW2‐TMC1
FW2‐TMC1
FW2‐TMC1
FW2‐TMC1
FW2‐TMC1
FW2‐TMC1
FW2‐NT

Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry

50
300
300
300
300
300
300
300
300
50

NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ

102.8
101.9
102.9
102.9
102.9
104.3
104.6
104.8
105.3
105.6
105.9
107.5
107.8
108.1
108.3
109.1
109.5

FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NT

Dry
Dry
Dry
Dry

50
50
50
50

FW2‐TM
FW2‐TM
FW2‐TM
FW2‐TM
FW2‐TM
FW2‐TM
FW2‐TM
FW2‐TM
FW2‐TM
FW2‐NT
FW2‐NT

Bore
Dry
HDD
HDD
HDD
Dry
Dry
Dry
Dry
Dry
Dry

150
150
150
150
150
150
150
150
150
50
50

x
x
x

x
x
x
x
x
x
x
x
x

x
x
x
x
x

x
x
x
x
x
x
x

NJ
NJ
NJ
NJ
NJ
NJ
NJ

AR109.5
109.5
110.2
110.5
110.8
110.8
112.7

FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NT
FW2‐NT

Dry
Dry
Dry
Dry
Dry
HDD
Dry

50
50
50
50
50
50
50

x
x
x
x
x
x

x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Gun Club Rd

Blossom Hill Rd

1
1

^ they count these (72.1 and 72.2 as the same)

1
1

Y
?
N
N
N
N
Y
Y
Y
N
N
N
N
N

this is 73.6
Raubsville Rd

Durham Rd

Spring Hill Rd

State Rte 611 / Easton Rd

x
x

Dogwood Dr
Phillips Rd
Phillips Rd

Spring Garden Rd

x
x
Milford Warren Glen Rd / Hwy 519

x
x
x

x
x
x
x
x
x
x

Javes Rd

x
x
x
Stamets Rd

x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x

Creek Rd

State Rte 12 / Frenchtown Flemington Rd

Unnamed Road

1
Lower Creek Rd

1
Brookville Hollow Rd

1

x

x
x

x
x
x
x
x
x
x
x

1

x
x

x

x
x
x
x
x
x
x
x
x
x
x
x

Public Land
(Type of Area)

Land Ownership/ Management

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Township owned land
Township owned land (State owned land)
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Bethlehem Township
Bethlehem Township (Pennsylvania Commonwealth)
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
State owned land/Delaware State Canal Park
State owned land/Delaware State Canal Park

Private
Private
Private
Private
Private
Private
Pennsylvania Commonwealth/Del. River/Div Canal
Pennsylvania Commonwealth

Private
Private

Private
Private

Carbon Co Compressor Sta
Northampton Hellertown Lateral

Private
Private
Private

Private
Private
Private

Delaware River

Private
Private
Private
Private
Private
Township owned land
State owned land
State owned land
Private

Private
Private
Private
Private
Private
Township of Holland
NJDEP
NJDEP
Private

Private
State owned land
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
NJDEP
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
State/County owned land
County owned land
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
NJ Conservation Foundation & Hunterdon Land Trust Alliance
Hunterdon Land Trust
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private
County owned land
County owned land
County owned land
State/County owned land
State/County owned land
Private
Private
Private
Private

Private
Private
Private
Private
Private
Private
Private
Private
County of Mercer
County of Mercer
County of Mercer
NJDEP & County of Mercer
NJDEP & County of Mercer
Private
Private
Private
Private

Conservation

Brunswick ave crossing

Conservation
Conservation
Conservation

Swan Creek

Private
Private
Township owned land
Township owned land
Township owned land
Township owned land
Private

Private
Private
Township of Hopewell
Township of Hopewell
Township of Hopewell
Township of Hopewell
Private

Conservation
Conservation

Private Cons Easement
(Easment Type)

Notes

East Branch Monocacy and Penn Dixie rd
stream and Penn Dixie Rd

Agricultural Conservation
Agricultural Conservation

wide crossing 135'
Stream and rail corridor; steep slopes (1)
stream and steep slopes
stream and steep slopes
Stream and Georgetown rd
Stream and Georgetown rd
stream in ag field
stream in ag field
Lehigh River
Lehigh River

ag field
wide crossing 108'; ag field
wide crossing 201'

wide crossing 132'
wide crossing 105'
stream and wetland
stream and wetland
ag field
Frya Run; ag field
wide crossing 106'

stream crossing missing from table, 062415_BT_1001_P_MI
1

x

x
x
x

this is the first 63.7
this is the first 63.7

Georgetown Rd

Old River Rd

x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x

this is 61.4?

x

x
x
x
x
x

Crossing not mapped

Hope Rd

x
x
x
x
x
x
x
x
x

Roadway Crossings
Table 1.5‐7

1
x
x
x
x

Near Road
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x
HQ‐CWF,MF

3
3
3

85.6
85.6
PDF85.6
(Unofficial)
86.0
86.0
86.8
86.8
87.2
87.7
87.8
88.4
88.4
88.8
88.8

Poor Revegetation
Potential

Dry
Dry
Bore

EV,MF
EV,MF
EV,MF
WWF, MF
WWF, MF
EV,MF
WWF, MF
WWF

NJ
NJ
FERC
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ
NJ

Severely Erodible Soils

x
x
Unnamed Road

Co Rd 546 / Washington Crossing Pennington Rd

side slope storage

Delaware Canal
Delaware River wide crossing 468'

Agricultural, Farmland Preserved
Phillips road crossing
wide crossing 113'
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved

Agricultural, Farmland Preserved
Hakihokaka Creek
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved

wide crossing 159'

Agricultural, Farmland Preserved
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved
Agricultural, Farmland Preserved

wide crossing 120'
wide crossing 124'

wide crossing 175'
ditch

Hakihokaka Creek

Conservation

wide crossing 193'
Nishisakawi Creek

wide crossing 151'
wide crossing 300'

Conservation Easment (Green Acres Restriction)

Copper Creek
Copper Creek
Lockatong Creek
wide crossing 300'

Agricultural, Farmland Preserved
Agricultural, Farmland Preserved
Agricultural Easment
Agricultural Easment
Conservation, Agricultural Easment
Agricultural Easment

wide crossing 300'
wide crossing 300'
Pond
wide crossing 300'
wide crossing 300'
wide crossing 300'; Lower Creek rd crossing

Wickachecke Creek
ag field
Agricultural

Conservation Easment

Alexauken Creek; ag field

ag field

Conservation
Moores Creek
Conservation

Conservation
Conservation

Fiddlers Creek
Jacobs Creek

Woolsey Brook
pond
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Gilbert
Lambertvl

State

Mile Post

NJ
NJ
NJ
NJ
NJ
NJ

From Table 2A‐1 Data
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113.4
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0.1
0.4
0.8

EV or HQ (PA)
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Method

Dry
Dry
Dry
Dry
Dry
Dry

Riparian Width ft (NJ)

50
50
300
300
300
300

Severely Erodible Soils

Poor Revegetation
Potential

Rugged Terrain (Slope 30% or greater)

Blasting Potential

Updated Table 7.1‐2

Updated Table 7.1‐2

Updated Table 8.2‐2

Table 1.5‐8

x
x
x
x
x

x
x
x

Forest or
Wooded?

NJ Reforestation Area
Table 3.3‐6

ATWS (addl temp work space)
Appendix 2B

Near Road

Roadway Crossings

Crossing not mapped

Public Land
(Type of Area)

Land Ownership/ Management

Private
County owned land
Private
Private
Private
Private

Private
County of Mercer
Private
Private
Private
Private

Table 1.5‐7

x
x
Redington Rd
Applebutter Rd
Sherry Hill Rd

Private Cons Easement
(Easment Type)

Notes
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BACKGROUND
PennEast Pipeline Company, LLC (PennEast) proposes to construct, install, and operate
approximately 114.6 miles of 36-inch diameter natural gas pipeline from Luzerne County,
Pennsylvania to Mercer County, New Jersey. Of that total, 77.4 miles (68%) are proposed
in Pennsylvania. Also proposed is an approximately 2.1-mile long new 24-inch diameter
pipeline in Northampton County, PA (the Hellertown Lateral). A single new compressor
station is proposed near Milepost 26.6 in Kidder Township, Carbon County, PA. The
Kidder Compressor Station includes three gas turbine-driven units rated at 15,900 hp
each. Additional aboveground facilities include meter stations, mainline valves, and pig
launcher/receivers.
Approvals of the Pennsylvania section of the pipeline which will be needed include:
 a Federal Energy Regulatory Commission (FERC) certificate of public
convenience and necessity (one application for entire project)
 a Pennsylvania Department of Environmental Protection (PADEP) Chapter 102
Erosion and Sediment Control General Permit (ESCGP-2) for Earth
Disturbance Associated with Oil & Gas Exploration, Production, Processing,
or Treatment Operations Facilities (separate applications for each county)
 a Joint Corps Clean Water Act Section 404/PADEP Chapter 105 Water
Obstruction and Encroachment Permit (separate applications for each
county), and
 a Clean Water Act Section 401 Water Quality Certification (one application to
PADEP covering work in all counties).
Because it involves an interstate pipeline, the Federal Energy Regulatory Commission
(FERC) is the designated lead federal agency for the project. FERC involvement means
that the pipeline is supposed to be designed and constructed in accordance with FERC
guidelines and specifications. On 24 September 2015, PennEast filed an application with
the FERC for a Certificate of Public Convenience and Necessity (Certificate). As of 11
July 2016, the only water-related State approval that had been accepted by PADEP as
administratively complete, and thus published as a public notice in the Pennsylvania
Bulletin, was the Section 401 Water Quality Certification (WQ02-005, published 14 May
2016). As discussed at length below, the Section 401 Water Quality Certification
application is substantially incomplete for regulatory decisionmaking, and will remain so
until all of the required information has been provided.
On behalf of the Delaware Riverkeeper Network, Schmid & Company ecologists reviewed
available project files regarding wetland delineations and impact assessments for the
Pennsylvania portion of the proposed project. We also conducted field inspections at
selected areas, in particular on publicly-owned and publicly-accessible lands, and private
lands for which access permission was granted. Our primary focus was on the accuracy of
delineated wetlands along the pipeline route in terms of their location, size, physical
characteristics, classification as Exceptional Value Wetlands, and the applicant's
assessment of potential impacts to those wetlands.

1
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The subject of this analysis is the applicant's identification of Exceptional Value Wetlands
and proposed impacts to them. Exceptional Value Wetlands are important for several
reasons. In accordance with 25 Pa. Code Chapter 105, wetlands are "a valuable public
natural resource", and any wetland that qualifies as an "Exceptional Value Wetland" is
among the most sensitive and "deserves special protection". Exceptional Value Wetlands
in Pennsylvania are defined at §105.17(1) as wetlands that exhibit one or more of the
following characteristics:
(i) Wetlands which serve as habitat for fauna or flora listed as "threatened" or
"endangered" under the Endangered Species Act of 1973, the Wild Resource
Conservation Act, 30 Pa. Code. (relating to the Fish and Boat Code), or 34 Pa. Code
(relating to the Game and Wildlife Code).
(ii) Wetlands that are hydrologically connected to or located within 1/2-mile of
wetlands identified under subparagraph (i) and that maintain the habitat of the
threatened or endangered species within the wetland identified under subparagraph (i).
(iii) Wetlands that are located in or along the floodplain of the reach of a wild
trout stream or waters listed as exceptional value under Chapter 93 (relating to water
quality standards) and the floodplain of streams tributary thereto, or wetlands within
the corridor of a watercourse or body of water that has been designated as a National
wild or scenic river in accordance with the Wild and Scenic Rivers Act of 1968 or
designated as wild or scenic under the Pennsylvania Scenic Rivers Act.
(iv) Wetlands located along an existing public or private drinking water supply,
including both surface water and groundwater sources, that maintain the quality or
quantity of the drinking water supply.
(v) Wetlands located in areas designated by the Department as "natural" or "wild"
areas within State forest or park lands, wetlands located in areas designated as Federal
wilderness areas under the Wilderness Act or the Federal Eastern Wilderness Act of
1975 or wetlands located in areas designated as National natural landmarks by the
Secretary of the Interior under the Historic Sites Act of 1935.
Wetlands which qualify as "Exceptional Value Wetlands" in accordance with §105.17(1),
by definition are Exceptional Value Waters in accordance with 25 Pa. Code Chapter 93
Water Quality Standards. Any water that is a "surface water of exceptional ecological
significance" per §93.4b(b)(2) is an Exceptional Value Water. One specific example of a
surface water of exceptional ecological significance as stated in Chapter 93 is:
Wetlands which are Exceptional Value Wetlands under §105.17(1).
Both Exceptional Value (EV) and High Quality (HQ) waters in Pennsylvania are entitled to
Special Protection to prevent degradation when construction activities are being
considered. Those waters identified as Exceptional Value Waters in Pennsylvania are Tier
3 Outstanding National Resource Waters in the terms of the federal Clean Water Act.
Such waters are to receive the highest level of protection; i.e., no degradation of their
quantity and quality. This level of protection is even more stringent than that applied to
High Quality waters, for which socioeconomic justification can be used as a rationale for
allowing partial degradation. Exceptional Value Wetlands, because they are EV Waters,
are to be afforded the same antidegradation "special protection" as streams that have
been designated EV Waters, that is, no reduction of their water quality is to be allowed.
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SUMMARY OF FINDINGS
The following issues, discussed in greater detail below, have been identified in conjunction
with the proposed PennEast Pipeline project:
 The size (acreage) of some wetlands along the proposed pipeline was

undermapped significantly.
 There are internal discrepancies in the reported acreage of many delineated
wetlands in the PennEast application documents.
 Most wetlands within and along the proposed pipeline right-of way (ROW) are not
visibly flagged in the field.
 Some wetlands which should be classified as "exceptional value" were incorrectly
identified by the applicant as "other".
 Not all PADEP criteria for classifying Exceptional Value Wetlands were considered
or applied.
 The required assessment of the functions and values of existing wetlands has not
been done, and no evaluation of proposed impacts on the functions and values of
wetlands has been done.
 Additional wetlands exist within approximately 19.4 miles of right-of-way (24% of
the proposed pipeline Study Area) that have not been investigated because access
was not (initially) granted. Impacts to those wetlands have not been acknowledged,
calculated, or mitigated in the permit applications.
 No "existing use" analysis of affected streams has been done, possibly leading to
an undercount of the number and extent of Exceptional Value Wetlands.
 Requests by resource agencies (e.g., PA-DCNR, USFWS) to identify sensitive
resources and minimize impacts are not being followed.
 Bog turtle searches did not encompass the entire area requested by USFWS.
 Certain areas of suitable bog turtle habitat were not acknowledged by the applicant.
INTRODUCTION
The 77.4 miles of the 36-inch diameter mainline route of the proposed PennEast Pipeline
Project that are within Pennsylvania pass through four counties: Luzerne, Carbon,
Northampton, and Bucks. Additionally, 2.1-miles of new 24-inch diameter lateral are
proposed near Hellertown, Northampton County, and a compressor station is proposed in
Kidder Township, Carbon County, just north of Interstate Route 80.
The applicant reports that it identified 182 watercourses and 153 wetlands within the
pipeline corridor Study Area in Pennsylvania. According to the application 58 streams to
be crossed by the pipeline are designated as High Quality (HQ) and 11 streams to be
crossed are designated as Exceptional Value (EV). The pipeline will cross 3 Class A Wild
Trout Streams and 99 Wild Trout Waters, many of which also are either HQ or EV waters.
The 153 delineated wetlands reportedly encompass about 135 acres within the Study
Area. Most of the delineated wetlands (110 acres, or 81%) were classified by the applicant
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as Exceptional Value Wetlands. More than half of the wetland impacts acknowledged by
the applicant involve Exceptional Value Wetlands.

WETLAND DELINEATIONS AND IMPACTS
The field delineations of waterways and wetlands were performed on behalf of PennEast
by representatives of AECOM and/or URS Corporation (the two companies merged in
2014). The delineations are reported to have been done "on multiple dates between
September 2014 and August 2015" (Wetland Delineation Report - Pennsylvania, January
2016). Each delineated wetland was assigned a unique identification number by the
applicant (e.g., 121814_JC_001_PEM). According to the Wetland Report, 151 wetlands
were delineated within the pipeline route Study Area and 2 wetlands were delineated
within the compressor station area. The total area of those delineated wetlands within the
Study Area reportedly is 135 acres (Table 1).
Field Surveys
As noted above, the wetland delineations reportedly were conducted between September
2014 and August 2015. The boundaries of wetlands were reported to have been fieldmarked with surveyor's tape, and the flagged boundaries recorded with a handheld GPS
unit. In our experience, such flagging typically persists in the field for several years at
least, although pieces of some flags may become torn or lost and some markings may
become illegible over time as a result of wind, rain, and general exposure to the elements.
Upon field inspection during May 2016, the location of the proposed pipeline centerline, the
pipeline corridor, and wetlands and streams within the pipeline corridor in general were
found to be very poorly marked. We did not encounter a single wetland with delineation
flags completely outlining it. At most we saw isolated, unnumbered pink flags pre-printed
with "Wetland Delineation", or isolated numbered (or unnumbered) flags that did not
connect in sequence with other numbered (or unnumbered) flags. Thus it was not possible
to confirm with any precision in the field the accuracy of the wetlands depicted on the
applicant's drawings. Occasionally we observed the banks or the centerlines of some, but
not all, streams marked with either numbered or unnumbered blue flags. It is unlikely that
all traces of the delineation flags were systematically removed by landowners or vandals,
particularly given the somewhat remote locations we visited. The current lack of visible
markings makes it difficult for agency regulators or the public to determine where the
proposed project is on the ground and to identify what resources the applicant believes to
be at risk. The lack of flagging should be corrected prior to agency field review.
Acreage Discrepancies
Each delineated wetland in the Study Area corridor was measured, categorized, and listed
by milepost and by county in the "Delineation" table (in the Wetland Delineation Report). A
subset of the delineated wetlands, those which the applicant acknowledges will be
impacted by the pipeline project, is listed again in an "Impact" table (per Appendix G in the
Water Quality Certification application), along with additional information about the nature
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Issue

Luzerne

Carbon

Northampton

Bucks

Wetlands in Study Area (#)

75

56

21

1

EV Wetlands in Study Area (#)

43

34

15

0

Wetlands in Study Area (acres)

27.63

95.10

11.61

0.33

EV Wetlands in Study Area (acres)

23.03

75.78

10.89

0

TOTAL
153
92 (60% of total wetlands)
134.67
109.70 (81% of total wetlands)

Wetland impacts total (#)

43

41*

15

1

EV wetland impacts (#)
Reported by applicant
Partially Corrected**

16
25

27
28

11
11

0
0

Applicant-reported wetland acreage greater
in Impact Table than in Delineation Table
Total number
7
Total acreage
7.60

9
15.76

0
0

0
0

16
23.36

Applicant-reported wetland acreage less
in Impact Table than in Delineation Table
Total number
8
Total acreage
1.26

11
5.87

3
0.06

0
0

22
7.19

0
0/0

26.51
22.14/23.61**

3.09
2.76/2.76

100
54 (54% of total impacts)
64 (64% of total impacts)

Temporary ROW wetland
Disturbance (acres)

Total
6.23
17.19
EV 3.72/4.98** 15.66/15.87**

Permanent ROW wetland
Disturbance (acres)

Total
3.13
EV 2.38/3.11**

10.82
9.84/9.99**

2.18
1.95/1.95

0.01
0/0

16.14
14.18/15.05**

Conversion of PFO/PSS
to PEM (acres)

Total
1.60
EV 1.28/1.51**

5.32
4.69/4.79**

1.01
0.94/0.94

0
0/0

7.93
6.92/7.24**

* Includes 5 wetland impacts identified by the applicant at the proposed Kidder Compressor Station.
** Corrected by Schmid and Co. based on associations with designated EV Waters or Wild Trout Waters not acknowledged by applicant.
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TABLE 1. PennEast Pipeline wetland details summarized. Except as noted, all data were provided by the applicant.
These data do not include the additional wetlands and wetland impacts in the 19+ miles of pipeline ROW that
have not yet been investigated/delineated. Numbers may not exactly equal totals due to rounding. Boldface
indicates Exceptional Value Wetlands.
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of each proposed impact. In total 153 Study Area wetlands are reported in the Delineation
table, and 100 wetlands reportedly will be affected according to the Impact table. Table 1
summarizes relevant data about the wetlands reported for the PennEast Project.
At a minimum, every impacted wetland listed in the applicant's Impact table should also be
listed in its Delineation table, but that is not the case. There are 7 wetlands that are listed
as proposed to be affected by pipeline construction in the applicant's Impact table that are
not listed in the Delineation table, as follows:
County

Location

Identification Number

Type Class

Luzerne
Carbon
Carbon
Carbon
Carbon
Carbon
Northampton

MP 19.7
MP 26.5
MP 26.5
MP 26.5
MP 26.5
MP 36.5
MP 72.9

121614_JC_001_PFO(2)
102114_JC_001_PFO
102114_JC_001A_PSS
102114_JC_001_PEM
082515_BT_003_PEM
050615_JC_1002_PFO
042815_JC_1002_PEM

PFO
PFO
PSS
PEM
PEM
PFO
PEM

Area

EV
0.583 ac.
Other 12.000 ac.
Other
0.620 ac.
Other
2.880 ac.
Other 387.340 ac.
EV
0.324 ac.
EV
0.914 ac.

These 7 wetlands total more than 400 acres within the Study Area (that is existing
acreage, not impacted acreage) if the reported areas are to be believed. Four of these
wetlands are associated with the proposed compressor station at Milepost 26.5.
Other discrepancies between the applicant's Delineation table and the Impact table were
noted. In addition to the 7 wetlands mentioned above, for which no acreage is provided in
the Delineation table, 38 of the wetlands in the Impact table have a different total existing
Study Area acreage than is reported for that wetland in the Delineation table. In 16 of those
instances (a total of 23.36 acres), the reported acreage for a given wetland is greater
according to the Impact table; in 22 instances (a total of 7.19 acres), the reported acreage is
less according to the Impact table. Some are minor discrepancies that may be attributable
to rounding errors (e.g., 2.10 vs. 2.094 acres), but others are significant (e.g., 2.05 vs. 5.655
acres, or 9.07 vs. 16.305 acres). Together these 38 wetlands represent an overall
difference of more than 30 acres of reported wetlands in the Study Area (in addition to the
more than 400-acre discrepancy for the 7 wetlands listed above). It is not clear, nor is it
explained in the application, why these discrepancies exist, but they raise concerns about
the quality and accuracy of the applicant's wetland delineation and assessment. These
discrepancies must be eliminated prior to regulatory decisionmaking.
Extent of Regulated Wetlands
The applicant reported that there were 37 wetlands within the Study Area in Pennsylvania
according to the National Wetlands Inventory (NWI) maps prepared by the US Fish &
Wildlife Service (USFWS) using high-altitude aerial photographs. The applicant
identified/delineated 153 wetlands in the Study Area (that number will increase once
investigations have been completed in the approximately 19 miles of the ROW not yet
examined by the applicant, see below). It is not unusual that the NWI maps identified only
about one-quarter or fewer of the wetlands that were found during the applicant's field
delineations --- in our experience, and as reported in the scientific literature, it is very

5
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common that NWI maps significantly undermap the number and extent of regulated
wetlands in Pennsylvania. The extent of forested wetlands often is not readily determined
from high-altitude aerial photographs. Furthermore, NWI maps never were intended to be
accurate enough to be used for project site-specific regulatory purposes.
The discrepancies discussed herein, regarding the location, extent, and nature of wetlands
at various places along the proposed pipeline route, may be due to sloppy recording,
incompetent field delineation, inconsistency among field delineators, or some combination
of those factors. There is no excuse for inaccurate identification of wetlands on any project
site, yet it happens more often than necessary, even where the wetland consultants have
the "appropriate" credentials and claim to have followed the relevant criteria and guidelines
for wetland delineation. The Army Corps of Engineers has an established, straightforward,
no-fee process/procedure (known as a jurisdictional determination, or JD) for checking the
accuracy of wetland delineations for federal regulatory purposes. PADEP uses the same
methodology (25 Pa. Code 105.451). The importance of Corps of Engineers review was
highlighted recently when a proposed coal mine application was undergoing PADEP
permit review1. In the 1,867-acre surface facilities area for the proposed mine in
southwestern Pennsylvania, the applicant's wetland consultant identified 16 wetlands
where the National Wetlands Inventory (NWI) had mapped only 2, a result which would
seem to be more comprehensive. Following the Corps' JD field inspections, however, a
total of 44 wetlands was confirmed at the mine site. If the Corps had not examined the
consultant's wetland delineations, and if any of those additional 28 wetlands had been
adversely affected by the mining project, those impacts would not have been recognized or
mitigated. For the PennEast Pipeline project, we strongly recommend that the Corps of
Engineers field inspect and confirm the accuracy of the proposed delineation of all
wetlands after the limits of the wetlands and Study Area have been clearly flagged.
Classification of Exceptional Value Wetlands
Criterion "iii" [of the five criteria listed at §105.17(1) --- see "Background" above] was used
by the applicant according to the Delineation table as the basis to classify almost all (91 of
92) Exceptional Value Wetlands in the Study Area. Criterion "iii" involves a wetland's
association with EV Waters or wild trout waters. One wetland (in Carbon County near MP
27.0, #102314_JC__002_PSS) was judged to be exceptional value on the basis of both
criterion "iii" and criterion "i" (threatened/endangered species habitat). Two of the
wetlands we investigated in the field (Area C and Area E, see Appendix) may also qualify
under criterion "i" (for possible bog turtle habitat); both already are listed by the applicant
as Exceptional Value Wetlands because of their association with wild trout waters and/or
EV waters, so their being bog turtle habitat would not change their designation but may
warrant additional protective measures during construction.
We concur that none of the wetlands in the Study Area is likely to qualify as exceptional
value in accordance with §105.17(1) criterion "v". There currently are no PADEPdesignated "natural" or "wild" areas within the State Forest or State Park lands along the
1

Schmid & Company, Inc. 2014. The illusion of environmental protection: permitting longwall coal mines in
Pennsylvania. Prepared for Citizens Coal Council, Bridgeville PA. 138 p.
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proposed route, nor are there any Federally-designated Wilderness Areas or National
Natural Landmarks along the route.
There are likely to be wetlands within the Study Area, and proposed to be impacted, that
qualify as exceptional value in accordance with §105.17(1) criterion "iv" [Wetlands located
along an existing public or private drinking water supply, including both surface water and
groundwater sources, that maintain the quality or quantity of the drinking water supply.] The
proposed pipeline route passes through rural areas where many residents obtain their
drinking water from onsite wells. One of the most widely recognized functions of wetlands2
is their ability to absorb or filter pollutants such as nitrogen, phosphorus, and sediments
and thereby to provide an important water quality benefit. When wetlands are located
above or along private drinking water supplies, that water quality enhancement function is
particularly significant. Any such wetlands along the PennEast Pipeline route would qualify
as Exceptional Value Wetlands under criterion "iv". The application includes no discussion
about this criterion, however, nor does it describe whether any of the wetlands in the Study
Area are located above or along a public or private drinking water supply.
Significant Areas Not Delineated
Wetlands and waters within approximately 19.4 miles3 (24%) of the Study Area for the
proposed pipeline in Pennsylvania had not been delineated as of mid-May 2016,
reportedly because landowner permission had not been granted. According to the
applicant's Environmental Assessment (page 1-23) "remote sensing modeling and
National Wetlands Inventory / National Hydrography Dataset data were used to identify
wetlands and waterbodies on non-surveyed/no access parcels". In some, but not all,
places where access was not granted and NWI wetlands had been mapped by the
USFWS, the applicant's maps depict some small wetlands. Reportedly, however, those
are not included (even as estimates) in the calculations because only the wetlands actually
field-delineated by the applicant are listed on the Delineation table and the Impact table.
There are county-mapped hydric soils in at least 15 locations where access for delineated
wetlands was not obtained by the applicant (Table 2). In several of those locations there
are USFWS-mapped NWI wetlands as well. In many of these areas, wetlands were
delineated by the applicant just outside the "no access" areas, so it is not unreasonable to
expect additional wetlands nearby where conditions are similar. If wetlands in fact exist in
these 15 locations (which encompass approximately 6.4 miles of the overall pipeline
route), at least 10 of them (highlighted in bold on the table) are already acknowledged or
likely to be Exceptional Value Wetlands based on their direct association with wild trout
waters or EV waters.
2

PADEP Fact Sheet 3930-FS-DEP1434 (2003): Wetlands: Functions at the Junctions. http://www.buckinghampa.org/
media/4328/value-of-wetlands.pdf
3
This estimate is based on our measurement and analysis of the "no access" areas identified on each of the 151 sheets
that comprise the maps in the applicant's Wetland Delineation Report for Pennsylvania. The Environment Assessment
for the Water Quality Certification application (page 1-23) claims that "PennEast has conducted wetland and waterbody
delineation surveys on approximately 78.6% (91.7 miles) of the Project pipeline routes in PA"; however, the entire
pipeline as currently proposed in Pennsylvania extends only 79.5 miles.)
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TABLE 2. Areas that likely have wetlands within lands along the PennEast Pipeline route
where property access reportedly was denied to the applicant.
Wetland
Delineation
Sheets

No-Access
Mileposts

NoAccess
Miles Discussion

Pipeline ROW
66-67

32.15-32.72

0.57

Hydric soils (LtA, SmB) are near MP 32.5

72

35.21-35.28

0.04

Hydric soil (SmB) is near MP 35.21, wetland delineated
nearby within same hydric soil map unit

73-74

35.61-36.43

0.82

Hydric soils (LtA, SmB, Hy) and NWI wetland are mapped near
MP 36.1 (see Figure 1) --- would be EV wetland due to
EV stream

82-83

40.71-41.70

0.99

Hydric soils (Hy) are near MP 41.6, wild trout waters and EV
streams here suggest likely EV wetland

95

48.06-48.13

0.07

Hydric soil (Hy) near MP 48.1 is larger than delineated
EV wetland (PSS)

98

48.87-49.10

0.23

Hydric soils (Hy, Pa) and NWI wetland are near MP
49.1; wetland delineated and acknowledged as EV

105-107
105-106

53.55-54.72
53.55-53.75

1.17

106-107

54.10-54.72

Wild trout waters suggest likely EV wetland near MP 54.3
Hydric soils (AnA, AoB, BuB) are along about 1,500
linear feet of proposed pipeline; wetland delineated nearby
Hydric soils (AnA, AoB, BuB) are along about 1,225
linear feet; NWI wetland is near MP 54.3

110-111
110
111

55.97-56.76
near 56.00
56.7

0.79

Wild trout waters suggest likely EV wetland near MP 56.0
Hydric soil (BtA) and NWI wetland
Hydric soil (BtB)

117

60.25-60.29

0.04

Hydric soil (Ho) and NWI wetlands are nearby along
Monocacy Ck. (Class A Trout Stream), thus likely EV wetland

119

61.48-61.66

0.18

Hydric soil (BtA) near MP 61.48 larger than delineated PEM
wetland nearby and in forest along creek, wild trout waters
suggest likely EV wetland

136

70.89-71.04

0.15

Hydric soil (Fl) is along north side of Lehigh River

137/142

71.90-72.46

0.56

Hydric soil (CaB) is larger than delineated EV wetland; an
NWI pond is nearby

145-146

73.59-74.37

0.78

Hydric soils (CnB, CaB); wetlands delineated nearby; wild trout
waters suggest likely EV wetland

TOTAL

6.39 mi.
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In 4 of the 5 areas where both county-mapped hydric soils and NWI wetlands were shown
on the applicant's drawings, the small section of the NWI-mapped wetland that extends
into the Study Area corridor is shown, as for example in Figure 1, but no acreage of the
NWI-mapped wetland was measured or estimated, no wetland impact was calculated, and
the likely value of the wetland (as either "exceptional value" or "other") was not noted. In
all cases where a NWI-mapped wetland is shown on project drawings in the "no-access"
sections of the Study Area corridor, the actual wetland is likely to be larger (once field
delineated and surveyed), given the typically undermapped extent of NWI wetlands and
the generally much larger extent of county-mapped hydric soils.
In 2 instances where hydric soils, but not NWI wetlands, were mapped in the "no access"
areas (Table 2), a field delineation of the wetland was performed by the applicant despite
the stated lack of access (MP 48.1 and MP 72.2). In both cases, the delineated wetland
was acknowledged to be an Exceptional Value Wetland. As for all of the areas already
delineated, once access has been granted in the remaining sections of the PennEast
Pipeline route, we strongly recommend that the Corps of Engineers field inspect the
proposed wetland delineations and either confirm their accuracy or have the flagging and
drawings adjusted as warranted by actual field conditions.
Impacts to Exceptional Value Wetlands
Of the 135 acres of wetlands within the Study Area reported in the applicant's Delineation
table, most (110 acres, 81%) were classified by the applicant as Exceptional Value
Wetlands. More than half (54) of the 100 wetlands to be disturbed during project
construction according to the applicant's Impact table are Exceptional Value Wetlands (see
Table 1). We believe that at least 64 Exceptional Value Wetlands will be impacted.
The applicant reports 16 impacts to Exceptional Value Wetlands in Luzerne County, 27 in
Carbon County, 11 in Northampton County, and none in Bucks County, for a total of 54. At
least 7 additional impacts listed by the applicant as affecting "other" (non-exceptional
value) wetlands in Luzerne County, and 1 in Carbon County, in fact will affect Exceptional
Value Wetlands (see listing below and Table 3). We identified two additional wetland
impacts at Milepost 18.35 (see Area A, Appendix) in Luzerne County, where the wetland
type and sizes are different than what was delineated by the applicant, and thus extend
into the construction ROW. (We did not flag/survey/measure the difference.) Since our
field inspections involved only limited spot-checking, there possibly could be similar
discrepancies in areas we did not observe. Accordingly, there will be impacts to at least
64 (rather than 54) Exceptional Value Wetlands. Six of those wetlands are listed as
Exceptional Value Wetlands in the applicant's Delineation table (but as "other" wetlands in
the Impact table), while the others have been misclassified:
County

Location

Identification Number

Reason Not "Other"

Luzerne
Luzerne
Luzerne
Luzerne
Luzerne

MP 16.6 AR-031
MP 16.6 AR-031
MP 16.6 AR-031
MP 16.6 AR-031
MP 17.7

081315_MK_026_PFO
081315_MK_036_PSS
081315_MK_035_PFO
081415_MK_039_PSS
112014_JC_001_PEM

criterion iii per Delin. Table
criterion iii per Delin. Table
criterion iii per Delin. Table
criterion iii per Delin. Table
criterion iii per Delin. Table
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 Pipeline Corridor 

Hydric
Soil

NWI Wetlands

Yellow Run
(EV)
Hydric Soil

 Pipeline Corridor 

FIGURE 1. Example of wetlands "identified" near Milepost 36.1 of the proposed PennEast pipeline. At left is the applicant's wetland
delineation map (Sheet 73) showing the pipeline corridor; only the western tip (light blue) of a very large NWI wetland (green in
figure at right) is shown. Red diagonal hatching at left indicates property where permission for access had been denied to the
applicant, and so no wetland field delineation was done. The extent of county-mapped hydric soils (orange crosshatch at right) is
even more extensive than the NWI wetland. Existing Exceptional Value Wetlands, and wetland impacts, will be significant here,
but are not included in the calculations or assessment for the pipeline permit applications.
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NOTE: this location corresponds to field-inspected Area F
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Acres Delineated

27180

15608

8756

1.794

1.79

P

3.1

011815_JC_002_PFO

EV

143

6152

5063

3054

1.248

1.36

P

13.1/13.2

121814_JC_004_PSS

EV

421

795

0

0

2.550

2.99

T

13.3,
AR-029

081215_MK_020_PEM

EV

152

2210

0

0

0.080

0.08

T

14.1

111014_JC_002_PFO

EV

119

2485

834

258

0.173

0.17

P

14.9/15.0

043015_JC_1001_PFO

EV

124

9743

6542

3782

0.841

0.33

P

16

112114_JC_003B_PFO

EV

645

60918

40442

19119

5.655

2.05

P

16.1/16.2

112114_JC_003B_PSS

EV

5

526

382

161

1.984

0.24

P

16.2

112114_JC_003A_PSS

EV

331

12428

8238

4966

1.184

1.50

P

16.4

112114_JC_002_PSS

EV

83

6555

4081

2487

0.432

0.44

P

16.4

112114_JC_002_PEM

EV

60

223

39

0

0.073

0.08

T

16.6,
AR-031

081315_MK_026_PFO

Other

444

3078

0

0

0.135

0.13

T

16.6,
AR-031

081315_MK_036_PSS

Other

66

169

0

0

0.176

0.18

T

16.6,
AR-031

081315_MK_035_PFO

Other

278

981

0

0

0.047

0.05

T

16.6,
AR-031

081415_MK_039_PSS

Other

80

632

0

0

0.016

0.02

T

16.8

112014_JC_002_PEM

EV

321

78

31

0

0.011

0.34

T

16.8

112014_JC_002_PFO

EV

240

17855

12088

7073

2.732

2.07

P

17.7

112014_JC_001_PEM

Other

170

22613

15074

0

0.711

0.22

T

17.7

112014_JC_001_PFO

Other

336

26362

15983

10007

0.671

0.67

P

19.6

121614_JC_001_PFO (1)

EV

40

2704

1947

1150

0.583

0.60

P

19.7

121614_JC_001_PFO (2)

EV

170

12135

8552

5061

0.583

--

P

0.72

T

0.11

P

Crossing Width (ft)

Const.
ROW

Perm.
ROW

Impact Type T or P

Acres in Survey Area

284

Square Feet Affected

EV

Value Classification

050715_JC_1001_PSS

Wetland ID

0.1

Milepost

Square feet of PFO and PSS
Conversion Within
30-foot Maintained ROW

TABLE 3. Impacts to Exceptional Value Wetlands, as reported in the applicant's Impact table.
Column in blue identifies the wetland acreage reported in the applicant's Delineation table.
Items highlighted in red denote either discrepancies in acreage (between Delineation and
Impact tables) or in wetland value classification. The three wetlands whose ID numbers are in
pink were not identified in the Delineation table. Note: subtotals and totals converted to acres.

Luzerne County

19.7

121614_JC_001_PEM

EV

37

64

0

0

0.716

22.7

102115_WA_003_PFO

Other

65

1030

395

112

0.114

3.72
4.98

2.38
3.11

1.28
1.51

Luzerne County Subtotal, Applicant EV only (acres)
Luzerne County Total, EV + Other (acres)
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Acres Delineated

EV

26

271

1117

793

0.050

0.05

P

26.4

102114_JC_001_PEM

EV

409

28819

18959

0

2.561

2.88

T

26.7

102114_JC_001A_PSS

EV

210

25733

1668

217

1.239

0.62

P

26.8

102314_JC_004_PEM

EV

367

16619

9211

0

1.605

1.68

T

26.9

102314_JC_002_PFO

EV

53

9527

2778

1577

0.501

0.33

P

Crossing Width (ft)

Const.
ROW

Perm.
ROW

Impact Type T or P

Acres in Survey Area

102114_JC_001B_PFO

Square Feet Affected

26.4

Value Classification

Carbon County

Wetland ID

Luzerne

Milepost

Square feet of PFO and PSS
Conversion Within
30-foot Maintained ROW

TABLE 3. Impacts to Exceptional Value Wetlands (continued).

26.9

102314_JC_002_PSS

EV

1624

123544

84488

49975

13.738

14.61

P

27.6

102214_JC_001_PEM

EV

136

2071

1408

0

0.125

0.12

T

29.5

050115_JC_1001_PFO

EV

850

65003

42800

25598

2.089

2.09

P

30.9

042415_JC_1001_PFO

EV

1702

121266

83595

51018

12.262

7.97

P

30.9

042415_JC_1002_PEM

EV

1051

5551

1370

0

1.088

1.16

T

33.1

042115_JC_1001_PSS

EV

37

932

277

0

0.236

0.26

T

33.5

042115_JC_1003_PFO

EV

287

27491

15304

3211

3.916

1.62

P

34.4

042315_JC_1001_PFO

EV

1722

134107

87680

30677

16.305

9.07

P

34.6

042315_JC_1002_PEM

EV

88

328

61

0

0.255

0.63

T

36.5

050615_JC_1002_PFO

EV

33

4019

2263

1137

0.324

--

P

36.6

050615_JC_1001_PFO

Other

136

8948

6416

3977

0.648

4.84

P

37.5

061615_DB_1001_PEM

EV

59

555

267

0

0.182

0.21

T

39.6

061615_DB_1004_PEM

EV

158

1381

631

0

0.151

0.15

T

39.6

061715_DB_1002_PFO

EV

39

3123

1737

1147

0.168

0.17

P

40.1

081915_MK_045_PEM

EV

0

435

257

0

0.029

0.03

T

44.2

061715_DB_1001_PSS

EV

13

0

1762

0

0.117

0.12

T

45

052915_JC_1001_PEM

EV

31

2888

1692

0

0.179

0.18

T

45.6

051115_JC_1001_PEM

EV

39

563

363

0

0.258

0.15

T

48.1

090914_WA_001_PSS

EV

53

2601

2286

1578

0.221

0.22

P

48.1

090914_WA_002_PSS

EV

22

1057

860

577

0.024

0.02

P

49

072315_JC_1001_PFO

EV

562

39279

27917

16840

3.416

3.56

P

49

072215_JC_1001_PSS

EV

546

59092

32969

17576

10.150

10.15

P

49.3

072215_JC_1002_PFO

EV

217

5927

4843

2564

0.419

0.42

P

15.66
15.87

9.84
9.99

4.69
4.79

Carbon County Subtotal, Applicant EV only (acres)
Carbon County Total, EV + Other (acres)
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Acres Delineated

41

3239

2049

0

0.092

0.09

T

60.6

090314_DB_004_PEM

EV

60

4658

3222

0

0.129

0.13

T

61.5

111214_JC_003_PEM

EV

2

2

0

0

0.023

0.02

T

72.1

092614_GO_002_PFO

EV

78

9021

4799

2506

1.605

1.62

P

Wetland ID

Crossing Width (ft)

Const.
ROW

Perm.
ROW

Impact Type T or P

Acres in Survey Area

EV

Square Feet Affected

Northampton County
090414_DB_008_PEM

Value Classification

59.2

Milepost

Square feet of PFO and PSS
Conversion Within
30-foot Maintained ROW

TABLE 3. Impacts to Exceptional Value Wetlands (concluded).

72.5

051415_JC_1002_PFO

EV

20

40

0

0

0.064

0.06

T

72.6

051415_JC_1001_PEM

EV

6

414

414

0

0.010

0.01

T

72.7

042815_JC_1001_PFO

EV

1162

59387

43641

27091

3.744

3.74

P

72.9

042815_JC_1002_PEM

EV

153

9808

7418

0

0.914

--

T

73.5

010615_JC_001_PFO

EV

381

26435

18166

11232

2.094

2.10

P

74.9

062415_BT_1002_PEM

EV

108

6592

4956

0

0.829

0.87

T

75.7

111314_JC_003_PFO

EV

57

718

457

111

0.191

0.19

P

1.95
1.95

0.94
0.94

Northampton County Subtotal, Applicant EV only (acres) 2.76
Northampton County Total, EV + Other (acres)
2.76

No Exceptional Value Wetland impacts proposed in Bucks County.

Pennsylvania PennEast Pipeline Route, Total
Applicant EV only (acres)
EV + Other (acres)

22.14
23.61

14.18
15.05

6.92
7.24

NOTE: The eight "Other" wetlands highlighted in red above actually are Exceptional
Value Wetlands, but were misclassified by the applicant, see text.
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Luzerne

MP 17.7
MP 22.7
MP 36.6
MP 18.35

112014_JC_001_PFO
102115_WA_003_PFO
050615_JC_1001_PFO
PEM not identified -

Luzerne

MP 18.35

PFO not identified -

Luzerne
Luzerne
Carbon

criterion iii per Delin. Table
wild trout waters, criterion iii
wild trout waters, criterion iii
wild trout waters, criterion iii

see Area A in Appendix

wild trout waters, criterion iii

see Area A in Appendix

The applicant reports a total of 26.51 acres of temporary wetland disturbance in the
Pennsylvania section of the pipeline ROW, see Table 1. Most of that disturbance involves
Exceptional Value Wetlands: 22.14 acres (according to the applicant's acknowledged
Exceptional Value Wetlands) or 23.61 acres according to our partial corrections which
include 8 applicant-identified wetlands in the list above (see also Table 3).
Similarly, the applicant reports a total of 16.14 acres of permanent ROW wetland
disturbance in Pennsylvania (see Table 1). Most of that disturbance involves Exceptional
Value Wetlands: 14.18 acres (according to the applicant's acknowledged Exceptional
Value Wetlands) or 15.05 acres according to our partial corrections which include 8
applicant-identified wetlands in the list above (see also Table 3).
The applicant reports a total of 7.93 acres of permanent conversion of woody wetland
vegetation (either forest or scrub) to herbaceous wetland in the 30-foot wide4 section of the
ROW to be maintained permanently (see Table 1). Here again, most of that impact
involves Exceptional Value Wetlands: 6.92 acres (according to the applicant's
acknowledged Exceptional Value Wetlands) or 7.24 acres according to our partial
corrections which include 8 applicant-identified wetlands in the list above (see also Table
3). For a more comprehensive discussion of the effects of converting wetlands from
woody to herbaceous vegetation, please see our 2014 report prepared as part of a review
of another pipeline project5.
All of the above Exceptional Value Wetland impact numbers must be viewed as provisional.
They do not account for the 32 instances (in red on Table 3) where the applicant's reported
acreage differs between its Delineation table and its Impact table, so the totals likely could
be higher. The total impacts to Exceptional Value Wetlands undoubtedly will be higher once
wetlands have been field-delineated in the 19+ miles of the PennEast Pipeline route that
have not yet been examined by the applicant (see above).
The currently-acknowledged impacts to Exceptional Value Wetlands are significant:
- 22 to 24 acres of temporary ROW clearing/disturbance
- 14 to 15 acres of permanent ROW maintenance
- about 7 acres of permanent conversion from woody to herbaceous vegetation.
4

In some parts of the PennEast applications, the permanently-maintained section of the 50-foot ROW easement is
claimed to be limited to 10 feet in width in wetlands (page 80, Joint Permit Application Alternatives Analysis, February
2016), but elsewhere it is noted to be 30 feet in width (wetland Impact table, Appendix G, Water Quality Certification
application). This discrepancy must be resolved by PADEP.
5
Schmid & Company, Inc. 2014. The effects of converting forest or scrub wetlands to herbaceous wetlands in
Pennsylvania. Prepared for the Delaware Riverkeeper Network, Bristol PA. Media PA. 48 p.
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None of the proposed impacts to Exceptional Value Wetlands (which as discussed above
are also EV Waters) has been evaluated by the applicant in terms of compliance with the
Pennsylvania antidegradation requirements prescribed at 25 Pa. Code Chapter 93.
According to the PADEP Water Quality Antidegradation Implementation Guidance
(Technical Guidance Document 391-0300-002; 29 November 2003; page 39) existing
uses must be maintained and protected whenever an activity (including construction) is
proposed which may affect a surface water. Before it issues any permit, the PADEP must
ensure that none of the impacts to EV Waters (including Exceptional Value Wetlands) will
result in any degradation of water quality.
After a permit is issued, the cited Technical Guidance Document (on page 65) says "If
degradation is detected, the discharger will be required to implement corrective actions....".
However, unless full biological inventory first has been recorded prior to permitting,
followed by permit condition-required post-construction monitoring and reporting, there can
be no mechanism to implement this regulatory claim that actual degradation will be even
recognized, much less "corrected".
According to the PADEP Water Quality Antidegradation Implementation Guidance (page
60) limited activities that result in temporary and short-term changes in the water quality of
Exceptional Value Waters can be allowed, but only if all practical means of minimizing
such degradation will be implemented. It is not clear that all of the proposed PennEast
Pipeline impacts to Exceptional Value Wetlands have been avoided or minimized to the
maximum extent possible.
There are at least two common practices currently used by proponents of pipeline projects
in Pennsylvania to avoid or minimize impacts to Exceptional Value Wetlands, neither of
which has been proposed in the PennEast application. One is to simply route the pipeline
around Exceptional Value Wetlands in order to avoid them. While avoidance of wetlands
is mentioned as a general consideration in the pipeline siting and alternatives analysis,
specific areas where identified Exceptional Value Wetlands were avoided is not discussed.
The use of Horizontal Directional Drilling (HDD) is a pipeline installation practice that can
avoid or greatly minimize disturbances to sensitive resources on the ground surface by
boring beneath them. HDD is proposed in only a few locations along the PennEast
pipeline route. Of 100 proposed wetland impacts listed on the applicant's Impact table,
only 3 involve use of the HDD method. Of the 54 proposed impacts to Exceptional Value
Wetlands on the applicant's Impact table, only 2 involve use of the HDD method. Similarly,
only 6 of the 76 stream impacts proposed will involve HDD, and only 1 of them (out of 11)
involves an Exceptional Value Water.
One of the longest proposed wetland crossings involves an Exceptional Value Wetland
associated with EV-designated Stony Creek near the western edge of Hickory Run State
Park (Figure 2, see also Area E in Appendix). The length of wetlands to be crossed at this
location might be reduced if the proposed pipeline were to be sited to the west, rather than
to the east, of the existing pipeline. This impact also might be reduced if the HDD method
were to be used, rather than as an "open cut" as proposed. Before it issues any permit,

10
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FIGURE 2. Proposed crossing of Exceptional Value Wetlands at Area E (see Appendix)
near Milepost 34.6, where the impact possibly could be reduced by a minor shift in the
alignment or by use of the HDD method instead of an open cut.

Photo, right 

Applicant's Wetland Sheet 71 (left) shows the
proposed pipeline (light green line) from about MP
34.5 to MP 34.9, where a long crossing of a very high
quality forested wetland (dark green, see also photo
above) and emergent wetland (orange) is proposed on
the east side of the existing pipeline ROW. The
wetlands are Exceptional Value Wetlands based on
their association with EV-designated Stony Creek.
This wetland impact could be minimized by siting the
route here to the west of the existing pipeline and
crossing a smaller section of the large NWI wetland
(green, below), or by use of HDD.

Hickory Run State Park

NWI wetland

Stony Creek
(EV)
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the PADEP must ensure that all proposed impacts to Exceptional Value Wetlands and
Waters have been avoided or minimized to the maximum extent possible.
The Pennsylvania Department of Conservation and Natural Resources (DCNR) had
requested6 that the applicant's wetland delineations be extended additional distances
beyond the typical 400-foot wide Study Area in lands controlled by the State where countymapped hydric soils or USFWS-mapped NWI wetlands exist; they requested that in those
areas additional wetland delineations should extend 200 feet beyond the proposed limit of
disturbance. Those additional areas of wetland do not appear to have been delineated --see for example Figure 3, where county-mapped hydric soils (LtA, SmB) extend a
considerable distance beyond both sides of the ROW, but the applicant's wetland
delineation ends very near the limit of disturbance, particularly to the west. Before it issues
any permit, the PADEP must ensure that these and similar concerns of DCNR and the
other resource agencies have been adequately addressed.
None of the notes on the E&S Plan drawings mentions any special measures to be
employed in or near EV or HQ waters or Exceptional Value Wetlands. The only mention of
buffers at all is the general note: "AT STREAM CROSSINGS, 50' BUFFER AREAS SHOULD BE
MAINTAINED", but even that is not especially informative regarding the sort of
"maintenance" that the applicant is proposing7.
The applicant acknowledges that perennial and intermittent waters in Exceptional Value
and High Quality ("Special Protection") watersheds have 150-foot wide riparian buffers
regulated in accordance with Pa. Code Chapter 1028. Yet project drawings do not identify
any existing or proposed riparian buffers around any EV or HQ waters. Project drawings
depict a line drawn 50 feet from the edge of each waterway showing the "approximate
100-year floodway", which simply identifies the default floodway around all watercourses
regardless of their Special Protection status (see Figure 3). The applicant notes that
pipeline construction is an allowable activity per §102.14(f)(2)(ii), and that it intends to
comply with the applicable requirements, but offers no specifics. Since the applicant does
not even identify riparian buffers on its project drawings, it clearly has no intention of
protecting them or attempting to minimize impacts within them. Before it issues any
permit, the PADEP must ensure that all wetlands, and especially Exceptional Value
Wetlands, located within Chapter 102 riparian buffers of HQ and EV waters are protected
to the maximum extent practicable.

6

Summary of Initial Concerns For a Pre-Survey Meeting March 18, 2015, PennEast Pipeline Project, Pennsylvania
Department of Conservation and Natural Resources, 14 pages.
7
It is unclear how relevant these E&S Plan Drawing Notes are for the PennEast Pipeline inasmuch as it states, on page
2 of 3 in the section entitled "Additional County Conservation District Notes" that "IN THE EVENT OF SINKHOLE
DISCOVERY A PROFESSIONAL GEOLOGIST OR ENGINEER WILL BE CONTACTED CONCERNING MITIGATION. ADDITIONALLY,
THE LEHIGH COUNTY CONSERVATION DISTRICT WILL BE MADE AWARE OF THE SINKHOLE DISCOVERY IMMEDIATELY."

[Boldface added for emphasis.] The PennEast Pipeline does not pass through Lehigh County.
8
Erosion and Sediment Control Plan Narrative, PennEast Pipeline Project, Application for PA Chapter 102 Erosion and
Sediment Control General Permit - 2, February 2016, 120 pages.
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FIGURE 3. Example of major discrepancies regarding Exceptional Value Wetlands near
Milepost 36.6 of the proposed PennEast Pipeline project in Weiser State Forest.

Wetland Sheets 74, 75
The drawing above, from the applicant's wetland delineation report, identifies two small and
separately-numbered PFO wetlands. The applicant's E&S plan drawing below shows the
same area, but with the two small wetlands connected and the one to the right (south)
significantly larger [note, too, that mapped hydric soils LtA and SmB encompass an even
larger area, but the delineation of wetlands has not been extended to 200 feet beyond the limit
of disturbance (white lines in figure below) as requested by DCNR]. The applicant's impact
calculations apparently were prepared based on the drawing above, because only two very
short (33' and 136') wetland crossings are acknowledged when in fact the crossing here will
total about 1,000 feet in length. (Properties where access was not granted to the applicant are
denoted by red cross-hatching, as in the lower left of the figure above.)
NOTE: This location corresponds with field-inspected Area G.

default 50-foot wide floodway limit



E&S Drawing 74
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The applicant claims9
it was not possible to protect, convert, or establish a riparian buffer or
riparian forest buffer to satisfy the antidegradation requirements of
§102.4(b)(6) for the proposed earth disturbances
because it does not own the land on which the pipeline will be constructed and because
the existing landowners would not accept deed restrictions, conservation easements, or
other mechanisms to protect the buffers into the future. No support for these claims is
provided, and they appear to be gross generalizations that are unlikely to apply to every
landowner along the 79.5-mile route in Pennsylvania. The PADEP should request
documentation of these statements. Furthermore, while we recognize the applicant's
claimed need to maintain a narrow (10 or 30 feet wide, see footnote 4 above),
permanently-cleared area above the pipeline, the PADEP should require, as a condition of
permit approval, that PennEast reestablish a forested riparian buffer wherever an existing
one must be removed temporarily to allow construction, and to maintain that forested
riparian buffer within its ROW in order to protect and enhance the quality of the associated
Special Protection waters.
Impacts to Exceptional Value Wetland Functions
According to Pa. Code Chapter 105.13(e)(3), an application for a project that will affect an
Exceptional Value wetland or more than 1 acre of wetlands must include, among other
things, "an assessment of the wetland function and values". No such assessment was
included in the Chapter 105 permit applications for the PennEast Pipeline, despite the fact
that the applicant acknowledges more than 14 acres of permanent disturbance to
Exceptional Value Wetlands, including nearly 7 acres of permanent conversion of woody to
herbaceous wetland vegetation.
The definition of "wetland functions" at §105.1 is as follows:
Wetland functions --- Include, but are not limited to, the following:
(1) Serving natural biological functions, including food chain production; general
habitat; and nesting, spawning, rearing and resting sites for aquatic or land species.
(2) Providing areas for study of the environment or as sanctuaries or refuges.
(3) Maintaining natural drainage characteristics, sedimentation patterns, salinity
distribution, flushing characteristics, natural water filtration processes, current patterns
or other environmental characteristics.
(4) Shielding other areas from wave action, erosion or storm damage.
(5) Serving as a storage area for storm and flood waters.
(6) Providing a groundwater discharge area that maintains minimum baseflows.
(7) Serving as a prime natural recharge area where surface water and groundwater are
directly interconnected.
(8) Preventing pollution.
(9) Providing recreation.

9

Section 8.1.4 in Erosion and Sediment Control Plan Narrative, see footnote above.

12

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

In the PennEast Environmental Assessment Table 1.5-1 (reproduced below), the applicant
lists various ecological functions of the wetlands and waterbodies it delineated along the
pipeline route. The wetland functions listed by the applicant do not correspond exactly
with the nine functions listed in §105, so we have added a column (numbers in blue) to
relate the two.

per
§105



1
1
1
1
1
1
2
2
6
7
4,5
3,8
3
3,8
3
3
9

According to the applicant, none of the three wetland types (PEM, PFO, and PSS)
provides "spawning habitat" (part of §105 function #1) or "salinity distribution" (part of §105
function #3). Otherwise, all of the listed functions except for one ("protected species
habitat", for PSS) is checked for all of the wetland types. Presumably, each of the
applicant-delineated wetlands provides all of the applicant-noted functions equally,
because nothing to the contrary is mentioned by the applicant and the individual applicantdelineated wetlands are not separately characterized by function.
Without an identification of the individual wetland functions (which typically would be found
in Enclosure C of the Environmental Assessment), the applicant cannot assess (and has not
assessed) the effects of project activities on the wetlands, and particularly on the
Exceptional Value Wetlands (the assessment of impacts typically would be found in
Enclosure D of the Environmental Assessment). Furthermore, without an identification and
assessment of individual wetland functions impacted by the proposed project, there is no
rational basis for determining the appropriateness of any proffered wetland mitigation to
offset the wetland losses. For each wetland we inspected (see Appendix) we discuss its
wetland functions and the effects of the proposed PennEast Pipeline project on those
functions.

13
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EXISTING USES OF STREAMS
The Pennsylvania Department of Environmental Protection is required by 25 Pa. Code
§93.4c(a)(1)(i) to protect the existing uses of surface waters and is required by 25 Pa.
Code §93.4c(a)(1)(iv) to make a final determination of existing use protection for surface
waters as part of every final permit or approval action. According to the PADEP Chapter
105 permit application for the PennEast Project (Environmental Assessment Enclosure C,
page 2-28), 58 of the streams within the Study Area currently are designated as HQ and
11 are designated as EV. Some of those designated as HQ, particularly those which are
first or second order streams and which are in undisturbed forested condition, may actually
be attaining EV existing use, and if so, they must be protected at that higher use.
Enclosure C of the applicant's Environmental Assessment (page 2-8) notes that applicant's
reported existing uses of streams were based on an online review of GIS data published
by PADEP and the Pennsylvania Fish & Boat Commission, and thus not on any detailed
original macroinvertebrate studies conducted in streams to be crossed by the proposed
pipeline project.
There is no indication that the applicant conducted any analysis of the existing use of any
of the HQ-designated streams to be impacted by the approved activities. If any of those
HQ-designated streams in fact have EV existing uses, any wetlands within their floodplains
are Exceptional Value Wetlands. It is the PADEP's responsibility to make the existing use
determinations of streams, based at least in part on information provided by the applicant.
In this case, the applicant has failed to provide the information necessary for timely
decisionmaking by the PADEP.

POTENTIAL BOG TURTLE HABITAT
In Pennsylvania, the bog turtle is listed as "endangered", the category of rare species
accorded the highest level of concern (Pa. Code Title 34, Chapter 21).
In its letter to the applicant dated 30 September 2014, the USFWS noted:
The project is within the known range of the bog turtle (Clemmys muhlenbergii), a
species that is federally listed as threatened. Particularly for this project, the species may
be found in Bucks, Northampton, and Carbon Counties.

USFWS further directed the applicant to identify, at minimum:
... all wetlands in, and within 300 feet of, the project area. The project area includes all
areas that will be permanently or temporarily affected by any and all project features...

This was not done. Wetlands were delineated within a 400-foot wide (total) study corridor
centered on the proposed centerline of the pipeline, meaning 200 feet in each direction
from the proposed pipeline. Additionally, proposed construction areas extend out from that
centerline, in some cases encompassing the entire width of the study corridor. To have
complied with the USFWS directive, wetlands should have been delineated within 300 feet
of the edge of any limit of proposed disturbance.
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During our field examination of wetlands, which primarily focused on publicly-owned or
accessible properties, we observed at least two wetlands that appear to consist of habitat
suitable for bog turtle (both in Carbon County, see Area C and Area E in Appendix). As
noted above, both of those wetlands already have been classified by the applicant as
exceptional value on the basis of other criteria, so the existence of bog turtle would not
change that classification, although it could (indeed, should) increase the level of their
protection. It is possible, however, that there are additional areas of bog turtle habitat, or
other threatened or endangered species of plants or animals, within the 16.88 miles of the
proposed pipeline route in Carbon, Northampton, and Bucks counties which have not yet
been investigated by the applicant.

SUMMARY
PennEast Pipeline Company, LLC proposes to construct, install, and operate 79.5 miles of
natural gas pipeline and associated facilities in Luzerne, Carbon, Northampton, and Bucks
counties in eastern Pennsylvania. Information provided by the applicant regarding the
existence of and potential impact to Exceptional Value Wetlands within the proposed Study
Area was examined for this report. Based on a review of that information, supplemented
by our own field inspection of specific publicly-available areas along the proposed pipeline
route, we have identified numerous issues of concern regarding wetlands, and in
particular, Exceptional Value Wetlands.
Some of the wetlands within the Study Area appear to have been incorrectly delineated or
identified in terms of size, cover type, or resource classification. Reported acreages of
wetlands differ, sometimes significantly, between different parts of the permit application.
All of the relevant criteria for classifying wetlands as "exceptional value" have not been
considered or applied. Study Area wetlands are not clearly flagged in the field and are not
ready for inspection by agency personnel. The applicant has not extended its wetland
delineations in additional areas within 200 feet of proposed disturbances, as requested by
PADCNR for State Parks and State Forests.
A significant omission in this application is the absence of any inventory characterization of
the functions and values of each wetland in the pipeline Study Area, or at minimum of each
wetland to be impacted. Moreover, there is no evaluation or assessment of the proposed
impacts on the functions and values of wetlands to be disturbed, including Exceptional
Value Wetlands.
Approximately 19.4 miles (24%) of the proposed pipeline Study Area had not been
investigated as of mid-May 2016, and there is a high probability that additional wetlands
exist in those areas, some of which are Exceptional Value Wetlands. Even in areas where
delineations already have been done there may be additional Exceptional Value Wetlands,
but they have not been identified as such because no "existing use" analysis of streams
has been done. Additional bog turtle determinations need to be made, at minimum in the
16.88 miles of the proposed pipeline route that have yet to be investigated in the 3
counties where potential bog turtle habitat are known to exist. Each of these concerns
needs to be addressed by the regulatory agencies before any permits are issued.

15
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AUTHORSHIP
This report was prepared by Stephen P. Kunz with the assistance of James A. Schmid.
Both are senior ecologists with Schmid & Company, Inc. Mr. Kunz has worked full-time as
a private sector ecological consultant since receiving a degree in human ecology from
Rutgers University in 1977. Dr. Schmid is a biogeographer with more than 40 years of
experience in ecological consulting. He received his BA from Columbia College and his
MA and PhD from the University of Chicago. Both Mr. Kunz and Dr. Schmid are certified
as Senior Ecologists by the Ecological Society of America and as Professional Wetland
Scientists by the Society of Wetland Scientists.
Mr. Kunz and Dr. Schmid offer outstanding credentials as experts in ecology, wetlands,
environmental regulation, and impact assessment. They have analyzed the environmental
impacts of many kinds of proposed development activities in numerous states, including
pipeline facilities, coal mining projects, industrial facilities, transportation facilities,
commercial developments, and residential developments. They have written
Environmental Impact Statements under contract to the US Environmental Protection
Agency, Army Corps of Engineers, Interstate Commerce Commission, various agencies of
State and local governments, and a diverse array of private sector entities. They also
have commented on and prepared analyses of state and federal environmental
regulations.

16

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

APPENDIX
PennEast Pipeline
Field-Inspected Areas

On 9 May and 12 May 2016, experienced ecologists from Schmid and
Company, Inc. conducted field inspections at selected areas along the
proposed PennEast pipeline route in Pennsylvania. The purpose of the
inspections was to spot-check the accuracy of the applicant's delineations
of wetlands within the pipeline corridor Study Area.
Each of the nine locations investigated (Areas A through I, see Figure 4) is
presented on the following pages. For each Area, a listing of certain
relevant facts provided by the applicant is given first, followed by a
discussion of our observations. Also provided is a listing of the nine §105
wetland functions with those associated with the subject wetlands identified
and the impacts summarized. Finally, each Area is shown in a graphic
excerpted from the applicant's Wetland Delineation Report and one from its
E&S Plan.
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Luzerne County

Carbon County

FIGURE 4. Locations of Areas A through I (with associated Milepost noted) along the
proposed PennEast Pipeline where field inspections were made for this report,
May 2016. Streams outlined in pink are EV streams. Stream segments shown by
red dash lines are Class A or Wild Trout Waters. Other categories of streams are
not shown. Stream data obtained from Pennsylvania Spatial Data Access
(http://www.pasda.psu.edu/)
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Area A

Little Shades Creek, Bear Creek Township, Luzerne County

Facts:
- between MP 18.3 and 18.4
- Applicant's 1/5/2016 Wetland Sheet 39 of 151, Applicant's 02/2016 E&S Dwg 37
- south of PA Route 2038
- within State Game Lands #91
- Little Shades Creek -- perennial stream
- designated HQ-CWF
- designated Wild Trout Stream (naturally reproducing wild trout)
- second delineated perennial stream (UNT to Little Shades Creek)
- both streams to be crossed/impacted per map
- two small wetlands are delineated (as PSS) within Study Area, but not within the
disturbance area -- both are listed as EV (associated with Little Shades Creek).
Wetlands identified in Study Area by applicant:
110315-GM-1001-PSS 0.05 ac. per delin. table. No impact proposed.
110315-GM-1001b-PSS 0.01 ac. per delin. table. No impact proposed.
Total applicant-reported wetland disturbance: None.

Observations:
Wetlands here have been under-identified and mischaracterized. The wetlands identified as PSS
in fact are PFO wetlands, and they extend into the proposed areas of disturbance. The soils
mapped along the Creek at the proposed crossing (WmB and OpD) are map units with known
inclusions of hydric soils. The proposed pipeline is located south of and adjacent to an existing
petroleum pipeline, and both of the pipelines are located to the southwest of and adjacent to a
recently-installed PPL electric transmission line. The applicant-mapped width of Little Shades
Creek here --- more than 100 feet wide at the proposed crossing --- is considerably wider than it is
in areas just upstream and downstream. This is because much of what is mapped as waterbody
should in fact be classified as PEM wetland. Creek water has spread out as a result of beaver dam
building activity. The beaver dam is very leaky, however, so water flow is retarded, but not
blocked altogether. This has caused the standing water to expand beyond the normal channel of
the Creek and create shallow-water PEM wetlands. These wetlands have not been acknowledged
as wetlands by the applicant.
The application identifies no wetland impacts at this location, but does acknowledge 2 stream
crossings (one 105' in length, the other 19' in length). The applicant-calculated permanent impact
associated with the longer stream crossing is 10 times as much (0.120 ac. vs. 0.012 ac.) as the
applicant-calculated temporary impact. The E&S drawing shows a 75-foot wide disturbance area
at the stream crossings (105' x 75' = 7,875 SF, 0.181 ac.); the impact shown on the drawing (0.181
acre) is larger than the 0.120 acre impact acknowledged by the applicant.
The proposed stream/wetland crossing will destroy the existing beaver dam. More significantly,
the existing wetlands along the southeastern side of the Creek that have not been delineated will be
impacted by the proposed crossing. These wetlands, and in particular those within at least 50 feet
from the edge of the Creek, are Exceptional Value Wetlands per PA Code Chapter 105
(association with designated wild trout waters), which makes them EV waters per PA Code
Chapter 93. The apparent impacts to these Exceptional Value Wetlands, about 0.25 acre, have not
been recognized by the applicant or by PADEP.
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Area A
Wetland Functions:
☑ (1) Serves natural biological functions
- food chain production
- general habitat
- nesting, spawning, rearing, and resting sites
for aquatic or land species.
☑ (2) Provides areas for study of the environment
or as sanctuaries or refuges.
☑ (3) Maintains natural drainage characteristics,
sedimentation patterns, salinity distribution,
flushing characteristics, natural water filtration processes,
current patterns or other environmental characteristics.
☑ (4) Shields other areas from wave action, erosion, or storm damage.
☑ (5) Serves as a storage area for storm and flood waters.
☑ (6) Provides a groundwater discharge area
that maintains minimum baseflows.
(7) Serves as a prime natural recharge area where surface water
and groundwater are directly interconnected.
☑ (8) Prevents pollution.
☑ (9) Provides recreation.

Related info:
Little Shades Ck.

beaver
SGL 91

Little Shades Ck.
Little Shades Ck.
Little Shades Ck.

SGL 91

Each of these ☑ functions will be diminished by the temporary disturbance of an estimated 0.25
acre of Exceptional Value Wetlands, by the permanent disturbance of an estimated 0.10 acre of
Exceptional Value Wetlands, and by the permanent conversion/maintenance of 0.05 acre of
forested Exceptional Value Wetlands to herbaceous wetlands.

[Note, calculations thus:
Start with estimated 0.25 acre disturbed. Temp. disturbance in 75' ROW means it
would need to be a 145' crossing: 75' x 145' = 0.25 ac. So the permanent 50-foot wide
ROW would be 50' x 145' = 0.10 ac. The PFO to PEM conversion in the 30-foot
ROW would be 30' x 145'' = 0.05 ac.]
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Applicant's Wetland Delineation Sheet 39

AREA A

Applicant's E&S Drawing 37
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Area B

Shades Creek, Bear Creek Township, Luzerne County

Facts:
- between MP 19.6 and 19.8
- Applicant's 1/5/2016 Wetland Sheet 41, Applicant's 02/2016 E&S Dwg 40
- south of Route 115 (Bear Creek Boulevard)
- within Natural Lands Trust "Bear Creek Preserve"
- Shades Creek -- perennial stream (just upstream from its confluence with Little Shades Creek)
- designated HQ-CWF
- designated Class A Wild Trout Stream
- several other delineated streams (UNT) flowing into it
- existing PFO and PEM (in existing pipeline ROW) wetlands delineated nearby - two impacts
identified to PFO wetlands for proposed crossing
- Summary table classifies the 2 wetlands here as PEM (0.72 ac, 0.60 ac), both listed as EV
Wetlands identified in Study Area by applicant:
121614-JC-001-PFO 0.60 ac. per delin. table. The impact table shows two crossings
of the wetland here: PFO (1) and PFO (2), each listed as 0.58 ac.
121614-JC-001-PEM 0.72 ac. per both the delineation table and the impact table
Total reported wetland disturbance:
0.34 ac.
Perm. ROW wetland disturbance reported: 0.24 ac.
Conversion PFO to PEM reported:
0.14 ac.

Observations:
The PFO wetland is incorrectly identified as having a PEM wetland cover type in the delineation
table.
The existing extent of the identified wetlands appears to be accurately mapped here. The Ln
(Linden) soil type which encompasses this area has known component inclusions of Holly soil, a
hydric soil.
The construction corridor/LOD is proposed to be reduced to 50 feet in width where it crosses the
wetlands and stream here (elsewhere nearby it is 100 feet in width).
Three wetland crossing impacts are identified on the drawings - two of the PFO wetland, and one
of the PEM wetland. All of them are acknowledged as being Exceptional Value Wetland impacts.
The PEM impact appears to be overstated
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Area B
Wetland Functions:
☑ (1) Serves natural biological functions
- food chain production
- general habitat
- nesting, spawning, rearing, and resting sites
for aquatic or land species.
☑ (2) Provides areas for study of the environment
or as sanctuaries or refuges.
☑ (3) Maintains natural drainage characteristics,
sedimentation patterns, salinity distribution,
flushing characteristics, natural water filtration processes,
current patterns or other environmental characteristics.
☑ (4) Shields other areas from wave action, erosion, or storm damage.
☑ (5) Serves as a storage area for storm and flood waters.
☑ (6) Provides a groundwater discharge area
that maintains minimum baseflows.
(7) Serves as a prime natural recharge area where surface water
and groundwater are directly interconnected.
☑ (8) Prevents pollution.
☑ (9) Provides recreation.

Related info:
Shades Ck.

NLT "Bear Creek Preserve"

Shades Ck.
Shades Ck.
Shades Ck.

NLT "Bear Creek Preserve"

Each of these ☑ functions will be diminished by the temporary disturbance of 0.34 acre of
forested Exceptional Value Wetlands, by the permanent disturbance of 0.24 acre of forested
Exceptional Value Wetlands, and by the permanent conversion/maintenance of 0.14 acre of
forested Exceptional Value Wetlands to herbaceous wetlands.
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AREA B
Applicant's Wetland Delineation Sheet 41

Applicant's E&S Drawing 40
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Area C

Laurel Run/Hawk Run, Kidder Township, Carbon County

Facts:
- between MP 30.8 and 31.2
- Applicant's 1/5/2016 Wetland Sheet 64, Applicant's 02/2016 E&S Dwgs 62-63
- north of Route 534
- within Hickory Run State Park
- delineated streams in wetland in ROW are headwaters of Laurel Run (to the east) and Hawk Run
(to the west) - both designated HQ-CWF
- Hawk Run is a designated Class A Wild Trout Stream
- Laurel Run is a designated Wild Trout Stream (naturally reproducing wild trout)
- very large delineated PFO wetland (7.97 ac) EV
- PEM wetland in existing pipeline ROW (1.16 ac) EV
Wetlands identified in Study Area by applicant:
042415-JC-1001-PFO 7.97 ac. per delin. table; 12.26 ac. per impact table
042415-JC-1002-PEM 1.16 ac. per delin. table; 1.09 ac. per impact table
Total reported wetland disturbance:
2.91 ac.
Perm. ROW wetland disturbance reported: 1.95 ac. (permanent ROW apparently 50' wide)
Conversion PFO to PEM reported:
1.17 ac.

Observations:
There are discrepancies in the acreage of the two wetlands between that reported in the Study Area
per the wetland Delineation table and per the wetland Impact table --- a very significant
discrepancy for the PFO wetland (7.97 acres vs 12.26 acres, although they look to be the same size
and configuration on the Delineation drawing and the E&S drawing). Both the PFO and PEM
wetlands are acknowledged by the applicant to be Exceptional Value Wetlands.
The construction corridor/LOD is proposed to be reduced to 50 feet in width where it crosses the
wetlands and stream here (elsewhere nearby it is 100+ feet in width).
The wetland delineation extends only 100' (to the east) and 125' (to the west) of the limit of
disturbance (total Study Area corridor is less than 300 feet wide).
Two wetland crossing impacts are identified on the drawings - one of the PFO wetland, and one of
the PEM wetland. Both of them are acknowledged as being Exceptional Value Wetland impacts.
The large wetland complex that encompasses the pipeline construction corridor here actually may
be considerably larger, based on mapped hydric soils which continue about 0.75 mile to the north
beyond the delineated limit of this wetland. Also, there are areas of soft mucky substrate in the
wetland in the existing ROW, and in nearby woods, which appear to consist of bog turtle habitat.
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Area C
Wetland Functions:
☑ (1) Serves natural biological functions
- food chain production
- general habitat
- nesting, spawning, rearing, and resting sites
for aquatic or land species.
☑ (2) Provides areas for study of the environment
or as sanctuaries or refuges.
☑ (3) Maintains natural drainage characteristics,
sedimentation patterns, salinity distribution,
flushing characteristics, natural water filtration processes,
current patterns or other environmental characteristics.
☑ (4) Shields other areas from wave action, erosion, or storm damage.
☑ (5) Serves as a storage area for storm and flood waters.
☑ (6) Provides a groundwater discharge area
that maintains minimum baseflows.
(7) Serves as a prime natural recharge area where surface water
and groundwater are directly interconnected.
☑ (8) Prevents pollution.
☑ (9) Provides recreation.

Related info:
Laurel Run/Hawk Run

Hickory Run SP

Laurel Run/Hawk Run
Laurel Run/Hawk Run
Laurel Run/Hawk Run

Hickory Run SP

Each of these ☑ functions will be diminished by the temporary disturbance of 2.91 acres of
forested Exceptional Value Wetlands, by the permanent disturbance of 1.95 acres of forested
Exceptional Value Wetlands, and by the permanent conversion/maintenance of 1.17 acres of
forested Exceptional Value Wetlands to herbaceous wetlands.
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AREA C
Applicant's Wetland Delineation Sheet 64

Applicant's E&S Drawings 62-63
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Area D

Mud Run, Penn Forest Township, Carbon County

Facts:
- MP 33.1
- Applicant's 1/5/2016 Wetland Sheet 68, Applicant's 02/2016 E&S Dwg 67
- north of Route 903, near Weiler Road
- within Hickory Run State Park
- Mud Run (HQ-CWF) is designated Wild Trout Stream (naturally reproducing wild trout)
- UNT to Mud Run delineated just south of Mud Run does not appear to be a wild trout water.
- PSS wetland is delineated along UNT to Mud Run (0.26 ac), listed as EV
Wetlands identified in Study Area by applicant:
042115-JC-1001-PSS 0.26 ac. per delin. table; 0.24 ac. per impact table
Total reported wetland disturbance:
0.02 ac.
Perm. ROW wetland disturbance reported: 0.01 ac.
Conversion PSS to PEM reported:
0.00 ac.

Observations:
The PSS wetland appears to be accurately delineated and is identified as being to an Exceptional
Value Wetland.
No other wetlands are apparent along either side of Mud Run here.
Several ephemeral streams or ditches were delineated along the slope between Route 903 and Mud
Run - none of them appears to be associated with Exceptional Value Wetlands.
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Area D
Wetland Functions:
☑ (1) Serves natural biological functions
- food chain production
- general habitat
- nesting, spawning, rearing, and resting sites
for aquatic or land species.
☑ (2) Provides areas for study of the environment
or as sanctuaries or refuges.
☑ (3) Maintains natural drainage characteristics,
sedimentation patterns, salinity distribution,
flushing characteristics, natural water filtration processes,
current patterns or other environmental characteristics.
☑ (4) Shields other areas from wave action, erosion, or storm damage.
☑ (5) Serves as a storage area for storm and flood waters.
☑ (6) Provides a groundwater discharge area
that maintains minimum baseflows.
(7) Serves as a prime natural recharge area where surface water
and groundwater are directly interconnected.
☑ (8) Prevents pollution.
☑ (9) Provides recreation.

Related info:
Mud Run

Hickory Run SP

Mud Run
Mud Run
Mud Run

Hickory Run SP

Each of these ☑ functions will be diminished by the temporary disturbance of 0.02 acre of scrub
Exceptional Value Wetlands, and by the permanent disturbance of 0.01 acre of scrub Exceptional
Value Wetlands.
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Applicant's Wetland Delineation Sheet 68

AREA D

Applicant's E&S Drawing 67
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Area E

Stony Creek, Penn Forest Township, Carbon County

Facts:
- MP 34.4 to 34.7
- Applicant's 1/5/2016 Wetland Sheet 71, Applicant's 02/2016 E&S Dwg 70
- near Route 903, just east of N. Sycamore Drive
- within Hickory Run State Park
- Stony Creek is designated EV
- Stony Creek is designated Wild Trout Stream (naturally reproducing wild trout)
- another stream delineated (UNT to Stony Creek) also appears to be EV
- large PFO wetland (9.07 ac) listed as EV
- two PEM wetlands identified in this vicinity (0.63 ac, 0.10 ac) both listed EV
Wetlands identified in Study Area by applicant:
042315-JC-1001-PFO 9.07 ac. per delin. table; 16.31 ac. per impact table
042315-JC-1002-PEM 0.63 ac. per delin. table; 0.26 ac. per impact table
042315-JC-1003-PEM 0.10 ac. per delin. table (no impact proposed)
Total reported wetland disturbance:
3.09 ac.
Perm. ROW wetland disturbance reported: 2.01 ac.
Conversion PFO to PEM reported:
0.70 ac.

Observations:
This wetland crossing is one of the longest (1,810 linear feet, counting both the PFO and the PEM)
of Exceptional Value Wetlands along the Pennsylvania section of the proposed PennEast Pipeline
route. This crossing also is one of the largest in terms of wetland acreage affected (3.09 acres).
These wetlands are acknowledged by the applicant to be Exceptional Value Wetlands (per Chapter
105); thus they also are EV Waters (per Chapter 93). For two of the wetlands in the Study Area
(see above) there are significant discrepancies in the applicant's reported acreage between the
wetland Delineation table and the wetland Impact table --- a discrepancy of more than 7 acres for
the PFO wetland.
The wetlands here appear to be of very high quality (see Figure 2) and are accurately identified as
Exceptional Value Wetlands/waters. The wetlands appear to be accurately mapped on the
applicant's wetland delineation and E&S drawings. The smaller of the two PEM wetlands is just
outside the proposed pipeline construction ROW. The larger PEM wetland and the nearby
sections of the wooded (PFO) wetland appear to have soft mucky areas suitable as bog turtle
habitat.
The wetland crossing here is almost entirely wooded. The applicant's estimate of 0.70 acre of
conversion of PFO to PEM wetlands appears too low; it appears to assume a permanently cleared
corridor 18 feet wide, but elsewhere that corridor is proposed to be 30 feet wide. Using 30 feet,
the conversion would be 1.19 acres.
Stony Creek is both a designated EV Water and a Wild Trout Stream. It and its associated
Exceptional Value Wetlands will be impacted by the proposed pipeline crossing.
The UNT to Stony Creek also is an EV Water. It and its associated Exceptional Value Wetlands
also will be impacted.
Impact avoidance/minimization by rerouting or use of HDD are not proposed or discussed.
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Area E
Wetland Functions:
☑ (1) Serves natural biological functions
- food chain production
- general habitat
- nesting, spawning, rearing, and resting sites
for aquatic or land species.
☑ (2) Provides areas for study of the environment
or as sanctuaries or refuges.
☑ (3) Maintains natural drainage characteristics,
sedimentation patterns, salinity distribution,
flushing characteristics, natural water filtration processes,
current patterns or other environmental characteristics.
☑ (4) Shields other areas from wave action, erosion, or storm damage.
☑ (5) Serves as a storage area for storm and flood waters.
☑ (6) Provides a groundwater discharge area
that maintains minimum baseflows.
(7) Serves as a prime natural recharge area where surface water
and groundwater are directly interconnected.
☑ (8) Prevents pollution.
☑ (9) Provides recreation.

Related info:
Stony Creek

Hickory Run SP

Stony Creek
Stony Creek
Stony Creek

Hickory Run SP

Each of these ☑ functions will be diminished by the temporary disturbance of 3.09 acres of
Exceptional Value Wetlands, by the permanent disturbance of 2.01 acres of Exceptional Value
Wetlands, and by the permanent conversion/maintenance of 1.19 acres of forested Exceptional
Value Wetlands to herbaceous wetlands.
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AREA E
Applicant's Wetland Delineation Sheet 71

Applicant's E&S Drawing 70
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Area F

Yellow Run, Penn Forest Township, Carbon County

Facts:
- MP 36.1
- Applicant's 1/5/2016 Wetland Sheet 73, Applicant's 02/2016 E&S Dwg 73
- just southeast of Hickory Run Service Plaza of PA TPK (but on the opposite side of PA TPK)
- Yellow Run is designated EV (not shown on all PennEast maps)
- Yellow Run also is designated Wild Trout Stream (naturally reproducing wild trout)
- small PFO wetland shown (per NWI) in construction ROW
Wetlands delineated in Study Area by applicant:
None.
Total reported wetland disturbance: None

Observations:
No wetland or waterway impacts are delineated here because access was not granted to the
applicant. As depicted on its drawings, the NWI-mapped wetland will be impacted by a crossing
approximately 130 feet long and 25 feet wide (0.07 ac.), although even this impact has not been
calculated or added to the acknowledged impact totals. In fact, the wetland here is significantly
larger than what is shown on the NWI map. The PFO wetland shown on the applicant's drawings
is actually just the tiny edge of a very large (60 acres) NWI-mapped wetland, which itself is
enveloped by an even larger area of mapped hydric soils (see Figure 1). The EV stream Yellow
Run flows through the wetland to the east of the pipeline crossing, flows across the existing ROW,
and continues westward. The wetlands at this crossing thus would be Exceptional Value
Wetlands.
Based on our field inspection, we estimate that the existing wetland complex extends
approximately 900 feet in total length along the (assumed) 75-foot wide construction corridor here
Thus, the apparent but unacknowledged Exceptional Value Wetland impact here is approximately
1.5 acres (900' x 75') with 1.03 acres of permanent disturbance (900' x 50') and 0.31 acre of
conversion of woody to herbaceous wetland (900' x 30' x .5).
The Limit of Disturbance (LOD) shown on the E&S drawing is 75 feet wide where it crosses the
NWI wetland, but then expands to as much as 150 feet in width in the adjacent "uplands". Once
the wetland here has been accurately field-delineated, the width of the LOD will need to be
adjusted accordingly; otherwise the impacts will be even more extensive than what we estimate
based on a 75-foot wide LOD.
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Area F
Wetland Functions:
☑ (1) Serves natural biological functions
- food chain production
- general habitat
- nesting, spawning, rearing, and resting sites
for aquatic or land species.
(2) Provides areas for study of the environment
or as sanctuaries or refuges.
☑ (3) Maintains natural drainage characteristics,
sedimentation patterns, salinity distribution,
flushing characteristics, natural water filtration processes,
current patterns or other environmental characteristics.
☑ (4) Shields other areas from wave action, erosion, or storm damage.
☑ (5) Serves as a storage area for storm and flood waters.
☑ (6) Provides a groundwater discharge area
that maintains minimum baseflows.
(7) Serves as a prime natural recharge area where surface water
and groundwater are directly interconnected.
☑ (8) Prevents pollution.
(9) Provides recreation.

Related info:
Yellow Run

Yellow Run
Yellow Run
Yellow Run

Each of these ☑ functions will be diminished by the temporary disturbance of 1.5 acres of
Exceptional Value Wetlands, by the permanent disturbance of 1.03 acres of Exceptional Value
Wetlands, and by the permanent conversion/maintenance of 0.31* acre of forested Exceptional
Value Wetlands to herbaceous wetlands.

* It appears that about half of the pipeline corridor may be herbaceous wetland now.
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AREA F
Applicant's Wetland Delineation Sheet 73

Applicant's E&S Drawing 73
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Area G

Trib. to Yellow Run, Penn Forest Township, Carbon County

Facts:
- MP 36.5
- Applicant's 1/5/2016 Wetland Sheet 74, Applicant's 02/2016 E&S Dwg 74
- just southeast of Hickory Run Service Plaza of PA TPK
- within Weiser State Forest; all streams nearby are EV
- two very small PFO wetlands (per wetland map), but one large PFO wetland (per E&S plan map)
Wetlands identified in Study Area by applicant
050615-JC-1001-PFO 4.84 ac. per delin. table; 0.65 ac. per impact table.
050615-JC-1002-PFO Not identified in delin. table; 0.32 ac. per impact table.
Total reported wetland disturbance:
0.30 ac.
Perm. ROW wetland disturbance reported: 0.20 ac.
Conversion PFO to PEM reported:
0.12 ac.

Observations:
There are significant discrepancies in the reported acreage and the mapped extent of the wetlands
at this location (see Figure 3). Consequently, there are significant under-calculations of the
proposed wetland impacts.
The wetland Impact table identifies two separate PFO wetlands in the Study Area here: 050615JC-1002-PFO listed as "EV" and 050615-JC-1001-PFO listed as "other". The wetland delineation
map likewise shows two small PFO wetlands that appear to match those reported sizes. The table
that accompanies the wetland delineation report, however, identifies only one wetland (050615JC-1001-PFO), reports its size as 4.84 acres within the Study Area, and classifies it as "other".
The E&S drawing shows one large PFO wetland here (the two small ones connected and greatly
expanded in size to the south), although it maintains the two separate numbers as on the wetland
map. The 4.84 acres reported in the delineation report appear to correspond with this much larger
wetland. These are very serious and significant discrepancies.
The wetland Impact table reports a crossing length of 33 feet for the smaller wetland, which
appears to be accurate.
For the larger wetland (050615-JC-1001-PFO) the wetland Impact table reports a crossing length
of 136 feet, which is not consistent with what is shown on the E&S plan --- that plan depicts a
1,000-foot long wetland crossing. A much longer crossing impact is consistent with the NWI
map, which shows a 17-acre PFO wetland here which would be crossed by 1,000 feet of proposed
pipeline (if the extent of mapped hydric soil here was an accurate depiction of the wetland's size,
the pipeline would cross about 1,700 linear feet of wetland). The temporary wetland disturbance
in the construction ROW reported as 8,948 square feet actually should be about 75,000 square feet
(1,000' x 75'), or 1.72 acres. The reported permanent wetland impact in the ROW of 6,416 square
feet actually should be about 50,000 square feet (1,000' x 50'), or 1.15 acres. The reported
conversion of forest to herbaceous wetland (3,977 square feet) actually should be about 30,000
square feet (1,000' x 30'), or 0.69 acre.
This large wetland impact should be reported as an Exceptional Value Wetland impact, inasmuch
as the wetlands are directly associated with and within 50 feet of waterbodies flowing to Yellow
Run, which has a basin-wide designation of EV.
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Area G
Wetland Functions:
☑ (1) Serves natural biological functions
- food chain production
- general habitat
- nesting, spawning, rearing, and resting sites
for aquatic or land species.
☑ (2) Provides areas for study of the environment
or as sanctuaries or refuges.
☑ (3) Maintains natural drainage characteristics,
sedimentation patterns, salinity distribution,
flushing characteristics, natural water filtration processes,
current patterns or other environmental characteristics.
☑ (4) Shields other areas from wave action, erosion, or storm damage.
☑ (5) Serves as a storage area for storm and flood waters.
☑ (6) Provides a groundwater discharge area
that maintains minimum baseflows.
(7) Serves as a prime natural recharge area where surface water
and groundwater are directly interconnected.
☑ (8) Prevents pollution.
☑ (9) Provides recreation.

Related info:
Yellow Run

Wiser State Forest

Yellow Run
Yellow Run
Yellow Run

Weiser State Forest

Each of these ☑ functions will be diminished by the temporary disturbance of 1.72 acres of
Exceptional Value Wetlands, by the permanent disturbance of 1.15 acres of Exceptional Value
Wetlands, and by the permanent conversion/maintenance of 0.69 acre of forested Exceptional
Value Wetlands to herbaceous wetlands.

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

AREA G
Applicant's Wetland Delineation Sheet 74

Applicant's E&S Drawing 74
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Area H

Wild Creek, Towamensing Township, Carbon County

Facts:
- between MP 43.5 and 43.6
- Applicant's 1/5/2016 Wetland Sheet 87, Applicant's 02/2016 E&S Dwg 88
- within Beltzville State Park
- Wild Creek is designated EV
- small PEM wetland (0.03 ac) delineated along west side of Creek
Wetlands identified and impacts proposed/acknowledged by applicant:
052215-JC-1001-PEM 0.03 ac. per delin. table.
No impact proposed.
Observations:
The PEM wetland should be classified as Exceptional Value Wetland, not "other", because it is
within the floodplain of an EV waterbody. There likely will be no impact to this wetland, as
reported by the applicant, because the crossing is to be done by HDD and the wetland is outside of
the construction corridor of the pipeline.

No loss of wetland functions associated with this crossing.
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AREA H
Applicant's Wetland Delineation Sheet 87

Applicant's E&S Drawing 88

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Area I

Pohopoco Creek, Towamensing Township, Carbon County

Facts:
- between MP 43.9 and 44.1
- Applicant's W1/5/2016 etland Sheet 88, Applicant's 02/2016 E&S Dwg 88
- within Beltzville State Park, south of a cleared ROW with an underground water tunnel
belonging to the Bethlehem Water Authority
- Pohopoco Creek is designated Wild Trout Stream (naturally reproducing wild trout)
- small PFO wetland delineated along west side of Creek (0.09 ac)
Wetlands identified and impacts proposed/acknowledged by applicant:
052215-JC-1002-PFO 0.09 ac. per delin. table.
No impact proposed.

Observations:
The PFO wetland, at least that part of it within the floodplain of the Creek, should be classified as
Exceptional Value Wetland and not as "other".
There is a narrow band of additional wetlands along the northern edge of Pohopoco Creek, which
are included on the drawings as being part of the Creek itself, but which instead should be
identified separately as Exceptional Value Wetlands.
There is a small wetland at the upper end of a small tributary to Pohopoco Creek (which tributary is
identified as 052215-JC-1003-I-MI) which has not been acknowledged or delineated. If a
permanent ROW is to be cleared and maintained above the proposed pipeline, this wetland will be
impacted.
There is a small ephemeral watercourse (delineated as a ditch) to the northwest of Pohopoco Creek
(052215-JC-1002-D-IN) which is incorrectly labeled "wetland" on the E&S drawing (#88). It is
outside the construction corridor and unlikely to be impacted.
The FERC Application (Resource Report 8, September 2015, page 8-105) mentions a 3-acre bore
pad off Penn Forest Road South, between Wild Creek ("H") and Pohopoco Creek ("I"), but no
such work area is identified on the "Waterbody Site Specific" drawing nor on the E&S drawings.

No loss of wetland functions associated with this crossing, provided there will be no permanent
ROW to be cleared and maintained above the proposed pipeline.
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Applicant's Wetland Delineation Sheet 88

AREA I

Applicant's E&S Drawing 88
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Summary of Exceptional Value Wetland Function Impacts
Field-Inspected Areas A through I
(in acres)

Area

Total
Disturbance
Applicant
Schmid

Permanent
Disturbance
Applicant
Schmid

Conversion
PFO to PEM
Applicant Schmid

A

0.00

0.25

0.00

0.10

0.00

0.05

B

0.34

0.34

0.24

0.24

0.14

0.14

C

2.91

2.91

1.95

1.95

1.17

1.17

D

0.02

0.02

0.01

0.01

0.00

0.00

E

3.09

3.09

2.01

2.01

0.70

1.19

F

ND

1.50

ND

1.03

ND

0.31

G

0.30

1.72

0.20

1.15

0.12

0.69

H

0.00

0.00

0.00

0.00

0.00

0.00

I

0.00

0.00

0.00

0.00

0.00

0.00

9.83

4.41

6.49

2.13

TOTALS

6.66

(+3.17)

(+2.08)

3.55
(+1.42)

ND = no delineation

Note: boldface indicates a discrepancy between what has been reported/acknowledged by
the applicant and Schmid & Company's evaluation.
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SCHMID & COMPANY INC., CONSULTING ECOLOGISTS
1201 Cedar Grove Road, Media, Pennsylvania 19063-1044
610-356-1416 fax: 610-356-3629
www.schmidco.com

9 September 2016
Maya K. van Rossum
Delaware Riverkeeper Network
925 Canal St., Suite 3701
Bristol, Pennsylvania 19007
In re: FERC DEIS for PennEast Pipeline Project
Dear Ms. van Rossum:
At your request, Dr. James Schmid and I have conducted a preliminary review of the
Draft Environmental Impact Statement (DEIS) prepared by the Federal Energy
Regulatory Commission (FERC) and released for public review and comment on 22 July
2016. The DEIS reviews the project proposed by PennEast Pipeline Company, LLC
(PennEast) to construct, install, and operate approximately 115.1 miles of 36-inch
diameter natural gas pipeline from Luzerne County, Pennsylvania to Mercer County, New
Jersey. Our charge was to focus on potential impacts related to wetlands in the New
Jersey section of the proposed project, inasmuch as we previously had provided a review
of the Pennsylvania section1.
Of the 115-mile total, 38 miles (33%) of the PennEast pipeline are proposed in two
counties (Hunterdon and Mercer) in New Jersey. Also proposed in New Jersey are a
0.1-mile long, 12-inch-diameter pipe (Gilbert Lateral) in Holland Township, Hunterdon
County, and a 1.5-mile long, 36-inch-diameter pipe (Lambertville Lateral) in West Amwell
Township, Hunterdon County. Additional aboveground facilities include meter stations,
mainline valves, pig launcher/receivers, as well as access roads.
Although we have not had the opportunity to thoroughly review and evaluate all of the
background files, reports, and maps included in the submissions to FERC since
September 2015, we have seen enough to have significant concerns about the accuracy
and completeness of the information prepared by the applicant and used by FERC as the
basis for the DEIS. Our concerns are discussed below.

1

"The Effects of the Proposed PennEast Pipeline on Exceptional Value Wetlands in Pennsylvania", prepared
for the Delaware Riverkeeper Network by Schmid & Company, Inc., July 2016.
http://www.hopewelltwp.org/penn_east/Delaware-Riverkeeper-Network-to-FERC-071316.pdf

1
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BACKGROUND
On 24 September 2015, PennEast filed an application with the FERC for a Certificate of
Public Convenience and Necessity (Docket No. CP15-558-000). PennEast provided a
Supplemental Information Filing (SIF) to FERC on 14 December 2015, another SIF on 22
February 2016, and provided additional information in response to various FERC
comments on the application and Supplemental Information Filings . On 22 July 2016
FERC published a Draft Environmental Impact Statement (DEIS) for the project
(FERC\EIS: 0271D), which is the primary subject of these comments.
On 8 February 2016, PennEast submitted an application to the Delaware River basin
Commission (DRBC) for a Surface Water Withdrawal and Discharge Permit. That
application was supplemented on 1 April 2016. On 26 July 25 2016, PennEast submitted
responses to DRBC’s 23 May 2016 comments.
The New Jersey section of the pipeline also will require permits and approvals from the
New Jersey Department of Environmental Protection (NJDEP), including a Letter of
Interpretation (to establish the precise limits and classification of wetlands), Individual
Freshwater Wetlands Permit, and Flood Hazard Area Verification and Individual Permit.
NJDEP approvals would include the requisite Clean Water Act Section 401 Water Quality
Certification allowing federal approval. As of 9 September 2016, no applications for any
NJDEP wetland or flood hazard area permits had been submitted by PennEast (except for
a Special Use approval to provide access to State lands for inventory purposes).
The US Army Corps of Engineers will need to provide Individual Permit approval per
Section 10 of the Rivers and Harbors Act for work affecting traditional navigable waters of
the United States.
On behalf of the Delaware Riverkeeper Network, Schmid & Company ecologists reviewed
available PennEast project files regarding wetlands, waterways, and impact assessments
for the New Jersey portion of the proposed pipeline. Our primary focus was on the DEIS
published by FERC, and the consistency of the information therein with other publicly
available files, including the FERC application and the application to the Delaware River
Basin Commission (DRBC). Of particular interest in our review are the highest quality
streams and wetlands --- how accurately they have been identified and the extent to which
impacts to them have been avoided or minimized.

MAJOR FINDINGS AND ISSUES
 The DEIS fails to inform the public as it is intended to. According to the DEIS
Executive Summary (page ES-1):
The purpose of this environmental impact statement (EIS) is to inform FERC
decisionmakers, the public, and the permitting agencies about the potential adverse and
beneficial environmental impacts of the Project and its alternatives, and recommend
mitigation measures that would reduce adverse impacts, to the extent practicable. [bold added]

2
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The DEIS does not provide a complete set of PennEast pipeline project drawings that are
required to illustrate mileposts, streams, wetlands, homes, roads, and other important
features, plus proposed construction methods and activities in and near them. This makes
it difficult for the public to evaluate the project and to follow FERC's discussions of
potential impacts. FERC presumably received detailed drawings (for example, Erosion
and Sedimentation Control Plans, or E&SCP) as part of the September 2015 PennEast
application and/or Supplemental Information Filings. The Table of Contents of the DEIS
cites the E&SCP as being in Appendix D, but that appendix simply includes a 120-page
document entitled "APPENDIX E: DRAFT Erosion and Sedimentation Control Plan, FERC
Docket No. CP15-___-000", to which is supposed to be attached (as Appendix E2) the
Erosion & Sediment Pollution Control Plans, but all that actually is attached is a single
page noting that the plans are "(NOT INCLUDED)".
 As noted above, details regarding the current route of the proposed PennEast
Pipeline are not provided in the DEIS. There have been numerous and in some cases
significant deviations from the original alignment. These presumably have been identified
in the several Supplemental Information Filings and/or responses to FERC's preliminary
comments. That detailed information, however, is not included alongside the 5 separate
pdf files that comprise the DEIS itself, as made available on its website by FERC. A set of
the current project drawings should have been provided to the public as an attachment to
the DEIS. The same is true for all crucial supporting information such as detailed wetland
delineation data logs, photos, etc.
E&SCP "Typicals" were provided (Appendix E3 of APPENDIX E which is DEIS Appendix
D), but they do not provide the specific details that are crucial to the public's understanding
of what is proposed and where, and how construction, especially in environmentally
sensitive areas, will be undertaken to minimize impacts.
 The FERC website providing the PennEast DEIS files should also provide links to
relevant supporting information. It is exceedingly difficult and confusing to locate and
identify the contents of the dozens (perhaps hundreds) of files that may be available
somewhere on the wider FERC website that relate to the PennEast Pipeline project. In
publishing the DEIS for public review and comment, FERC should first have required the
applicant to assemble a complete indexed set of files, reports, and maps that describe and
evaluate the current pipeline alignment. FERC then should have made those records
publicly available as part of the DEIS. The public should not be required to sift through all
of the pieces of ever-changing information and updates in order to try to understand the
current project under review.
 Site-specific investigations of important resources at risk from the PennEast Pipeline
project are largely incomplete. No proper EIS can be conducted when more than half of
the project corridor has not been investigated for wetlands and other resources.

3
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- The DEIS notes (page 4-66) that "field wetland delineations are incomplete".
Indeed, 72% of the alignment in New Jersey (and 23% in Pennsylvania) has not yet been
field investigated for wetlands and other water resources.
- Likewise, investigation is incomplete for vernal pools; per page 4-68 of the DEIS,
as of April 2016, in Pennsylvania, survey work is 21% incomplete; in New Jersey, it is 74%
incomplete.
- The same is true for threatened/endangered species of animals and plants and for
cultural and archaeological resources. According to DEIS page 4-194, "archaeological
surveys have not been completed", and (per DEIS page 4-198) "PennEast has not
completed all cultural resources field investigations, provided reports, or completed
consultation for the Project." There are approximately 1,032 acres in Pennsylvania 2,441
acres in New Jersey that still require archaeological investigations. Investigations of
above-ground historic resources also are incomplete.
 Because a complete set of detailed site plans for the current PennEast pipeline was
not available in the DEIS itself, our analysis of wetlands largely relied on updated (as of
May 2016) PennEast pipeline project drawings that were available from the DRBC website
(Enclosure 15 from the DRBC application). Those drawings, entitled "Wetland Delineation
Map - New Jersey" (scale 1 inch = 200 feet; dated 5/25/2016; 74 sheets), are based on
recent aerial photographs and depict the 400-foot wide ROW, pipeline centerline with
mileposts identified to 0.1 mile, shaded workspace areas within the ROW, streams,
wetlands (either field-delineated or per desktop mapping), and soil map units. Also
indicated are parcels where access was not granted to PennEast.
- The DRBC maps (and associated tables) appear to correspond well with the
analysis of wetlands in the FERC DEIS. For example, DRBC Application Table 2C-2 lists
all of the 104 wetlands crossed by the pipeline in New Jersey, and matches exactly the
information in the DEIS Appendix G Table G-12. Unfortunately, the DEIS table does not
include as much detail as the DRBC table; in particular the classification of New Jersey
wetlands as "intermediate" or "exceptional" resource value (see below) is missing from the
DEIS.
- The DRBC wetland maps reveal that some, but not all, of the undelineated/
uninvestigated areas are where access was denied to the applicant (such areas are
indicated on aerial site plan drawings with a red cross-hatch pattern). For example, from
Milepost (MP) 92.0 to 92.6 on Wetland Sheet # 31 of 74, about half of the area is parcels
where access was not granted (MP 92.25 to 92.6), and so the wetlands depicted in those
areas are based on available desktop mapping rather than field investigation. In the other
areas (MP 92.0 to MP 92.25; about 1,320 linear feet), however, where access apparently
was not denied, and which the drawing notes is a "fully surveyed parcel", the wetland
proposed to be crossed was not field surveyed but is based on non-regulatory NJDEP
mapping. No explanation is given for why there is this obvious discrepancy in the type of
wetland delineation performed at this location, or why site investigations have not been
provided for all areas where access has been granted.

4
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 Most of the wetland information (inventory and assessment) for the PennEast pipeline
corridor discussed in the DEIS is based on available remote-sensing mapping, and not on
field-based investigations. The maps used typically are non-regulatory wetland maps such
as the National Wetlands Inventory (NWI) and/or the NJDEP Land Use Mapping which
were created from high-altitude aerial photointerpretation. Earlier project drawings, such
as those submitted with the September 2015 FERC application, were based almost
exclusively on NWI mapping, which typically understates significantly the extent of actual
wetlands. Subsequent drawings (including those we reviewed from the DRBC application,
dated May 2016) had incorporated additional wetlands as mapped by NJDEP in its 2012
Land Use Maps (although the legends of those PennEast drawings continue to incorrectly
identify all such non-field-delineated wetlands as being "NWI").
 The DEIS notes (page 4-65) that where actual field investigation was not done, the
PennEast mapping of wetlands within the 400-foot wide pipeline corridor used a
combination of resources including aerial photography, NWI maps, hydric soils mapping
from the Natural Resources Conservation Service (NRCS), and FEMA floodplain maps.
- We identified many instances where wetlands shown on project drawings appear
to be significantly under-mapped, especially if all of the listed resources are considered.
For example, near MP 92.3, there are extensive NRCS-mapped hydric soils both within
and outside the wetlands as mapped by NJDEP, but the (undelineated) wetlands shown
on the PennEast drawings identify as "wetlands" only what is shown on the NJDEP maps.
In other places, where NWI-mapped wetlands extend beyond the NJDEP-mapped
wetlands (sometimes significantly so -- hundreds of feet), only the NJDEP-mapped
wetlands (and not the NWI wetlands) are shown on the project plan maps. In the absence
of field-based investigation confirming any lesser extent, PennEast should identify the
maximum possible extent of previously-mapped and potential wetlands. We saw no
instance where NRCS-mapped hydric soils were used to extend wetlands in the pipeline
ROW beyond what NWI or NJDEP wetland maps depicted as wetlands. Areas of NRCSmapped hydric soils should receive careful scrutiny in the field.
 FERC notes (DEIS page 4-65) that wetlands are regulated at both federal and state
levels, but then fails to mention or discuss the relevant state-level regulatory programs,
which in some instances are more stringent than the federal wetland programs.
 Exceptional Value Wetlands in New Jersey have not been acknowledged in the DEIS.
- The DEIS (page 4-65) notes that PADEP classifies wetlands as "exceptional
value" or "other", but it fails to note that NJDEP classifies wetlands as having "ordinary",
"intermediate", or "exceptional" resource value. These three classifications in New Jersey
are important not only for distinguishing the type of wetland, but also for establishing the
size of State-regulated buffers (called "transition areas" by NJDEP) associated with them.
- According to N.J.A.C.-7:7A-2.4 (Classification of freshwater wetlands by resource
value), a freshwater wetland of exceptional resource value meets one or more of the
following criteria:
1. Discharges into FW1 or FW2 trout production waters or their tributaries;
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2. Is a present habitat for threatened or endangered species; or
3. Is a documented habitat for threatened or endangered species, and which remains
suitable for breeding, resting, or feeding by these species during the normal
period these species would use the habitat.

- NJDEP Exceptional Resource Value Wetlands that are located along the
PennEast Pipeline route are not identified on project drawings or in lists of wetlands or
wetland impacts in the FERC DEIS. (Exceptional Value Wetlands are identified in tables in
the DRBC files.) This is a major omission of the DEIS, because Exceptional Value
Wetlands are considered by NJDEP to be the most ecologically important and sensitive
type of wetlands in New Jersey, and as such are afforded a protective 150-foot wide
regulated buffer.
 Major impacts are proposed by pipeline construction and operation in Exceptional
Value Wetlands.
- Approximately half (51) of the 104 wetland impacts in New Jersey acknowledged
to date by PennEast will involve Exceptional Value Wetlands (Table 1), although as noted
above one would not know that from reading the DEIS (only by examining other files such
as the DRBC application). Only 10 of those Exceptional Value Wetlands have been
modified or affected in some way by past agricultural or other disturbances (and thus are
assigned a wetland cover type by NJDEP of "ModAg", "MODL", or "MODR"). Most of the
Exceptional Value Wetlands (80%) are categorized by NJDEP as natural PFO, PSS, or
PEM wetlands.
- In all, PennEast currently acknowledges permanent impacts to 91 wetlands by
converting woody wetland vegetation (typically PFO or PSS) to herbaceous vegetation
(PEM), totaling 17.57 acres (Table 2). For Exceptional Value Wetlands, 35 permanent
wetland conversions are proposed totaling 7.578 acres. Only 13 of the 45 crossings that
will result in Exceptional Value Wetland conversions will be done by HDD or Bore
methods. These are significant adverse impacts.
 Impacts to Exceptional Value Wetlands have not been minimized.
There are at least two common practices currently used by proponents of other pipeline
projects to avoid or minimize impacts to important resources such as Exceptional Value
Wetlands. Neither of these has been routinely proposed in the PennEast application. One
is to simply route the pipeline around Exceptional Value Wetlands in order to avoid them.
While rerouting to avoid wetlands is mentioned as a general consideration in the pipeline
siting and alternatives analysis, specific areas where identified Exceptional Value
Wetlands were avoided are nowhere identified or discussed.
The use of Horizontal Directional Drilling (HDD) or Conventional Boring are underground
pipeline installation methods that can avoid or greatly minimize disturbances to sensitive
resources on the ground surface by boring beneath them instead of using the traditional
"open cut" trench method. HDD or Boring is proposed in only a few locations along the
PennEast pipeline route. Of 104 proposed wetland impacts identified to date by PennEast
(see Table 1), only 19 (18%) involve use of HDD or Bore methods. Of the 51 proposed
impacts to Exceptional Value Wetlands, only one-quarter (13) involve use of HDD or Bore
6
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methods. Open cut trenches will be used to install pipelines through the remaining
Exceptional Value Wetlands.
HDD crossings can be quite lengthy. One PennEast HDD crossing in New Jersey is to be
6,300 feet long (DEIS page 4-50). However, neither of the two longest wetland crossings
(1,170 and 1,025 linear feet) are proposed to be done by HDD or Bore methods (neither of
those involves an Exceptional Value Wetland). Of the 24 proposed crossings of
Exceptional Value Wetlands that each will be longer than 100 linear feet, only 6 will be
done by HDD or Bore methods (Table 3). Ten of those 24 crossings involve open cut
installations through forested Exceptional Value Wetlands.
The FERC directive to minimize impacts has not been taken seriously.
 The functions and values of wetlands to be impacted, and particularly Exceptional
Value Wetlands, have not been identified.
In accordance with NJAC 7:7A, NJDEP will not issue a freshwater wetland permit unless
any loss of ecological value caused by a proposed wetland disturbance is fully
compensated by replacing any freshwater wetland values and functions lost or disturbed
with equal values and functions.
Measurement of wetland functions and values is not simple, and it has not been attempted
here. The DEIS provides no evidence that the functions and values of each wetland
proposed to be impacted have been determined or evaluated. Without an identification of
the individual wetland functions, PennEast cannot adequately assess (and has not
assessed) the effects of project activities on the wetlands, and particularly on the
Exceptional Resource Value Wetlands. Furthermore, without an identification and
assessment of individual wetland functions impacted by the proposed pipeline project, there
can be no rational basis for determining the appropriateness of any proffered wetland
mitigation to offset the wetland losses.
 According to the DEIS (page 4-71), additional temporary work spaces (ATWS) are
being located at least 50 feet from wetlands per FERC guidelines; however, there are
many Exceptional Value Wetlands located along or within the proposed pipeline ROW.
Those wetlands have associated with them a NJDEP-imposed 150-foot wide buffer, so
locating ATWS closer than 150 feet is unlikely to gain State approval.
 There are no FW1 (or PL) waters crossed by the proposed PennEast Pipeline, so
there are no Tier 3 (Outstanding National Resource Waters) issues in NJ.
 Threatened/endangered species have not been adequately investigated.
The applicant and DEIS blithely claim that all suitable habitats for endangered species will
be field surveyed at the proper season to the satisfaction of resource agencies. Based on
the results of such future surveys, PennEast asserts that there will be no surface
disturbance for its pipeline construction within 300 feet of any existing wetlands associated
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with endangered species or within 150 feet of any streams associated with endangered
species (DEIS page 5-10). Yet the location of such areas has not yet been established,
and no drawings showing the lack of surface disturbance around protected species
habitats are provided. Moreover, the applicant’s study corridor extended only 200 feet
beyond the proposed pipeline. Thus protected species habitats within 300 feet from
proposed disturbance have not been inventoried. Perhaps such information could be
prepared subsequent to FERC approval and prior to construction, but none is currently
available for public review or for consideration during FERC decisionmaking .
 The proposed plan for wetland mitigation is only conceptual.
A Preliminary wetland mitigation, riparian zone compensation, and construction-related
disturbance restoration Plan for New Jersey was prepared during February 2016 as part of
the FERC application. That document is frequently cited in the DEIS as the basis for the
FERC staff conclusion that wetland impacts will not be significant. The Preliminary Plan
provides some useful information concerning how the applicant will seek to devise a
substantive plan for wetland mitigation in New Jersey. However, the Plan is completely
lacking in the actual data that would be necessary for environmental assessment at any
impacted wetland.
The Plan identifies the kinds of actions that PennEast intends to take during and after
pipeline construction has caused surface disturbance to streams and wetlands. Given the
lack of credible onsite inventory information, however, it is impossible for FERC to
determine whether wetland and stream impacts have been adequately avoided or
minimized when evaluating alternative proposed routes and deviations. The need for
additional impact avoidance through route changes or underground installation of
segments of this pipeline cannot be ascertained from the fragmentary project record
included in the DEIS. The mitigation plan is now and will remain conceptual until the
details regarding the number and type of wetland impacts have been determined.

RECOMMENDATIONS:
1) FERC should not complete the Final EIS until the entire project area (ROW alignment)
has been investigated/delineated for wetlands, vernal pools, cultural resources, etc, at
minimum where access has already been provided. Regarding wetlands, delineations
must be field-inspected and confirmed by the Corps (in PA) and the Department of
Environmental Protection (in NJ).
2) FERC consistently recommends in the DEIS that construction not begin until surveys
and investigations (for wetlands, cultural resources, endangered species, and other
sensitive areas) be completed. However, FERC cannot make an informed determination
that adverse impacts have been adequately avoided and minimized until all baseline
inventories have been completed and evaluated.

8
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- No FERC decision on final route segments should be made prior to resolution of
cultural resources issues (to avoid problems similar to those currently associated with the
Dakota Access Pipeline).
- Similarly, the DEIS notes (page 2-6) that prior to construction PennEast proposes
to survey all wetland boundaries and other environmentally sensitive areas. However, we
recommend that those surveys be completed prior to FERC issuance of a Final EIS.
3) Most impacts to wetlands are downplayed as being temporary, minor, and insignificant
because all affected wetlands are proposed to be returned "to preconstruction contours
and hydrology", if not vegetation. Specific enforceable conditions must be inserted into
any approval to assure that such will be the case.
- PennEast must provide evidence from previous pipeline construction projects
which demonstrates that affected wetlands comparable to those found here were
successfully returned to preconstruction condition.
- FERC and other agencies must establish clear and specific guidelines, methods,
and timeframes for monitoring the proposed restoration of all wetlands affected by the
PennEast Pipeline to ensure that they are returned "to preconstruction contours and
hydrology".

Finally, although the focus of this review has been on the New Jersey section of the
PennEast Pipeline, we wish to offer two additional comments regarding the FERC DEIS
and the Pennsylvania section of the PennEast Pipeline.
 In the discussion of existing wetland resources in Pennsylvania (DEIS pages 4-65 to
4-66) FERC makes several misstatements in its attempt to describe how "exceptional
value wetlands" are defined. First, FERC incorrectly inserted the word "designated" in
the wrong criterion. That word should not be used in terms of drinking water supplies --there is no such thing as, nor do the Pa Code Chapter 105 regulations make reference
to, "designated" drinking water supplies. As used at §105.17, the correct wording is
"Wetlands located along an existing public or private drinking water supply...". The word
"designated" should have been used in the next bulleted criterion regarding natural or
wild areas, but there it is missing; the correct wording should be: "Wetlands located in
areas designated by the Department as "natural" or "wild" areas within State forest or
park lands, wetlands located in areas designated as Federal wilderness areas..." Finally,
FERC uses the word "and" instead of "or" after the third of its four listed criteria,
suggesting that all four must apply for a wetland to be considered an "exceptional value
wetland" when in fact a wetland qualifies if any one of the criteria is met.
 We have identified properties and specific landowners in Pennsylvania where there
are (confirmed), or where there are likely to be, springs or drinking water wells located
within 150 feet of the proposed pipeline construction workspace. Examples include: at
MP 58.2 along E. Dannersville Road in Moore Township, Northampton County; at MP
57.8 along W. Beersville Road in Moore Township, Northampton County; near MP 53
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along North Cottonwood Road in Danielsville, Northampton County; near MP 45.75 east
of Beers Lane, Towamensing Township, Carbon County.
Thus, FERC's statement that "there are no private water supply wells or springs located
within 150 feet of the pipeline construction workspace in Pennsylvania" (DEIS, page ES5) is false. This is a problem in its own right, because there can be direct impacts to
private water supplies if construction activities are not done carefully or if leaks occur
during operation of the pipeline. In addition, the fact that there are private springs and
wells used for water supply within 150 feet of the proposed ROW in Pennsylvania
suggests that there very well may be additional Exceptional Value Wetlands not yet
identified that meet the criterion at §105.17(1)(iv) regarding association with existing
public or private water supplies.
We appreciate this opportunity to assist the Delaware Riverkeeper Network with our
review. Please let us know if you have any questions about any of the above.
Sincerely yours,

Stephen P. Kunz
Senior Ecologist

AUTHORSHIP
This letter report was prepared by Stephen P. Kunz with the assistance of James A. Schmid.
Both are senior ecologists with Schmid & Company, Inc. Mr. Kunz has worked full-time as a
private sector ecological consultant since receiving a degree in human ecology from Rutgers
University in 1977. Dr. Schmid is a biogeographer with more than 40 years of experience in
ecological consulting. He received his BA from Columbia College and his MA and PhD from
the University of Chicago. Both Mr. Kunz and Dr. Schmid are certified as Senior Ecologists by
the Ecological Society of America and as Professional Wetland Scientists by the Society of
Wetland Scientists.
Mr. Kunz and Dr. Schmid offer outstanding credentials as experts in ecology, wetlands,
environmental regulation, and impact assessment. They have analyzed the environmental
impacts of many kinds of proposed development activities in numerous states, including
pipeline facilities, coal mining projects, industrial facilities, transportation facilities, commercial
developments, and residential developments. They have written Environmental Impact
Statements under contract to the US Environmental Protection Agency, Army Corps of
Engineers, Interstate Commerce Commission, various agencies of State and local
governments, and a diverse array of private sector entities. They also have commented on
and prepared analyses of state and federal environmental regulations.
Additional information about Mr. Kunz and Dr. Schmid and their work over the past four
decades can be found at www.schmidco.com.
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TABLE 1. Wetlands crossed by the proposed pipeline in New Jersey, according to
PennEast. All information is from FERC DEIS Table G-12, except classification of
wetlands which is from DRBC Application Table 2C-2. Exceptional Value Wetlands
classified as "EV" are identified in boldface type; all other wetlands in the ROW were
identified by PennEast as being Intermediate Value Wetlands. Those EV Wetlands
proposed to be crossed by HDD or Bore methods are noted in blue. Crossings of EV
Wetlands that are longer than 100 linear feet are shown in red.
Mile
Wetland
Crossing
post Type Class. Length Method
Hunterdon County
77.7
80.0
80.7
80.8
81.6
81.6
82.3
82.3
82.3
82.3
82.7
82.9
83.9
84.6
84.8
84.8
84.8
85.3
85.3
85.3
86.3
86.3
85.9
86.0
86.7
86.7
87.2
87.4
87.9
88.4
88.4
88.7
89.5
90.8

PSS
PFO
MODag
PEM
PEM
PEM
PEM
PSS
PFO
MODag
PFO
MODag
PFO
MODag
PFO
PSS
PSS
PFO
PSS
PEM
PFO
MODag
PEM
PFO
PSS
PSS
PFO
PEM
PFO
PFO
PFO
PFO
PFO
MODag

EV
EV
EV
EV
EV
EV
EV
EV
EV
EV
EV
EV
EV

EV
EV
EV
EV
EV
EV
EV
EV
EV

EV
EV
EV

107
133
340
86
7
4
101
195
33
156
117
114
196
124
39
48
78
1
227
79
92
107
70
96
9
47
78
18
250
85
55
76
53
635

HDD
Open Cut
Open Cut
Open Cut
Bore
Bore
Bore
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
N/A
Open Cut
Open Cut
N/A
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Bore
Open Cut
Open Cut
Open Cut
Bore
Open Cut
Open Cut
1
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90.9 PSS
370
90.9 PFO
25
90.9 MODL
17
91.2 MODag
1,025
91.3 PFO
13
91.3 MODag
137
91.3 MODag
109
91.5 PFO
EV
207
91.5 PFO
EV
52
91.7 PFO
EV
85
91.9 MODag EV
711
92.2 PFO
EV
500
92.3 PFO
EV
457
92.5 MODag EV
123
92.7 MODag
50
93.2 PFO
199
93.2 PFO
307
93.3 PFO
1,170
93.5 MODR
271
93.8 MODR EV
32
93.8 PFO
EV
332
94.3 PFO
EV
128
94.3 MODag EV
550
94.6 PFO
EV
83
94.8 PEM
EV
68
94.8 PFO
EV
50
95.1 PFO
EV
0
95.1 PFO
EV
201
95.6 MODag EV
31
97.3 PFO
EV
122
97.5 MODag
283
98.4 PFO
57
98.5 MODag
134
98.7 PFO
EV
176
98.7 MODR EV
63
99.6 MODag
99
99.8 MODag
160
100.3 PFO
230
101.0 MODag
112
101.3 PEM
5
101.3 PSS
2
101.3 PEM
2
103.0 PFO
23
103.9 PFO
640
103.8 PEM
68

Open Cut
Open Cut
Open Cut
Open Cut
N/A
N/A
Open Cut
HDD
HDD
HDD
HDD
HDD
HDD
N/A
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
N/A
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Bore
Bore
Open Cut
Open Cut
Open Cut
N/A
HDD
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
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Mile
Wetland
Crossing
post Type Class. Length Method
Mercer County
104.9
105.3
105.3
105.4
105.4
105.6
105.9
105.9
107.4
108.2
108.6
109.1
109.1
109.5
110.2
112.5
112.5
112.8
112.8
112.8
112.8
112.8
112.9
113.4
114.0

PEM
PEM
PEM
PEM
PEM
PFO
PFO
PFO
PEM
PFO
PSS
PFO
PFO
PEM
PEM
PFO
PFO
PFO
PEM
PFO
PSS
MODag
PEM
PEM
PEM

EV
EV
EV
EV

EV
EV

49
3
22
207
33
74
10
61
33
243
583
98
62
36
132
27
325
93
21
137
235
24
531
11
58

Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
HDD
HDD
HDD
N/A
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
N/A
Open Cut
Open Cut
Open Cut
Open Cut
Open Cut
Bore
Open Cut

Total # wetland crossings:
104
Total # EV wetland crossings: 51 (bold)
# EV wetland crossings by HDD/Bore: 13 (in blue)
# EV wetland crossings longer than 100 feet: 24 (in red)
# EV wetland crossings > 100' by HDD/Bore: 6
Total distance of wetlands crossed:
16,443 feet 3.1 miles
Total distance EV wetlands crossed: 7,094 feet 1.3 miles
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TABLE 2. Proposed permanent wetland conversions of PFO or PSS to PEM in New
Jersey, including Exceptional Value Wetland conversions. Data provided by the
applicant.

Total #
Wetland Permanent
Type
Wetland
Conversions

Total Acres
Permanent
Wetland
Conversions

Total #
Permanent
EV Wetland
Conversions

Total Acres
Permanent
EV Wetland
Conversions

Total #
HDD or
Bore
EV Crossings

PFO
PSS

42
10

8.149
2.131

25
4

4.265
0.674

7
1

Other*

39

7.290

16

2.639

5

TOTAL

91

17.570

45

7.578

13

*Other = ModAg, ModL, ModR, and PEM
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TABLE 3. Exceptional Value Wetland crossings of greater than 100 linear feet
in New Jersey, by wetland type. This is a subset of the information
presented in Table 1 and is intended to highlight some of the larger EV
wetland crossings proposed; 100 feet is an arbitrary threshold. There
are 24 such crossings currently proposed, only 6 of which are proposed
to be done by HDD/Bore methods. Data from PennEast.

Milepost
#

Wetland
Type

Major EV Wetland
Crossing ‐ Length
(>100 feet)

HDD or
Bore
Proposed
Y/N?

77.7
80.0
80.7
82.3
82.3
82.3
82.7
82.9
83.9
85.3
86.3
87.9
91.5
91.9
92.2
92.3
92.5
93.8
94.3
94.3
95.1
97.3
98.7
108.2

PSS
PFO
MODAg
PEM
PSS
MODAg
PFO
MODAg
PFO
PSS
MODAg
PFO
PFO
MODAg
PFO
PFO
MODAg
PFO
PFO
MODAg
PFO
PFO
PFO
PFO

107
133
340
101
195
156
117
114
196
227
107
250
207
711
500
457
123
332
128
550
201
122
176
243

Y
N
N
Y
N
N
N
N
N
N
N
N
Y
Y
Y
Y
N
N
N
N
N
N
N
N
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1.0 INTRODUCTION
PennEast Pipeline Company, LLC (PennEast) proposes to construct a pipeline to transport natural gas
from the Marcellus Shale production region in northern Pennsylvania to portions of southern New
Jersey and southeastern Pennsylvania. PennEast submitted applications to the Delaware River Basin
Commission (DRBC), State of Pennsylvania (PA), and the Federal Energy Regulation Commission (FERC)
for approval. FERC prepared a draft environmental impact statement (DEIS) analyzing the impacts of the
project. This technical memorandum (memo) reviews hydrogeologic aspects of that DEIS. This memo
also reviews or references other documents prepared for the proposed project if they relate to the DEIS.
Primary groundwater issues vary depending on the aquifer crossed by the pipeline. The aquifer
delineation depends on the underlying bedrock and the surficial deposits at the site. Documents
occasionally referenced, other than the DEIS, include various reports associated with the Section 401
certification reports because they include better descriptions of the resources than provided in the DEIS.
The review included Resource Report 2 (RR2)1, which discusses the aquifers the pipeline would cross,
specifies the recharge areas and rates, and discusses contamination, and the general project description,
Resource Report 12, geology report, Resource Report 63, soils report, Resource Report 74, the vegetation
report, Resource Report 35, and the wetland delineations reports and maps, Appendix D, USFWS
Wetland Delineation Maps.

1

PennEast Pipeline, Resource Report 2, Water Use and Quality, September 2015. Hereinafter referred to as RR2.
PennEast Pipeline, Resource Report 1, General Project Description, September 2015. Hereinafter referred to as
RR1.
3
Penn East Pipeline, Resource Report 6, Geological Resources, September 2015. Hereinafter referred to as RR6.
4
Penn East Pipeline, Resource Report 7, Soils, September 2015. Hereinafter referred to as RR7.
5
PennEast Pipeline, Resource Report 3, Fisheries, Vegetation, and Wildlife, September 2015. Hereinafter referred
to as RR3.
2
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2.0 SUMMARY OF WATER RESOURCES ASPECTS OF DEIS
The DEIS is insufficient as a disclosure for many reasons. With respect to water resources, the DEIS
failed to present complete inventories or analyses of at least the following factors.









design of horizontal directional drilling (HDD) crossings
details about proposed water sources for hydrostatic testing
o standard for how flow rates adequate for downstream uses would be maintained during
diversions
the effects of discharge from hydrostatic testing on the receiving stream
disclose impacts to surface water resources due to pipeline construction
failure to analyze of effects of crossing methods at each crossing and attempt to minimize
impacts
effect of blasting on stream crossing and runoff from the pipeline to streams
o includes nitrogen contamination
failure to complete an inventory of wetlands
o failure to consider construction and environmental impacts of highly saturated soils at
wetlands

The following subsection discusses how the DEIS fails to analyze effects of the proposed pipeline on
groundwater resources.

2.1 Summary of Groundwater Impacts
The DEIS fails to consider how pipeline construction could affect groundwater by changing recharge
rates and locations, cause drawdown both temporarily, during construction, and permanently due to
changed hydrogeologic properties along the pipeline, cause pathways for contaminants to enter the
subsurface, create preferential flow pathways for shallow groundwater flow, and change drainage
patterns which would affect where recharge occurs. Pipeline construction and its ongoing presence
could also provide additional pathways for methane and higher chain gases to reach portions of shallow
aquifers where they have not previously reached. A methane leak from the pipeline would be directly
into shallow groundwater if the pipeline is below the water table (which would be the case in areas with
a shallow water table such as wetlands and stream crossings). The following summarizes impacts not
considered in the DEIS and sections 5.0 and 7.0 provide additional details.
 Pipeline construction changes recharge by changing properties of the soils within the right of
way (ROW) due to compaction and scraping, properties of the aquifer where it is excavated and
backfilled, and by changing surface drainage patterns which could affect the recharge of runoff.
 Pipeline construction lowers the water table temporarily by dewatering the trench. It lowers
the water table permanently by changing the aquifer properties within the trench; for example,
increased conductivity in the backfill could create a pathway with lower resistance and change
the water table level within the trench.
 Pipeline construction creates preferential pathways by changing the properties of the aquifer
due to differing properties of the backfill.
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If the backfill has higher conductivity than the surrounding aquifer, groundwater will
flow preferentially within the backfilled trench.
o If the backfill has lower conductivity, which is possible with substantial compaction of
the backfill in a till or alluvial aquifer, it could block flow across the pipeline. The
extreme case would be for the pipeline to cause water to surface upgradient from the
trench.
Pipeline construction through bedrock aquifers would change the properties as described in the
previous bullet.
o If the bedrock is highly fractured, such as in parts of the Catskill formation, backfill with
silty till could easily have lower conductivity than the surrounding fractured bedrock.
o Backfill with alluvium through intact bedrock would cause a high conductivity pathway.
A leak in a pipeline would enter the groundwater in the trench, and its disposition would
depend on properties of the backfill and probably even the rate.
o A large leak would probably bubble to the surface and volatilize.
o A small leak would probably dissolve into the groundwater, which can hold methane up
to 28 mg/l at atmospheric pressure, and transport along with the groundwater flow as
described in previous bullets.
o Interestingly, because of the gas dissolving into the groundwater and because a small
leak could be less detectable, a small leak could cause longer term groundwater
problems.
Pipeline construction can also change surface drainage patterns which could change the location
where runoff becomes recharge.
o







3.0 FAILURE TO AVOID OR MINIMIZE ENVIRONMENTAL IMPACTS WITH
RESPECT TO WATER RESOURCES
The purpose and scope of the DEIS includes a discussion of “reasonable alternatives to the proposed
project that would avoid or minimize adverse environmental impacts” (DEIS, p 1-4). Additionally,
Pennsylvania regulations require the applicant to complete a “detailed analysis of alternatives to the
proposed action, including alternative locations, routings or designs to avoid or minimize adverse
environmental impacts” (25 Pa. Code § 105.13(e)(1)(viii), emphasis added). The DEIS fails completely to
adequately consider changes to the pipeline route or design that could avoid or minimize adverse
impacts.
The following section first considers alternatives presented in the DEIS showing that the DEIS fails to
adequately consider the benefits of the alternative. Second, this section considers specific route
changes that could avoid or minimize impacts that were not considered.

3.1 Comparison of DEIS Alternatives
DEIS Section 3.3 considers alternative projects that would meet the purpose and need of the project,
but would fail to avoid and/or minimize environmental impacts. The DEIS compared alternative routings
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based on the length and amount of wetland and forest impacts and on the number of various features
either crossed or closely approached, without analyzing the value of those features; for example there is
no comparison of water crossings beyond the number crossed. Also, there is an apparent preference for
utilizing existing rights of way (ROWs), a seemingly reasonable preference only until one realizes that
construction would be adjacent to existing ROWs rather than within them (DEIS, p 3-8). An existing 50
to 100 foot wide treeless swath through a forest could be doubled as the result of the preference to
following existing ROWs within a forest area. Such a width doubling could have foreseeable (but
unanticipated by the DEIS) effects especially in valuable forest regions such as in Hickory Run State Park
(Photo 5, p 17). In a wetland, such as in Photo 5, the area exposed to solar insolation could significantly
increase which would both warm the water and increase evapotranspiration. The DEIS does not
consider such factors in its comparison of alternatives.
The overall impact analysis presented in DEIS Section 4.0 considers impacts due only to the chosen
alternative, not due to the range of alternative routes considered in DEIS Section 3.3. This failure to fully
compare among alternative routes prevents a fair comparison of the options and could lead to
reasonable, economic and least environmentally damaging alternative not being chosen.
The following subsections consider The Luzerne-Carbon Counties and the Bucks County alternative with
respect to water resources factors (specifically stream crossings, affected wetland area) and affected
forest land to the level presented in tables in DEIS Section 3.3. The discussed alternatives are those
which have obvious potential advantages from a water resources perspective. From at least the
perspective of water resources, detailed consideration of the Luzerne-Carbon and Bucks County
alternatives should have been carried through into DEIS Section 4.0 for comparison with the proposed
preferred alternative.

3.11 Luzerne and Carbon Counties Route Alternative (Luzerne-Carbon Alternative)
This alternative route (DEIS, p 3-8) would replace the proposed pipeline route between MP 8.4 and 37.5.
This is a critical area because of the amount of forest land. The Luzerne-Carbon alternative would be
about 1.7 miles, or 6% shorter than the proposed route. While very little of the Luzerne-Carbon
alternative would be adjacent to an existing pipeline route but much of proposed preferred route along
an existing pipeline is within forest land so pipeline construction would increase the width of the existing
pipeline corridor through the forest (see discussion above, this page). The Luzerne-Carbon alternative
would avoid creating larger corridors. However, overall there would also be a 15 acre increase in the
clearing of forested land for the alternative, or a 4% increase, as well as 28 stream crossings for the
Luzerne-Carbon alternative as opposed to 21 stream crossings for the proposed preferred route.
However it is necessary to consider the specifics of the crossings to adequately consider whether one
would be more impactful.
The most obvious advantage of the Luzerne-Carbon alternative is that just 1.5 acres of wetland would be
affected by construction while for the proposed preferred route, 12 acres would be affected. The DEIS
does not compare wetland type or value, but the much smaller area for the alternative suggests it could
be much less impactful. Also, the Luzerne-Carbon reach also includes the extremely saturated wetland
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area just south of I-80 on the proposed route, which the DEIS describes as a difficult area for
construction (DEIS, p 4-69 and discussion below in Section 3.33). The DEIS alternatives comparison fails
to consider the advantages of not constructing the pipeline through this wetland.
The DEIS notes the increase in stream crossings and small increase in forest area clearing in its rejection
of the alternative (DEIS, p 3-11). The increases are not discussed regarding the quality of the streams or
forest affected, nor does it consider the value of the wetlands not impacted, so the DEIS does not
provide adequate evidence in support of the choice of the proposed route.
Another factor not considered by FERC in any comparison among alternatives is the temporary work
spaces. In forests areas and wetlands, the additional space needed for construction activities could
increase the impacts beyond that considered in the alternatives. This would be most apparent with
respect to forests, where trees may be removed to provide construction space. The DEIS must disclose
if forests could be cut to provide additional work space.

3.12 Bucks County Alternative
The Bucks County Alternative would replace the proposed preferred route between MP 75.8 and 99.3.
It would be 3.8 miles, or almost 16% shorter, than the proposed route. It would affect just 2.4 acres of
wetlands while the proposed preferred route would affect 6.3 acres and the Bucks Count Alternative
would have 37 rather than 40 stream crossings. The Bucks County Alternative would affect 38 more
acres of forest for a 24% increase. This alternative would include a “lateral pipeline to the proposed
Gilbert Interconnect” (DEIS, p 3-14) which would require a crossing of the Delaware River. DEIS Figure
3.3.1-3 which shows the layout of the proposed preferred route for the pipeline and the Bucks County
Alternative does not show the lateral. However, the wetland mapping does show the lateral (Figure 1).
The DEIS does not compare in any detail the quality of the wetlands or stream crossings affected by
either alternative. However, the wetlands and topographic mapping (RR1, Appendix D) provides a sense
of the proposed route. Figure 2 shows that the proposed preferred route would cross several relatively
incised streams with substantial floodplain wetlands, which from mapping appear to be valuable areas.
Based on the crossings and wetlands, the Bucks County Alternative route appears less environmentally
damaging from a water resources perspective, contrary to the simple comparison made by FERC (DEIS, p
3-17).
A primary argument against the alternative is the second crossing of the Delaware River (DEIS, p 3-17).
However, with respect to environmental impacts, a horizontal direction drill (HDD) crossing could be less
impactful, especially if the platform staging areas for HDD were not in sensitive habitats, a factor the
DEIS failed to consider.

7
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Figure 1: Snapshot from wetlands map (RR1, Appendix D, p 22) showing Gilbert lateral.

Figure 2: Snap shot of Wetlands Inventory map (RR1, Appendix D, p 23) showing the proposed route from
about MP 81.5 to 86.
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3.2 Small Variations in Pipeline Route
The DEIS considered small variations in the proposed preferred pipeline route, accepting some and
rejecting some. Additionally, several sections of the proposed preferred pipeline route were visited and
new proposals made below in section 3.22.

3.21 Small Routing Changes
DEIS Table 3.3.2-1 lists various small changes in the proposed preferred route that were supposedly
evaluated and Appendix F provides maps. Some were incorporated into the proposed preferred route
and others dismissed, with brief reasons indicated for incorporation or rejection. The longest proposals,
variations numbered 7 and 9, appear to have been proposed for watershed protection reasons by the
Bethlehem Authority watershed district but were rejected. These proposals are both longer than ten
miles but the DEIS does not provide reasons for their rejection. Route deviation 7 (DEIS App F, p F-5)
would run the pipeline east and upstream of Beltzville Reservoir and avoid a crossing of that reservoir
which would seem to be desirable.
The reason listed for rejection of No. 9 is engineering constraints associated with crossing Beltzville Lake.
An HDD crossing should be possible at most any point under that lake, albeit longer than at the
upstream end. Environmental benefits could outweigh cost issues and should be better discussed in the
DEIS. Additional evaluation of DEIS variations 7 and 9 (DEIS, Section 3.3.2), given their watershed
protection benefits, is a significant failing of the DEIS analysis.

3.22 Alternative Routings
In some reaches, the proposed pipeline would be in an existing right-of-way. As part of my review of the
401 certification application, I visited many proposed pipeline sites. This section outlines a number of
deficiencies identified during those site visits.
Aquashicola Creek Crossing (MP 49 to 49.7): The proposed preferred route crosses an extensive
wetland and parallels Aquashicola Creek for more than half a mile (Figure 3). The proposed preferred
route appears to almost maximize the amount of wetlands and floodplain affected by the pipeline. The
pipeline crossing the floodplain could significantly divert groundwater flow and affect wetland water
balances and baseflow in the creek. Direct impacts due to construction on the creek are also obvious.
The values of the wetlands on the floodplain are obvious from a site visit, with Aquashicola Creek
meandering through dense shrub/herbaceous vegetation (Photo 1).


Penn East should consider extending the straight reach from MP48.5 to 49.0 another
approximate 0.2 miles across the stream, floodplain, and wetlands prior to diverting southward.
An obvious location for the new layout to intersect the pipeline would be at about MP 49.75
where the proposed pipeline changes direction to go southeast. This proposal would require
negotiating a route through some Blue Mountain Ski Area facilities but this would be less
environmentally damaging than the proposed layout. There would also be less potential for
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construction to disturb polluted groundwater or aerially deposited sediments due to the
Palmerton Zinc Pile Superfund Site (EPA 2011). There would be much less impact on wetlands
and less direct stream crossing.

Figure 3: National Wetlands Inventory map of the proposed PennEast Pipeline along the Aquashicola
Creek.
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Photo 1: Floodplain and stream along Aquashicola Creek near Little Gap, PA.
Monocacy Creek, MP 60.0 to 60.5: The pipeline in this vicinity would border on a steep slope southwest
of Klein Hill (Figure 4) and crosses a broad floodplain with a small stream providing groundwater
discharge to Monocacy Creek (Photo 2). The route avoids the White Tail golf course but in so doing it
impacts the floodplain (Photo 2) thereby affecting groundwater discharge to Monocacy Creek. Its route
along the steep slopes may also cause erosion or intercept groundwater flowing from Klein Hill to the
Monocacy Creek tributary (Figure 4). The crossing of East Branch Monocacy Creek near MP 61.5 (Figure
4) also involves the pipeline cutting vertically down a steeper slope.


Penn East should consider an alternative route through this area to improve the crossing of both
creeks just mentioned. Directing the proposed route east across Klein Hill would miss wetlands.
All potential routings in this vicinity are in need of greater consideration.

11
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Figure 4: Snapshot of proposed pipeline near Monocacy and East Branch Monocracy Creek, near Bath,
PA. MP 59.5 to 62.

Photo 2: Floodplain and small groundwater fed stream just above confluence with Monocacy Creek near
MP 60.25.
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Mill Creek, MP 12.0: Mill Creek near MP 12.0 likely should have a different layout (Figure 5). The
proposed pipeline would parallel the stream next to a hillslope for about 0.3 mile (Figure 5). However,
most of the alluvium forming the base of the valley lies north of the proposed pipeline. The pipeline
trench could likely divert much of the groundwater discharge from the alluvium away from the stream
during low flow conditions. A preferred alternative would have the pipeline cut directly across the
floodplain at about MP 12.1 and merge with the current layout at MP 11.5.

Figure 5: Snapshot of the wetlands map for MP11.5 to 12.5.

3.3 Alternative Designs and Construction Practices
3.31 Trench Plugs
Trench plugs are a factor in the design that are poorly analyzed. As described in the DEIS:
Permanent trench plugs are intended to slow subsurface water flow and erosion along the
trench and around the pipe in sloping terrain. Permanent trench plugs will be constructed with
sand bags or an equivalent as identified in the permit requirements. On severe slopes greater
than 30 percent, “Sakrete” may be used at the discretion of the Chief Inspector. Topsoil shall not
be used to construct trench plugs. Permanent trench plugs, which are used in conjunction with
waterbars (slope breakers), shall be installed at the locations shown on the construction
drawings or as determined by the EI. Trench plugs shall be installed at the base of slopes
adjacent to waterbodies and wetlands, and where needed to avoid draining of a resource. (DEIS,
Appendix D, section 9.5.8.1)
Trench plugs are used to interrupt flow along a trench, which could be considered preferential flow as
discussed elsewhere in this memo. However, Penn East does not analyze how trench plugs would
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operate or whether they would do as claimed. A plug presumably with lower conductivity than the rest
of the trench backfill would interrupt flow through the trench and potentially cause water to discharge
to the ground surface. FERC does not provide for accommodating this surface flow or consider how it
changes groundwater flow.


The alternative design that must be considered would include a drain through the plug to lower
the hydrostatic pressure in the trench caused by the plug and a plan for discharge of trench flow
that may discharge to the surface.

3.32 Stream Crossing Methods
There would be 165 and 90 stream crossings in Pennsylvania and New Jersey, respectively (DEIS, p 2-9).
All dry stream crossing construction methods would involve development of a trench across the stream
with subsequent backfill. Dry stream crossing techniques involve temporarily diverting the stream from
the streambed so that trenching occurs without flowing water, using either a flume or a dam and pump
method (RR2, p 2-28; RR1, p 1-84, -85). The method used to trench and install the proposed pipeline
would not influence the effect that trench and streambed crossing could have on groundwater/surface
water relations near the crossing.
Trench backfill would have different conductivity than the surrounding alluvium, usually lower if the
trench backfill is compacted and the surrounding is alluvium. The trench therefore would hydraulically
impede groundwater flowing parallel to the stream and force it to surface into the stream. Depending
on conditions downstream of the trench, the surface water would either percolate back into the
alluvium or continue flowing as surface water, leaving less water stored in the alluvium than would
otherwise be stored there. This could result in lower baseflow downstream of the trench because the
trench effectively dams the groundwater flow so that groundwater discharges to the stream at times
when the aquifer should be filling with percolating surface water. Each crossing is a different
circumstance, but the DEIS has not analyzed the groundwater hydrology near any of the crossings.


The DEIS should present an analysis of the hydrogeology at each crossing to assure that the
design impacts groundwater flow the least and preserves surface baseflow.

Horizontal borings would affect the groundwater flow and groundwater/surface water interactions
much less than trenches with backfill. This is simply because the bores have less effect on the
overburden above the pipeline and do not interrupt the groundwater flow.


The DEIS should present, on a site-by-site basis for each waterbody crossing, whether a
horizontal boring would be less impactful to groundwater and cause less decrease to baseflow
than would a trench. The DEIS should present environmental benefits of boring in each
instance.
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Alternatively, PennEast should consider an alternative backfill design which would allow flow
through the backfill with less impedance than would otherwise occur.6

Some of the crossings discussed in section 3.32 are obviously better suited for horizontal borings rather
than dry trenches. These include Aquashicola Creek and Monacacy Creek, and Hokendauqua Creek.
Streams with potentially contaminated sediments, such as East Monacacy Creek, are also better suited
for boring rather than trenching.


All crossings listed in DEIS Table G-5 (for Pennsylvania) and G-6 (for New Jersey) should be
considered with respect to whether a boring would be preferable. The most obvious candidates
are those proposed to have a dry crossing but are also FERC class intermediate (for 10 to 100
feet wide) or major. Large crossing widths with small watersheds are more likely to have
streams dependent on groundwater, because large width indicates higher flow and a larger
floodplain and small watershed suggests less surface water runoff in the stream.

The crossing of Mud Run at MP 33.1 (Photos 3 and 4) presents several challenges. It is a FERC
intermediate crossing with a very large watershed and proposed dry crossing. However, it has a bedrock
channel, as shown in Photo 3. There is also a groundwater dependent tributary running on floodplain
(Photo 4). A trench would intercept much of the groundwater flow in the alluvium which would support
baseflow in this channel. This crossing should be done with an HDD which would have the added
advantage of not trenching along a steep side canyon on the north side of the stream that likely is highly
erodable.

6

Such a design could include high conductivity zones in the backfill, such as created by bedding the pipeline with
gravel or topping the trench with gravel. An obvious problem with this alternative design is that trench backfill
with higher conductivity may just create preferential flow paths and allow the trench to fill with water. The
recommendation is for PennEast to consider the alternative, including feasibility issues discussed here.
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Photo 3: Bedrock stream bottom in Mud Creek near MP 33.1

Photo 4: Spring flow on floodplain near MP 33.1.
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3.33 Wetland Crossing Methods
Open trenching is the primary means of crossing wetlands, regardless of wetland type or value (RR2, p 255). PennEast has done no analysis of the impacts of trenching across wetlands nor does the DEIS
present any analysis. That analysis specifically should be of groundwater flows through the wetland.
Most of the wetlands are at least partly groundwater dependent with the wetland being supported by
lateral groundwater flow into the wetland area. The trench would intercept some of that groundwater
flow causing it to surface, as described in section 3.32.
A good example occurs at about MP 29.6 where the pipeline crosses an existing wetland that depends
on groundwater for support (Figure 6, Photo 5). There is no obvious surface water inflow, other than
storm runoff (Figure 6). The wetland straddles a minor topographic divide, so the area supporting the
south end of the wetland is limited. A trench that causes groundwater to surface could significantly
change the water balance in the south end of the wetland thereby causing it to be lost due to indirect
impacts - indirect being not direct construction but a loss of water.


At wetlands like this, PennEast should consider whether a deeper boring could prevent indirect
losses of wetlands. They should do this for all significant wetlands crossed by the proposed
pipeline.

Figure 6: Map of wetland and topography near MP 29.6.
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Photo 5: Groundwater dependent wetland, MP 29.6. Shows vehicle damage.
The existing pipeline corridor provided access to many areas for inspection, but it was also obvious that
the pipeline corridor allowed 4WD access to water features along the pipeline. At MP 29.5 in Hickory
Run State Park, vehicles using the pipeline for access had damaged a wetland the proposed preferred
route for PennEast would cross (Photo 6). This access allows repeated and continual damage to water
resources near the pipeline.


Penn East should limit vehicular access to any pipeline ROW. The DEIS should assess the
potential for ancillary damages to water resources (and other features) caused by the pipeline,
such as due to enhanced access. The DEIS should also discuss how to prevent and mitigate
these damages, including closing areas to vehicular access and providing enhanced enforcement
strategies (gates alone do not work ATVs go around them).

18

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Photo 6: Vehicular damage to wetlands near MP 29.5 in Hickory Run State Park.

4.0 IMPROPER DISCLOSURE: SECTIONS OF THE PROJECT NOT ANALYZED
FOR THE DEIS
The DEIS lists means by which various resources will be affected by the project. However, the DEIS fails
to present a full inventory of these resources or to fully survey the potential, known and foreseeable
impacts. It is not proper for the DEIS to suggest that essential construction, data gathering or analyses
simply be completed “prior to construction” or even “during the DEIS comment period”.
PennEast proposed to use HDD for eleven crossings, including five waterbody crossings, but would
present site specific plans at a later date (DEIS, p 4.51). Aspects of the plans that could be critical at
those crossings were not made available for public review as part of this DEIS. Such plans would include
the “location of mud pits, pipe assembly areas, and all areas to be disturbed or cleared for construction”
(Id.). These areas all have potential impacts far exceeding general pipeline construction. The DEIS
should also justify that the crossing areas and methods are “the minimum needed to construct the
crossing” (Id.), and that the public to be able to review this aspect of the design. The containment plans
for spills of drilling mud and other contingency plans should also be included as important elements in
the DEIS for discussion and review.
The DEIS fails to disclose sufficient details about proposed water sources for hydrostatic testing.
PennEast anticipates using 18 million gallons for hydrostatic testing, but have proposed only preliminary
water source locations and volumes (DEIS, p 4-52 and Table 4.3.2-7). The proposed locations differ from
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the locations presented in Table 2.4-1 of RR2. The most obvious difference is that in the RR2 table, most
sources are from streams and/or lake whereas the DEIS table lists hydrants. Hydrants presumably
means they will draw water from a municipal source or that for some sections they will use water from
other sections where the “Potential Source” is a “Jumper from Section *” where * is one of the pipeline
section numbers.
The DEIS indicates that PennEast would commit to maintaining flow rates adequate for downstream
uses including aquatic life, water body designated use or withdrawals (DEIS, p 4.52). However, the DEIS
does not indicate any standard for determining the adequate amount of water, therefore there is no
way for the public to review the analysis or have confidence in the DEIS statements. With respect to
municipal withdrawals, the DEIS does not address how to prevent the withdrawal from having
deleterious effects on the municipal water supply, including the ability to fight fires. It is not appropriate
to assume the water purveyor contracted with will have sufficient control to actually prevent a
withdrawal when it would overtax their system.
DEIS Table 4.3.2-7 lists discharge locations simply as coordinates without listing the receiving stream.
This is insufficient disclosure because it is not an analysis of the effects of the discharge on the receiving
stream, including limits on the potential flow rate which could be important if the stream is small and
the discharge of hundreds of thousands of gallons of water could cause erosion or upset ongoing
biologic processes (for example, discharge near a redd7 could cause localized sedimentation or erode
the streambed). It is also important to assess the effects of discharging treated water, with potential
chlorine or byproducts, into the surface water because those chemicals could affect aquatic biota.
Alternatively, if the plan is to actually use discharge water from one section to test another, the DEIS
should disclose the details of those plans. Details on capturing water discharge from the pipeline
section being tested are necessary so that the potential for spills can be assessed. If near a stream
crossing, the potential chemicals in any spilled water should be disclosed.
The DEIS acknowledges that PennEast has not provided details of its water withdrawal plan by
recommending that PennEast file a final plan prior to construction (DEIS, p 4-52). The DEIS indicates
that some of the factors noted above in this memorandum should be provided prior to construction, but
that is not public disclosure as required by NEPA. Specifically, the DEIS notes that PennEast should
provide a “plan detailing the decision process for determining when an alternative water source would
be used during exceptional dry periods” (DEIS, p 5-5).


The DEIS should include and analyze the plan for water withdrawal for hydrostatic testing and its
discharge.

The DEIS also fails to disclose impacts to surface water resources due to pipeline construction. It
acknowledges that “clearing and grading of streambanks, in-stream trenching, blasting, trench
dewatering, inadvertent returns from HDD operations, and potential spills or leaks of hazardous
7

A redd is a spawning area or nest made by salmonids.
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materials” (DEIS, p 4-55, p 5-6) could affect surface waters. It lists several potential impacts including
(DEIS, p 4-55):







Modification of aquatic habitat
Increased runoff and in-stream sediment loading
Decreased dissolved oxygen
Releases of pollutants from sediments
Modification of riparian areas
Introduction of chemical contaminants to waterways

The DEIS essentially repeats this noting that the “extent of the impact would depend on sediment loads,
stream velocity, turbidity, bank composition, and sediment particle size” (DEIS, p 4-55). It does not
quantify either the existing conditions or describe how the pipeline would affect the existing conditions.
For each water crossing, the DEIS could easily describe the stream velocities, expected range of flows,
bank composition, bed sediment sizes and contaminants present on those sediments, riparian
conditions, and stream type (Rosgen and Silvey 1996). Using this information the DEIS could make at
least semi-quantitative descriptions of the impacts pipeline construction will cause to the stream. HDD
crossings would cause substantially fewer impacts to the stream, especially concerning changes in
sediment transport and riparian vegetation (outlined at DEIS p 5-6).


The DEIS should present detailed analyses for each stream crossing of the potential for the
crossing to change flow velocities, sediment transport, and stream type. The DEIS should
discuss alternative crossings including underground borings.

The DEIS similarly fails to prescribe crossing methods. As discussed above, the default crossing method
should be with HDD, as PennEast will do at some crossings (DEIS, p 4-68). Justification for other crossing
methods should be included in the DEIS. As part of an analysis of the impacts, the DEIS must consider
the potential for the trench to affect groundwater flow as analyzed in section 7.2 of these comments. It
is not proper to conclude there will be no permanent loss of wetland area without analyzing whether
the trench causes a change in groundwater level which would affect wetlands right at the trench.
Additionally, a change in groundwater level could cause a lasting change in wetland vegetation contrary
to DEIS claims (DEIS, p 4-70).


The default plan should be to construct stream and wetland crossings using HDD. To use a
different crossing method, PennEast should be required to justify the change and that
justification should be part of the DEIS.

Pipeline construction would require blasting in places (DEIS, p 4-13, -55), especially where depth to
bedrock is shallow or where there are significant very large boulders that could need breaking prior to
removal. Mud Run at MP 33.1 (p 14) is a good example of such a location. Blasting leaves nitrogen
which can run off with stormflow and enter streams as nitrate or ammonia. The DEIS does not even
mention this possibility, although EISs for other types of projects, such as mines, that would use
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substantial explosive, often discuss the potential addition of nitrogen loading extensively. The
discussion on blasting (DEIS, p 4-58) concerns worker safety, not environmental impacts.


The DEIS should analyze and discuss the potential for blasting along the pipeline route to cause
nitrogen pollution.

The DEIS also fails to present a complete inventory of delineated wetlands. The proposed preferred
project route would cross 106 and 104 wetlands in Pennsylvania and New Jersey, respectively. PennEast
could not do field delineations for 23% of the proposed preferred route within Pennsylvania (DEIS, p 465). PennEast completed field delineations at just 31 locations in New Jersey, or just 11 miles of the 36
miles of pipeline within New Jersey (DEIS, p 4-66); that calculates as only 31% of the project in New
Jersey. Remote sensing methods used to “approximate the locations and boundaries of wetlands”
(DEIS, p 4-65) have a large margin of error. Cumulatively the likely inaccuracies of mapping numerous
small wetland areas along a pipeline ROW could be very high, rendering the estimates of wetland area
(DEIS, p 4-66) very suspect and highly deficient. Simply requiring PennEast to file a delineation report
prior to construction (Id.) is not appropriate disclosure as required for a DEIS. The DEIS has a similar
failing to disclose the presence of vernal pools (DEIS, p 4-68).


The DEIS should contain a complete inventory of delineated wetlands and vernal pools. The
inventory should be based on field survey.

The DEIS particularly highlights one wetland area that is very saturated and at which PennEast will have
a great many problems with construction (DEIS, p 4-69). Contractors in the past have been unable to
contain the wetland soils within a 75-foot construction corridor (Id.). The requirement that PennEast file
“special construction methods that it would implement during construction in extremely saturated
wetlands” by the end of the DEIS comment period (Id.) is insufficient disclosure because it does not
provide the public with time to review it. The DEIS must include an analysis of the impacts that the
proposed crossing method would have on the wetlands at issues. A specific, wetland by wetland
analysis, of potential impacts associated with each crossing needs to be provided as part of any DEIS.


A proper “Project-specific Wetland Restoration Plan” (DEIS, p 4-73) should be made available for
public review as part of the DEIS rather than simply prior to construction (Id.).

DEIS Section 5.2 is a list of FERC-recommended mitigations. However, most of the recommended
mitigation is actually necessary studies or analysis that should be completed for public review as part of
the DEIS. Recommendations 15 through 27 concern water resource related issues. The need for some of
these has been discussed above. Specifically, recommendation 22 is to identify the water sources and
discharge locations for the hydrostatic test plan. Recommendation 24 requires a complete wetland
delineation report and recommendation 25 does the same for vernal pools. Recommendation 26 is for a
plan for crossing “extremely saturated wetlands”. Recommendation 27 is for a wetland restoration
plan.
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The effects of FERC mitigations, and all others in DEIS Section 5.2, should be analyzed and
disclosed in the DEIS; after the fact preparation and release is inappropriate given the significant
impacts of each and every one of these items individually and cumulatively.

5.0 IMPROPER DISCLOSURE: FAILURE TO DESCRIBE OR INVENTORY
FEATURES OF GROUNDWATER HYDROLOGY IMPACTS
Construction and operations of the proposed pipeline affects groundwater in numerous ways that can
then affect surface waters and wetlands. If the proposed project decreases groundwater recharge, it
will decrease the groundwater discharge as well. That discharge controls baseflow and maintains the
water level in wetlands during dry periods. Trench construction and backfill changes the conductivity of
the formations which either causes preferential flow or blocks flow. Higher conductivity leads to
preferential flow which can cause an aquifer to drain more quickly and ease the pathway for
contaminants to reach wetland and streams. Lower conductivity backfill would restrict groundwater
flow that intersects the trench and possibly divert from its natural discharge point or even cause it to
surface. All of these factors can decrease surface baseflow, cause wetlands to dry more quickly, and
cause more contaminants to reach streams and aquifers. The DEIS considers hydrogeology only in a
cursory fashion, not analyzing these specific impacts at all.
In broad terms, the subsections that follow address the inventory and descriptions of recharge, aquifers,
soils and special features.

5.1 Recharge
The DEIS does not describe groundwater recharge, and therefore fails to describe one of the most
important factors of the hydrogeology of the area. Because many aspects of the project could affect
recharge, failing to describe the process in the project is a serious deficiency. The following discussion of
recharge is from a review of RR2.
The recharge map (RR2, Figure 2.2.4-1 for Pennsylvania) shows broad areas of equally distributed
recharge. Distributed recharge means the recharge estimate is based on recharge being spread over a
broad area. The rate is simply a streamflow, assumed to emanate from recharge over the entire area,
divided by area expressed in length/time, usually inches/year. It does not account for heterogeneities in
the geology, such as those caused by faults or anticlines (the folding away from the crest of an anticline
causes tension cracks in the bedrock which allows more meteoric water to enter the aquifer at the crest
than elsewhere) or topography, which causes the location of recharge to be highly variable across the
area.
Recharge in RR2 (Figure 2.2.4-1) was estimated using Wolock (2003), a nationwide digital data set of
recharge estimates on a nationwide grid of 1 km grid cells. The abstract for Wolock (2003) noted: “This
1-kilometer resolution raster (grid) dataset is an index of mean annual natural ground-water recharge.
The dataset was created by multiplying a grid of base-flow index (BFI) values by a grid of mean annual
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runoff values derived from a 1951-80 mean annual runoff contour map. Mean annual runoff is longterm average streamflow expressed on a per-unit-area basis”. Reese and Risser (2010) noted that
Wolock emphasized that recharge values “are strictly for the long term, and qualifies the use of the
results and method” (Reese and Risser 2010, p 9) and that “site-specific recharge values are not
expected to be accurate because of the generalization of data over time and space” (Id.). Therefore,
the values in RR2 should not be considered to represent the specific recharge at a point, such as the
pipeline route.
Reese and Risser (2010) presented a different recharge estimate methodology for the state of
Pennsylvania based on estimates for HUC10 watershed scales, which in Pennsylvania range from about
50 to 400 square miles. Comparison of Reese and Riser (2010) Plate 3 and RR2 Figure 2.2.4-1 does not
suggest substantial differences between the estimated rates determined with the two methods. Reese
and Risser (2010) Plate 5 indicates the estimation errors in the area of the pipeline (in PA) range from
2.0 to 3.83 inches. The regression equation used to develop the statewide estimates (Risser et al. 2008)
had the following significant independent variables, which are factors that explain recharge.







Mean annual precipitation – more precipitation leads to more recharge, all else being equal.
Factors that concentrate precipitation in an area should also increase the recharge.
Average daily maximum temperature – this would be a surrogate variable for
evapotranspiration and recharge likely decreases as this variable increases.
Percent carbonate rock – carbonate rock is very conductive and this variable is a surrogate for
the control that geology exerts on recharge. A larger percentage of carbonate rock means more
recharge.
Percent sand in soil – this relates to the infiltration capacity of the soil, so that more sand means
more recharge.
Average stream channel slope – this would be a surrogate for more relief which would probably
relate to relief and steepness, with more runoff and less recharge occurring where the slope is
steeper.

Although these factors were developed at a watershed scale, they could represent factors at a point.
Pipeline construction can significantly affect soils and vegetation (Pierre et al. 2015), which would
primarily be represented as percent sand in the Risser et al regression equation. Effects on soils would
primarily be compaction and lost vegetation.
Based on information available in scientific literature, and including the discussion already found in RR2,
the DEIS could and should assess how pipeline construction would affect the factors discussed above
and use the Risser et al regression to describe how pipeline construction would affect recharge. Failure
to assess, discuss and evaluate the impacts of the proposed pipeline project on recharge is a significant
failing that must be remedied and subject to public review and comment along with the other
corrections this expert and others are recommending.
Section 7.1 of this report provides additional details and quantifies the effects of the proposed pipeline
on recharge.
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5.2 Aquifers
The DEIS only briefly discusses aquifers, primarily regarding surficial aquifers as till or alluvial aquifers. It
discusses bedrock aquifers at two levels, first as four principal aquifers along the route (DEIS, p 4-26 and
Table 4.3.1-1) and second based on the 40 bedrock formations that underlie the pipeline (DEIS,
Appendix G-4). Therefore, there are up to 40 different sets of average transmissivity and groundwater
storage properties along the pipeline which means up to 40 different average responses to stresses on
the aquifer; I note “average” because each of the bedrock formations are heterogeneous so there is
variability both within a bedrock formation and among formations. The DEIS does not provide maps of
the aquifers nor any information on the hydraulic properties of the formations; the listing of bedrock in
Appendix G-4 is limited to the formation name and Appendix G-2 provides detailed geologic descriptions
but no hydrogeologic properties. The description of bedrock aquifers as “composed of unbroken solid
rock …” (DEIS, p 4-28) is incorrect because it is primarily through fractures that any groundwater can
flow. If the bedrock was truly unbroken, there would be no flow.
Bedrock beneath the shallow aquifers controls whether recharge circulates deeply or flows a short
distance and discharges to a surface channel; at a small scale such as on ridge tops or slopes the
channels are probably small. Fractures control where recharge enters the bedrock as well as how
contaminants circulate through the aquifers. Fractures allow a higher proportion of the recharge to
enter the bedrock whereas areas with no fractures will force most of the recharge to flow elsewhere
and possibly recharge at points away from where the precipitation falls. Two factors, the formation type
and topographic position, control bedrock fractures, and therefore conductivity, specific yield, and the
ability for recharge to enter the bedrock and how deeply it circulates.
The failure to describe aquifer properties is a severe shortcoming of the DEIS. There is some data
available which should have been used along with further exploration to discuss aquifer properties and
assess the implications for groundwater, recharge and water quality issues. Taylor (1984) describes the
properties of bedrock aquifers that underlie the pipeline from MP 0.0 to about 62.8. Low et al (2002)
describes the properties of underlying bedrock formations from MP 62.8 to about 77.6, through
Northhampton and Bucks County. Herman (2001) describes in detail the properties of bedrock aquifers
through the Newark Basin of New Jersey. Poth (1972) discusses the Martinsburg Formation. Rather
than relying just on broad generalizations, the DEIS needs to discuss details of the bedrock underlying
the pipeline by milepost, as it does for soils and wetlands.
Table 1 shows relevant properties for bedrock types underlying the preferred pipeline route proposed.
The table emphasizes the variability between minimum and maximum yield as an example of the
heterogeneity of the formations. The DEIS should include a much expanded but similar table of bedrock
properties. As discussed below, these properties considered with soil properties and the topographic
location along the pipeline can be used to assess the effect the pipeline will have on recharge.
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Table 1: Hydrogeologic properties of bedrock formations near the PennEast pipeline. SC is specific
capacity. All data from Taylor (1984) and Low et al. (2002), unless otherwise specified.

Formation

Min
Yiel
d

Max
Yiel
d

Domestic
Median
yield

Nondomestic
median yield

Comments

Catskill

0

300

12

35 1146 well analyzed

Pocono

3

350

12

18

Mauch Chunk

0

710

25

50

Llewellyn

2

50

10

Pottsville

5

300

25

Spechty Kopf

Jacksonburg

Allentown

6

15
Hamilton Group

1

900

10

65 Hamilton Group

-

2

650

10

2

500

6

part of Onondaga and Old Port
122 Formatin

-

Bloomsburg
Shawangunk

60

-

Ridgeley
Decker

a thin formation between the
Catskill and Pocono
1

Marcellus
Buttermilk Falls
Limestone

48

-

Trimmers Rock
Mahantango

limited data, just seven domestic
wells

66

-

1 1200

5 1500

17

dolomite (Drake 1965), properties
from Lehigh County (Sloto et al.
75 1991)

30

dolomite (Drake 1965), properties
from Lehigh County (Sloto et al.
150 1991)
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Leithsville

2 1000

Min
SC

Max
SC

dolomite (Drake 1965), properties
from Lehigh County (Sloto et al.
250 1991)

25

Median SC

Yield
(gpm
)

Hardyston

0.04

Felsic to mafic
gneiss

-

Hornblende
gneiss

-

Trenton gravel

0.01

Igneous and
metamorphic
rocks

-

Brunswick
conglomerate

-

Brunswick

0.07

140

1.5

60

1.3

Lockatong

0.05

40

0.4

10

0.78

Stockton

0.07

75

1.3

60

1.2

Diabase

0.01

5

0.12

7.5

Martinsburg

0.06

10

0.61

1

Jacksonburg

Allentown

Leithsville

0.01

0.03

0.18

18

0.57

31

80

6.6

105

Media
nK
(ft/d)

Comments

0.24

430 very shallow

Conglomerate for other formations,
but not Brunswick

34

125

375

very few, very shallow fractures
Northhampton County only, K from
1.3 model calibration (Sloto et al. 1991)

1.2

properties from Lehigh County, K
from model calibration (Sloto et al.
3.1 1991)

4.3

properties from Lehigh County, K
from model calibration (Sloto et al.
47 1991)

2.4

properties from Lehigh County, K
from model calibration (Sloto et al.
125 1991)
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Taylor further describes the variability in yield as a function of topography:
Wells in higher topographic positions (hilltops and hillsides) have smaller yields than those in
lower topographic positions (valley, gullies, and draws). Valleys and draws often form where
the rocks are most susceptible to physical or chemical weathering. Hilltops are generally
underlain by more resistant rocks. Lithologic variations and weaknesses in rocks caused by
bedding partings, joints, cleavage, and faults promote rapid weathering and can produce low
areas in the topography. These types of geologic features often occur in high-permeability
zones which yield significant amounts of water to wells. (Taylor 1984, p 29).
Specific capacity provides guidance regarding the yield throughout the depth of the wells, whereas
shallow fractures would allow recharge to enter the bedrock and deep fractures control how deep the
recharge circulates (Taylor 1984). Most bedrock formations have the maximum fractures between 100
and 150 feet bgs with the Catskill Formation having the most fractures from 150 to 250 feet bgs (Taylor
1984, Table 7). Hamilton group bedrock has relatively more fractures near the ground surface, between
0 and 50 feet bgs than other formations (Id.). The topographic position therefore better describes the
tendency for surface fractures and describes locations where bedrock is most receptive to recharge.
Lower specific capacity on ridges means that recharge will remain in the shallow till or alluvial aquifers
mantling the bedrock. As noted, the depth to bedrock in many areas is only a few feet so recharge flows
as shallow groundwater. The shallow groundwater flow from ridgetops reaches drainages, usually high
elevation first order drainages, where the bedrock has higher yields and some of the shallow
groundwater enters it. Details of the impacts are further discussed in section 7.1.





The DEIS should provide a table of bedrock aquifers that includes relevant properties, including
specific capacity statistics or well yields, and conductivity where available. If properties for a
given bedrock aquifer have not been published, it is reasonable for PennEast to complete the
analyses for existing wells.
The DEIS should discuss the roll of topography in controlling conductivity and how fractures
control conductivity and how deep recharge may reach in the bedrock
The DEIS should assess the implications for the water resources that will be impacted by the
proposed preferred route and alternative routes considered.

5.3 Soils
5.31 Contaminated Soils
DEIS Section 4.2 describes soils to be crossed by the proposed preferred pipeline route and RR7 is the
PennEast soils report which provides more detailed maps showing soil types along the proposed
preferred route (RR7 Figure 7.1-1) and tables listing characteristics of the soils along the pipeline (RR7,
Tables 7.1-1, -2). DEIS Table 4.2.1-1 summarized critical soil characteristics including poorly or very
poorly drained, excessively drained, poor revegetation potential, high compaction, severe erosion
potential, prime farmland crossed, and slope by percent of proposed route length affected but is not
specific as to location. In addition to lacking this specific location information, these tables fail to
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consider characteristics which are collocated and as a result could lead to more critical conditions. The
DEIS is generally insufficient for consideration of the soil conditions on water resources impacted by the
proposed preferred route.
DEIS Table 4.2.1-2 shows potential groundwater or soils contamination along the pipeline route.
However, the table does not show the type of contamination at those sites. At no point in the DEIS is
there a discussion as to the effect the proposed pipeline could have on contaminated soils or, more
accurately, the potential for, and ways in which, the proposed pipeline could release contamination
from the contaminated soils thereby affecting the environment and natural resources.




The DEIS needs to provide a detailed assessment of soil conditions and potentials and the likely
ramifications for groundwater flows and contamination; this assessment must include the
presence and potential release of contaminated soils.
The DEIS must present mitigation plans to prevent currently contaminated soils from degrading
nearby groundwater due to construction disturbance and the enduring presence of the pipeline.

5.32 Soil Runoff and Recharge
Neither the DEIS nor RR7 discuss NRCS (1986) hydrologic soil groups, commonly known as A, B, C, or D
groups, considered the most important soils classification for hydrology (Pierre et al. 2015). Using the
NRCS methods, soils would be assigned a curve number which describes their runoff potential and their
sensitivity to disturbance. Disturbance of some soils would increases their curve number which
represents increased runoff and decreased recharge.
Pipeline disturbance to soils includes the removal of vegetation which when present shelters the soil
from raindrop erosion and protects/increase its capacity for rainfall recharge; and includes soil
compaction and furrowing caused by construction traffic on the soils which reduces the soil’s ability to
infiltrate and recharge rainfall and impacts the ability of the soil to support/encourage vegetation
regrowth. Highly compacted soils inhibit vegetation regrowth. Even when shrubs and trees are allowed
to regrow on compacted soils as part of a pipeline maintenance plan, and are able to regrow, their
ability to protect soils from erosion due to a healthy canopy and healthy root growth, as well as their
ability to encourage rainfall infiltration and recharge requires years and often decades to reestablish.
After construction, ongoing maintenance activities and inspection with heavy equipment can re-inflict
compaction impacts.
The impacts of construction of the proposed pipeline on soils, can have significant and enduring
ramifications for runoff, erosion, groundwater, stream baseflows and for supporting healthy habitats
required by wildlife.


It is important to understand and assess the quality of the soils that will be impacted by pipeline
construction, operation and maintenance. The DEIS needs to provide this needed analysis and
assessment.
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Table 2 shows the mileage for soils that have high compaction potential and poor drainage along the
pipeline developed from RR7 Table 7.1-2; the DEIS does not provide similar data. Approximately 9.25
miles or 7.8% of the total length of the proposed preferred route in both states, including laterals, have
high compaction potential and poor drainage. The slopes are moderate, with the steepest being 6%,
which is steep enough to generate significant runoff from disturbed slopes. Silt and clay make soil easier
to compact so pipeline reaches with high silt/clay could be most compacted which reduces recharge and
increases runoff.
Table 2: Soils subject to a high potential of compaction, by mile post. From RR7 Table 7.1-2.
Begin
MP

End MP
0

0

3.1

Length
(miles)

Drainage

Slope
(%)

Soil series

0.05 Poorly

6 Chippewa silt loam

3.1

0.05 Very poorly

2 Wayland silt load

5.5

5.5

0.05 Poorly

6 Rexford loam

6.2

6.3

0.1 Poorly

2 Holly Silt Loam

6.5

6.5

0.05 Poorly

2 Holly Silt Loam

13.1

13.3

0.2 Poorly

6 Rexford loam

16.8

16.9

0.1 Very poorly

4 Chippewa very stony silt loam

17.7

17.7

0.05 Very poorly

4 Chippewa very stony silt loam

17.7

17.8

0.1 Very poorly

24.5

24.5

0.05 Very poorly

26.5

26.6

0.1 Very poorly

4 Norwich very stony loam

27

27.3

0.3 Very poorly

1 muck and peat

29.5

29.6

0.1 Very poorly

1 muck and peat

30.1

30.9

0.8 Poorly

4 Shelmadine very stony silt loam

30.9

31.1

0.2 Very poorly

3 Lickdale and Tughill very stony loams

31.1

31.2

0.1 Poorly

2 Shelmadine silt loam

1 muck
3 Lickdale and Tughill very stony loams
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32.4

32.6

33.1

33.1

34.5

34.8

0.3 Very poorly

1 Papakating silty clay loam

35.1

35.4

0.3 Poorly

4 Shelmadine very stony silt loam

35.4

35.4

0.05 Poorly

4 Shelmadine very stony silt loam

36

36

0.05 Poorly

4 Shelmadine very stony silt loam

36

36.1

0.1 Very poorly

3 Lickdale and Tughill very stony loams

36.1

36.2

0.1 Poorly

4 Shelmadine very stony silt loam

36.1

36.1

0.05 Poorly

36.5

36.6

0.1 Poorly

4 Shelmadine very stony silt loam

36.6

36.8

0.2 Very poorly

3 Lickdale and Tughill very stony loams

0.1 Poorly

Alvira and Shalmadine very stony silt
4 loams

36.8

36.9

0.2 Very poorly
0.05 Poorly

3 Lickdale and Tughill very stony loams
2 Holly Silt Loam

2 Holly Silt Loam

36.9

37.2

0.3 Poorly

Alvira and Shalmadine very stony silt
2 loams

41.1

41.2

0.1 Poorly

Alvira and Shalmadine very stony silt
2 loams
Alvira and Shalmadine very stony silt
4 loams

41.2

41.5

0.3 Poorly

41.6

41.6

0.05 Poorly

2 Holly Silt Loam

45

45.1

0.1 Poorly

2 Holly Silt Loam

49

49.4

0.4 Very poorly

1 Papakating silty clay loam

53.5

53.5

0.05 Poorly

4 Andover-Buchanan gravelly loams

53.5

53.5

0.05 Poorly

4 Andover-Buchanan gravelly loams

31

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

53.7

53.7

0.05 Poorly

2 Andover-Buchanan gravelly loams

54.2

54.3

0.1 Poorly

2 Andover-Buchanan gravelly loams

54.3

54.4

0.1 Poorly

2 Andover-Buchanan gravelly loams

54.3

54.3

0.05 Poorly

4 Andover-Buchanan gravelly loams

55.9

56

0.1 Poorly

2 Brinkerton-Comly silt loams

56.7

56.7

0.05 Poorly

6 Brinkerton-Comly silt loams

58.5

58.5

0.05 Poorly

2 Brinkerton-Comly silt loams

59.2

59.2

0.05 Poorly

6 Brinkerton-Comly silt loams

60.3

60.3

0.05 Poorly

2 Holly Silt Loam

61.4

61.5

0.1 Poorly

2 Brinkerton-Comly silt loams

63.5

63.6

0.1 Poorly

2 Holly Silt Loam

70.9

71

0.1 Poorly

1 Fluvaquents

72.5

72.8

0.3 Poorly

4 Cokesbury-Califon channery silt loams

72.9

73

0.1 Poorly

5 Cokesbury silt loam

73.1

73.4

0.3 Poorly

4 Cokesbury-Califon channery silt loams

73.4

73.6

0.2 Poorly

5 Cokesbury silt loam

1.3

1.4

0.1 Poorly

5 Cokesbury silt loam

92.5

92.7

0.2 Poorly

1 Croton silt load

92.7

92.8

0.1 Poorly

1 Bowmansville silt loam

92.8

93

0.2 Poorly

1 Croton silt load

93

93.5

0.5 Poorly

1 Croton silt load

93.3

93.3

0.05 Poorly

4 Croton silt load
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94

94.1

0.1 Poorly

4 Croton silt load

94.3

94.3

0.05 Poorly

3 Croton silt load

94.5

94.6

0.1 Poorly

3 Croton silt load

94.5

94.6

0.1 Poorly

1 Croton silt load

95

95.1

0.1 Poorly

4 Croton silt load

97.4

97.5

0.1 Poorly

4 Reaville wet variant silt loam

104.8

104.8

0.05 Poorly

1 Bowmansville silt loam

105.9

106

0.1 Poorly

1 Bowmansville silt loam

108.3

108.3

0.05 Poorly

Doylestown and Reaville variant silt
1 loams

112.7

112.9

0.2 Poorly

Doylestown and Reaville variant silt
1 loams

Individual reaches shown in Table 2 are mostly less than 0.3 miles in length, with a 0.8 mile reach at MP
30.1 being an exception.


The DEIS needs to provide detailed information on soils that have high compaction potential and
poor drainage along the pipeline along with pipeline mile posts.

Furthermore additional details are needed that are critical to determine the significance of the impact of
the pipeline construction and the enduring footprint of its ROW for runoff, recharge, erosion, and water
quality impacts. Among the additional factors needed is the depth to bedrock. Depth to bedrock is
essential because it defines the soil and shallow aquifer thickness through which groundwater interflow
would occur. RR6 presents depth to bedrock only as related to soil types and without mile posts (RR6,
Table 6.3-4). The DEIS presents depth to bedrock only as a consideration regarding introduction of
subsoil rock in topsoil (DEIS, p 4-25).



The DEIS should include maps and tables showing depth to bedrock along the proposed pipeline
route.
The DEIS needs to include map, analysis and evaluation of the recharge, runoff, pollution,
vegetation, habitat, soil and erosion impacts resulting from the combination of soil type, slope,

33

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

compaction potential and depth to bedrock for each section of pipeline along the proposed
preferred route as well as alternatives.

5.4 Springs and Seeps
The DEIS acknowledges that surveys for springs and seeps have not been completed. The inventory as
presented is only for springs/seeps within 150 feet of the pipeline (DEIS, Table 4.3.1-5). It is not possible
for the public to review the impacts of the proposed preferred route and alternative routes on water
resources if the inventory of resources is not complete. Additionally, as discussed below in section 7.0
regarding the analysis of impacts, various pipeline-induced impacts could affect resources much further
than 150 feet from the pipeline. For that reason, the DEIS as presented is incomplete.


The DEIS should include a complete inventory of springs and seeps within a quarter mile of the
pipeline to adequately consider the changes which could occur due to pipeline construction.

5.5 Karst
Karst occurs where shallow bedrock is limestone which has had significant dissolution which caused
caverns and caves to form within in it. The DEIS notes that karst can lead to sinkholes, but fails to note
that karst can be a significant preferential flow pathway for contaminants and therefore could
exacerbate contamination issues or incidents caused by pipeline construction or operation.
The DEIS fails to provide full mapping of the location of karst. The DEIS states that PennEast is
developing a Karst Mitigation Plan (DEIS, p 5-2) but has not completed it which means the potential for
encountering karst and the impacts of the pipeline doing so are not known.


The DEIS should present the result of a final karst study for the area and present plans for
mitigating problems caused by constructing through karst or caused by rapid contaminant
transport within karst.

6.0 IMPROPER DISCLOSURE OF POTENTIAL CONTAMINATION TO
WATERS AND SOILS
Construction and operations of the proposed pipeline will encounter areas of contamination, including
areas with industrial sites such as mines and areas with naturally high levels of contaminants.
Construction through these areas can release contaminants. The DEIS fails to adequately inventory
these areas or discuss the potential for pipeline construction to release contaminants.

6.1 Mine-Impacted Soils
There are numerous mines near the centerline of the proposed pipeline, beginning at about MP 5.1 and
continuing to MP 11.2, as noted in DEIS Table 4.1.4-1. None apparently are operating. The soils table in
RR7 (Table 7.1-1) lists various soils in this reach as “mine dump” or strip mine, burned”. Partially shown
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on Figure 7, mine-affected soils cover substantial areas on the east side of the Susquehanna River
crossing. Excavating or otherwise disturbing mine spoil can release contaminants, including acid mine
drainage (AMD) if sulfides are present. However, the DEIS does not present any discussion of minerals
that could be present in these soils or discuss whether minerals or other contaminants including AMD
could result from meteoric water leaching through or running off of these soils. The mine spoil
identified in RR7 is considered to have high conductivity (RR7, Table 7.1-1 for Luzerne County), which
means the potential for contaminants to be released by construction disturbance is relatively high. It
also has the potential for high erosion when disturbed (RR7, p 7-16). But the DEIS fails to discuss the
pollution potential that will result.




The DEIS should include data or information regarding the mineral content of the soils to be
crossed by the proposed pipeline and the results of leaching tests that should be required.
The DEIS should assess the potential for pipeline construction to generate acid generation or
leach metals in all areas where it crosses mine spoil.
The DEIS should present avoidance and mitigation discussions focused on preventing the
leaching and transport of acid and metals from the site.

Figure 7: Snapshot of soils map (RR7, Figure 2.1-1) showing MP 7.0 to 10.0. Soil SM is strip mine.
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6.2 Arsenic Leaching from Bedrock along the Pipeline Route
Arsenic occurs naturally in the bedrock of the Newark Basin portion of the proposed preferred pipeline
route and alternatives (DEIS, p 4-11). The DEIS notes that the primary source is the mineral pyrite. This
assertion that the primary source of arsenic is the mineral pyrite is incorrect because pyrite consists
simply of iron and sulfur, as FeS2, and is a major AMD source.
The mineral arsenopyrite, in which As (i.e. arsenic) substitutes for one of the sulfur atoms, can be a
source. The DEIS’ explanation of the source of As is insufficient and a serious deficiency in the analysis
because the source controls the potential for the As to leach from the mineral due to construction
disturbance. The presence of As in wells near the proposed pipeline (Id.) is evidence that there is a
source from which As could leach into groundwater.
The DEIS states that “shallow groundwater … generally have (sic) low arsenic concentrations and that
high arsenic concentrations … are the result of more mature groundwater interacting with
geochemically susceptible and arsenic-enriched water bearing zones, which are often deeper wells”
(DEIS, p 4-12). However, the statement is unreferenced and the DEIS provides no data to support the
statement. The DEIS recognizes that the potential to mobilize arsenic is uncertain but then claims they
have “no indication that common construction activities that involve shallow excavation, such as home
construction, has resulted in increased arsenic concentrations in water supply wells” (Id.). That
statement is also unsupported by references or data although its implication is that they have
performed substantive analysis of the potential for leaching from shallow construction. The analysis
which supports these claims and assertions needs to be provided in the EIS documentation so it can be
reviewed by the public and commented upon – as it stands this claim is unsupported and likely false and
therefore fails to support the conclusions based upon it.
The DEIS relies on the Serfes (2016) analysis which involved leach testing samples of Lockatong and
Passaic Formation to conclude that the potential for arsenic leaching from soils disturbed by trench
construction is less than significant. The Lockatong lies near the ground surface and is representative of
rock that will be disturbed by trench construction. Serfes’ evidence and descriptions do not fully
support his conclusions so the DEIS inappropriately minimizes the potential contamination.




The samples for the Lockatong Formation were “obtained by compositing approximately 100
pounds each of competent unweathered boulders randomly selected adjacent to roadside
outcrops” (Serfes 2016, p 3). Boulders may not be representative either structurally or
geochemically of the standard fractured bedrock of the formation. Samples should have been
drawn from the outcrop but deep enough that weathering would have been minimal.
The EPA 1627 method calls for leaching with CO2-saturated, deionized reagent water whereas
Serfes (2016) states the saturation occurred with deionized water without mentioning CO2.
Without CO2 saturation, Serfes’ samples could leach oxidation products more quickly than the
method would otherwise call for. This would change the results.
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Serfes claims that hydrous ferric oxides (HFO) that form on pyrite surfaces (observed during the
test) would sequester arsenic from reaching groundwater. This could result from the HFO
crusting process (Serfes 2016, p 5) occurring faster than arsenic release due to pyrite oxidation
in the test. This could be due to the sample particle size distribution (PSD) not being
representative of the particles in the field. It may not represent field conditions.
Pyrite oxidation and arsenic mobilization in the field could occur through preferential flow zones
that have a much smaller proportion of ferrous products with which to form HFOs that will
sequester arsenic.
Results of leach tests for sample ML-2, ML-DUP-2, and ML-6 exceed 10 ug/l for the first four
weeks, and some for the first seven weeks, and this could represent some of the first
contaminant flushes from the project. There is no appropriate reason given for why this is not
representative of the leaching that will occur initially after pipeline construction.
Serfes (2016) Figure 13 shows graphs of arsenic, sulfate and iron with time. Serfes suggests the
sulfate figure shows that pyrite oxidation decreased after week 9. “Note sulfide (sic)
concentration increase in (b) indicates aggressive pyrite oxidation between weeks 5 and 9”
(Serfes 2016, Figure 13). The figures indicate post week 9 for ML-DUP-2 is a pyrite mostly
oxidized phase. Data in Serfes (2016) Table 2 does not support his conclusion of most pyrite
being oxidized by week 9. Although the sulfate concentrations are highly variable there is no
consistent change that occurs at week 8. The highest sulfate concentration for ML-2 occurs in
week 11. The variation shown in Serfes Table 2 demonstrates that conditions along the pipeline
will be highly variable; if the roadside samples are representative, Table 2 shows simply that
some areas can oxidize a great deal more than others.

The results of the arsenic leaching tests relied on by the DEIS show that arsenic leaching could be more
variable than expected. It depends on how the particle size distribution compares with that occurring
on the site and whether oxidation would occur faster in some than other areas. It also depends on how
fast ferric ions can be mobilized to form hydrous ferric oxides s. Finally, it depends on whether
preferential flow zones that could release arsenic and not contact HFOs could occur along the pipeline.
The highly variable arsenic concentrations in shallow wells further exemplifies how variable arsenic
occurrence could be near the pipeline.


The arsenic analysis is insufficient to indicate that arsenic leaching from pipeline construction in
the Newark Basin would not be a problem for shallow groundwater. The DEIS needs to
legitimately and scientifically analyze this issue and threat in order to properly inform avoidance
and mitigation options.
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6.3 Palmerton Zinc Pile Superfund Site
The DEIS also fails to consider whether pipeline construction will release contaminants from the
Palmerton Zinc Pile Superfund site8, but claims it would be more than 0.25 miles to the east of the
boundary (DEIS, p 4-33) without considering groundwater plumes or air born transport.
The proposed preferred pipeline route would lie within the one-mile buffer zone of the Palmerton Zinc
Pile superfund site, as mapped (EPA 2011); the pipeline reach between the Aquashicola Creek floodplain
and the Blue Mountain Ski Area parking lot would be within the buffer around the superfund site. The
value of the buffer zone is questionable for two reasons. First, EPA states that the contaminated
groundwater status is not under control
(https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0300624, accessed 8/12/16). Second, the
Superfund site is within a mile west of the project site, which is upwind. There is no information on the
final Remedial Investigation/Feasibility Study for the site, which would possibly outline the extent of
existing contamination. Therefore, there is no final mapping of the potential contamination near the
site. The DRAFT Restoration Plan and Environmental Assessment (Trustees of the Palmerton Zinc Pile
Superfund Site 2010) notes that hazardous substances contaminated several miles of Aquashicola Creek
and 40 acres of wetlands within the Aquashicola watershed through processes including aerial
deposition and shallow groundwater contamination (Id., p 11). Because the Superfund site is downwind
of the proposed pipeline, there is likely contamination along the proposed pipeline route. (Note that
sampling shown on Exhibit 3-2 of Trustees (2010) is of sediments, contamination of which would have
moved downstream, and that even upstream of the site one of four sediment samples have moderate
toxicity.) Given that the Palmerton Water Company has four production wells at the foot of Blue
Mountain that supply water to the towns of Palmerton and Aquashicola, an analysis of groundwater
impacts and potential threats to this important drinking water supply for thousands needs to be
earnestly and scientifically considered by the DEIS; as written, it is not.


The DEIS should provide a plume map of groundwater contamination and a map showing soils
contamination from the Palmerton Zinc Pile Superfund site and assess the implications of the
various proposed pipeline routes for water, groundwater and drinking water contamination.

8

As described by EPA (https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0300624, accessed 8/12/16):
“The Palmerton Zinc Pile Site is the area of a former primary zinc smelting operation. The site encompasses the
Borough of Palmerton and surrounding areas, Blue Mountain, a large smelting residue pile called the Cinder Bank
and much of the valley. For nearly 70 years, the New Jersey Zinc Company deposited 33 million tons of slag at the
site, creating a cinder bank that extends for 2 1/2 miles and measures over 100 feet high and 500 to 1,000 feet
wide. The smelting operations emitted huge quantities of heavy metals throughout the valley. As a result,
approximately 2,000 acres on Blue Mountain, which is adjacent to the former smelters, have been defoliated,
leaving a barren mountain side. Soil on the defoliated area of the mountain has contaminated the rain water
flowing across it. The runoff and erosion have carried contaminants into Aquashicola (spelled correctly here) Creek
and the Lehigh River. Approximately 850 people live within one mile of the site; the population of the town of
Palmerton is approximately 5,000. The Palmerton Water Company has four production wells at the foot of Blue
Mountain that supply water to the towns of Palmerton and Aquashicola; these wells have not been effected by
contaminants from the site to date. This site was proposed to the National Priority List (NPL) on December 30,
1982 and formally added to the list on September 8, 1983.”
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7.0 FAILURE TO ANALYZE IMPACTS TO GROUNDWATER-RELATED
RESOURCES
The DEIS includes only a cursory analysis of impacts that pipeline construction will have on groundwater
resources. Specifically, it failed to consider:





How pipeline construction and operations could affect recharge and shallow groundwater flow
in aquifers near the proposed pipeline.
Preferential flow caused by trenching in the aquifer
Potential contaminant transport enhanced by the trenching
Groundwater drawdown caused by the trenching

This makes the DEIS demonstrably deficient and flawed.

7.1 Effect on Recharge
Areas where the pipeline compacts soils over critical recharge areas, especially on ridge tops and valley
bottoms, will increase runoff and decrease recharge. Recharge supports baseflow to streams, therefore
decreasing recharge will affect baseflow in hydrologically connected streams. Most importantly
groundwater will be decreased during low flow periods and as a result impact instream habitats and
water quality. The data that is provided in the DEIS suggests there will be significant losses in recharge
for streams and wetlands, but the DEIS fails to provide the analysis necessary to assess the extent of this
impact. This missing assessment is a fundamental failing of the DEIS that is critical for assessing water
resource impacts. The following paragraphs describe losses that could occur to recharge due to pipeline
construction.
Table 3 shows mile posts between which pipeline construction would compact soils in valley bottoms,
not including the Susquehanna and Delaware Rivers. There are 8.1 miles of pipeline in valley bottoms
with 1.9 miles overlain by compactible soils. Recharge varies significantly as discussed above, but if all of
the recharge is lost over the drainage bottom area affected by the pipeline, for 10 or 22 in/year, the
total lost recharge ranges from 40.9 to 90 acre-feet/year (af/y), respectively, i.e. 0.056 or 0.124 cfs.
Considered as lost flow per pipeline mile, the loss would be as much as 0.007 or 0.15 cfs/mile.
Table 3: Proposed pipeline reaches by milepost which lie in drainage bottoms. Developed from
topographic mapping in RR1, Appendix D. Compactible soils is a marker showing the soil overlying the
bedrock is compactible as defined in Table 1.
Beginning
MP

Ending
MP

Miles

Bedrock

0.5

0.8

0.3 Catskill

4.2

4.4

0.2 Catskill

Compactible
soils
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Pottsville, Mauch
0.5 Chunk

11.5

12

16.6

16.7

0.1 Catskill

18.2

18.4

0.2 Catskill

19.5

19.7

0.2 Catskill

22.6

23.2

0.6 Spechty Kopf

33

33.2

0.2 Catskill

38.7

38.9

0.2 Catskill

39.4

40.5

1.1 Catskill

43.4

43.6

0.2 Marcellus

45

45.1

0.1 Catskill

45.2

45.3

0.1 Catskill

45.5

45.6

0.1 Catskill

48.1

48.3

0.2 Mahantango

49

49.7

Decker through
0.7 Pocono Island

55.8

55.9

Graywack and shale of
0.1 Martinsburg

56.6

56.8

Graywack and shale of
0.2 Martinsburg

60.2

60.4

0.2 Martinsburg

61.4

61.5

0.1 Jacksonburg

70.3

70.4

0.1 Allentown

70.8

71.1

0.3 Leithsville

X

X

X

X

X
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81.3

Brunswicke
0.1 conglomerate

81.7

81.8

Brunswicke
0.1 conglomerate

82.2

82.3

0.1 Brunswick

82.7

82.8

0.1 Brunswick

82.9

83.1

0.2 Brunswick

83.8

83.9

0.1 Brunswick

84.8

84.9

0.1 Brunswick

86.7

86.8

0.1 Brunswick

87.6

87.8

0.2 Brunswick

88.3

88.4

0.1 Brunswick

89.5

89.6

0.1 Brunswick

89.7

89.8

0.1 Brunswick

99.9

100

0.1 Diabase

100.2

100.3

0.1 Diabase

104.4

104.9

0.5 Brunswick

81.2

x

Table 4 shows mile posts between which pipeline construction would compact soils on ridge tops.
Recharge on ridges has a longer path to follow to reach streams, although some shallow aquifers are
very thin and may support isolated streams and springs. On ridge tops with fractured bedrock, recharge
will circulate deeply into the bedrock. There are 17.1 miles of pipeline on ridge tops (Table 4) so,
considering recharge at just 10 in/yr, total lost recharge due to compaction along the pipeline would be
as much as 86 af/y (summing over the reaches on Table 4). Considered as flow rate per mile, the loss is
0.007 or 0.15 cfs/mile, which can be significant for small streams during baseflow.
Table 4: Proposed pipeline reaches by milepost which lie on ridge tops. Developed from topographic
mapping RR1 Appendix D.
Beginning

Ending

Miles

Bedrock
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MP

MP
0.8

1.1

0.3 Catskill

1.7

2

0.3 Catskill

2.3

2.5

0.2 Catskill

3.6

4.1

0.5 Catskill

12.7

12.9

0.2 Mauch Chunk

14.3

14.5

0.2 Spechty Kopf

15.3

15.6

0.3 Catskill

17.2

17.7

0.5 Spechty Kopf

20.4

21.2

0.8 Pocono

23.4

24

0.6 Catskill

29.5

30.5

1 Catskill

33.8

34.4

0.6 Spechty Kopf/Catskill

39

39.5

0.5 Catskill

45.2

47.7

2.5 Catskill

48.4

48.8

Buttermilk Falls
0.4 Limestone

51

51.3

0.3 Shawangunk

59.6

61.3

1.7 Martinsburg

73.6

74.2

0.6 Hornblende gneiss

78.2

79

0.8 Jacksonburg limestone

80.6

81.2

Brunswick
0.6 conglomerate

81.3

81.6

0.3 Brunswick
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81.8

82.2

0.4 Brunswick

82.4

82.7

0.3 Brunswick

84.1

84.9

0.8 Brunswick

85.7

86.7

1 Brunswick

87.9

88.3

0.4 Brunswick

88.5

89.5

1 Brunswick

The analyses in Tables 3 and 4 are a representation of the type of analysis that the DEIS should have
included in much more detail. The simple summary is that pipeline construction will cause precipitation
to runoff and not recharge the groundwater. Because groundwater discharging to streams is the
majority of streamflow during dry periods, the pipeline could cause streams to have much less flow
during critical periods. This is most important for small streams.


The DEIS fails to consider how the project construction would affect recharge rates, which are
highly variable with the underlying geology, soil type and thickness, and topography controlling
the actual recharge location.

The following paragraphs present a few examples of pipeline reaches that have compactible soils which
the proposed pipeline could affect. The DEIS fails to assess these and similar areas in detail throughout.
For example:
 Starting at MP 29.5 is a series of high compactable soils through MP31.2 (Table 2 and Figure 8). This
reach is generally up and down the slopes of a ridge in Hickory Run State Park so runoff would be
straight downhill. The bedrock is Catskill Formation which has specific capacity from 0 to 43 gpm/ft (RR2
Figure 2.2-1) and very wide ranging well yields (Taylor 1984). Recharge varies from 20 to 22.2 in/yr in
this area (RR2, Figure 2.2.4-1), so pipeline construction could reduce recharge (and inflow to the
wetland) by as much as 4.4 af/y (0.006 cfs or 2.8 gpm). The bedrock properties control whether the lost
recharge is shallow or deep. Based on the size of the wetland (Figure 9), the area affected by the
pipeline appears to be a couple percent of its tributary area, but the effect of losing this amount of
recharge would depend on the connectivity of parts of the wetland. Considering that compaction could
reduce recharge up to 4.4 af/y through this reach, the DEIS must provide the detail necessary to
adequately assess how the lost recharge will affect hydrogeology of the area. That missing information
is an irreparable deficiency that can only be remedied by providing the data and analysis necessary to
assess this impact.
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Figure 8: Snapshot of a portion of RR7 Figure 7.1-1 showing soils along the proposed pipeline, MP 29.5
to MP 31.8.

Figure 9: Snapshot of wetlands map (RR1, Appendix D, p 9 of 32).
 At least 0.2 miles of compactible soil between MP 94.5 and MP 95.1 would reduce water flow to the
wetlands located at MP 95.1 (Figure 10). The soil is Croton silt loam (Figure 11). Other wetlands cross
or bound the pipeline near MP 94.5 (Figure 10). The proposed pipeline could intercept recharge either
percolating at these points or flowing to the wetlands through shallow groundwater, inflicting a
damaging water deficiency to the wetlands and the ecological systems it sustains.
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Figure 10: Snapshot of wetlands map (RR1, Appendix D, p 26 of 32).

Figure 11: Snapshot of soils maps from MP 93.8 to 95.8 (RR7, Figure 7.1-1). CoxBb is compactible Croton
silt loam.
 Compactible soils from MP 27 to 27.3, just south of I-80 (not shown), coincide directly with wetlands
between the same mile posts. This could be one of the more challenging areas for pipeline construction
and will be one of the areas that will be most highly impacted without protective avoidance construction
practices. Compaction will not only prevent recharge through a significant section of the wetland but
compaction could also create zones across which water will not flow thereby creating segmented
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aquifers within the wetland. This would render both sections more susceptible to drought and more
susceptible to a contaminant spill because the dilution potential would be reduced.
 Compactible soils from MP 34.5 through 34.8 control drainage to both sides of a wetland at MP 34.6
(Figures 12 and 13). Compaction could eliminate up to 3 af/y of recharge (0.3 miles, 50 foot wide
construction corridor, 20 inches/year recharge) that supports a wetlands approximately 3.3 acres (Figure
13) in size. As a result, the water balance of the wetlands would be considerably changed and the
wetland would become highly vulnerable to and/or impacted by drought. This could significantly harm
the wetland even if the compaction is temporary.

Figure 12: Snapshot of soils map from MP 33.8 to 35.2 (RR7, Figure 7.1-1).
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Figure 13: Snapshot of wetlands map (RR1, Appendix D, p 10 of 32).
 Compactible soils from MP 49 to 49.4 coincide with wetlands between the same mile posts along the
Aquashicola Creek. (Figure 14). This section will be in the floodplain of Aquashicola Creek in Papakating
silty loam (Table 2), which is considered poorly draining. Compaction in this soil at this area may
prevent recharge from the south from reaching the creek. It is foreseeable that the trench could create
a barrier that segments the floodplain (see Section 5.62). Considering the width of the floodplain area
with a compacted trench bisecting it, it is foreseeable that the pipeline would cause geomorphic impacts
during flood events. The stream would be captured by the trench or shifted from side to side.
Groundwater forced to the surface by the trench could form small channels near the pipeline.

Figure 14: Snapshot of wetlands map (RR1, Appendix D, p 14 of 32).
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The DEIS completely failed to consider how pipeline construction will affect the water balance of
wetlands with groundwater inflow.
The DEIS completely failed to consider how pipeline construction will affect recharge into
bedrock by not considering how compaction will prevent water from accessing fracture zones.

7.2 Preferential Flow
Pipeline construction in valley bottoms affects groundwater flow in other ways. If the conductivity of
the backfill is higher than that of the surrounding aquifer material, the trench could intercept flow to the
stream and cause it to flow elsewhere, possibly never to reach the stream. If the conductivity is lower
than that of the surrounding aquifer material, it could deflect the groundwater flow away from the
stream, although it could also cause the groundwater flow to discharge to the surface away from the
stream. All of these impacts are foreseeable and yet not assessed by the DEIS.
Groundwater follows the path of least resistance, which usually means the path with the highest
conductivity. All but the most homogeneous formations have pathways that are much more conductive
than the overall formation. The proportion of the overall flow through an aquifer that occurs through
these natural pathways can be quite large. The DEIS does not discuss how the properties of the backfill
would differ from those of the surrounding aquifer.
Pipeline construction would create preferential flow pathways in two ways.
One would be by creating a trench with higher conductivity than the surrounding formation.
Groundwater would tend to flow into and then through the high-conductivity trench. This could
occur in shallow groundwater either in low conductivity glacial till deposits or bedrock deposits.
This could be most critical where the pipeline follows a steep gradient along a mountainside.
The second way is by blocking the natural flow paths with a lower conductivity backfill that
diverts groundwater along the interface between the trench and the natural formation. This
could occur by compacting a trench developed in high conductivity alluvium or highly fractured
bedrock so that the backfill has a lower conductivity and diverts the flow along the contact. This
would be most critical in areas where the pipeline follows a steep gradient along a
mountainside.
Preferential flow is most probable along slopes where groundwater flows from ridges to valley bottoms,
although the effects could also occur in valley bottoms and ridgetops. It could be analyzed with analytic
or numerical calculations for groundwater flow along a pipeline reach from recharge to discharge and
yet the DEIS fails to undertake this important analysis.


FERC should divide the pipeline into reaches from ridge top to wetland or stream to consider the
effect of changing conductivity on groundwater flow. Impact analysis should include analytic or
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numerical9 calculations with and without the pipeline, and include recharge estimates along the
reach and different baseline (natural in-situ) parameters for the bedrock and shallow aquifers.
The with-project scenario should include the trench parameterized with values representative of
lower and higher conductivity backfill. FERC should estimate the changes in discharge to
downgradient wetlands or streams. The results would be indicative of potential changes rather
than precise predictions. FERC should identify the areas where the impacts are most likely and
propose avoidance, monitoring and mitigation (see section 3.14) for the identified impacts.

7.21 Drawdown
Preferential flow paths, as described in the previous section, will change flow gradients and
groundwater levels. This would affect areas depending on shallow groundwater tables, which would
include wetlands where small differences in water levels that persist for a substantial time period could
change the character of the wetland. It would also include areas that have vegetation that depends on
shallow groundwater. Lowering the water table, even a small amount, for a substantial period could
have long term effects on the vegetation types, whether formally delineated as a wetland or not.
A large proportion of the wetlands crossed by the proposed project depend on groundwater. Wetlands
in four Pennsylvania Counties, Luzerne, Carbon, Northhampton, and Bucks had as their most common
primary indicators of hydrology high water table (A2), saturation (A3), and oxidized rhizospheres on
living roots (C3), with second indicators including drainage patterns (B10)10.
The DEIS does not consider the importance of shallow groundwater for wetland vegetation, but RR3
discusses the importance of shallow groundwater for several vegetation types or features. The
following list presents several observations from RR3 which emphasize the importance of shallow
groundwater but are noticeably absent from DEIS consideration and assessment. Shallow groundwater
is important for other vegetation and habitats in other areas beyond those noted below, but these are
provided by way of example.
 Perhaps the most important is the leatherleaf – cranberry bog found along the pipeline route in
Luzerne County (RR3, Table 3.3-4).
 There are also vernal pools which may be seasonally supported by a high groundwater table
(RR3, p 3-27). Pipeline construction could affect vernal pools by preventing the groundwater
table from supporting the pool as it did prior to construction. A pipeline could also divert the
drainage patterns that seasonally fill the pools.
 Scrub-shrub wetlands depend on the “presence of high groundwater for extended periods”
(RR3, p 3-39).

9

Numerical calculations would include the use of numerical groundwater models to make interpretative
simulations. Interpretative means that the model would be parameterized according to commonly accepted field
estimates of the properties. Using logical parameter changes to reflect the backfill, the model would be run with
the trench. The with- and without trench results would be compared to assess potential impacts. An
interpretative model is not predictive but only indicative of likely changes because it has not calibrated.
10
PennEast Pipeline Project, Wetland Delineation Report – Pennsylvania, February 3, 2016, p 1-6 through 1-9.
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RR3 notes the importance of springs for creating habitat to support the endangered (in
Pennsylvania and New Jersey) bog turtle. “Bog turtles inhabit distinct types of wetland habitats
that include spring-fed hydrology and mucky soils. Clear groundwater with rivulets and shallow
pockets of surface water typify the hydrology of bog turtle wetlands, and subterranean tunnels
with flowing water are used by bog turtles both in winter for hibernation and during the hot
summer months. Deep, organic, mucky soils in which bog turtles can burrow are an important
component of their habitat” (RR3, p 3-65). Pipelines near enough to springs to lower the water
table could decrease the flow of necessary clear groundwater. It would not just be those within
150 feet of the pipeline, but could include springs supported by groundwater flow that has been
diverted by preferential flow paths in the trench or blocked by the trench.
A species of special concern in New Jersey, the American oystercatcher, could be affected by
restrictions on the groundwater flow in its habitat (RR3, Appendix 3B-2).

Pipeline construction could affect hydrology in ways that could affect vegetation, aquatic life, and
wildlife in addition to the simple construction impacts. The DEIS does not analyze how the pipeline
would affect any specific area with important vegetation types or aquatic species. There are broad
statements about temporary impacts during construction, but there are no analyses of the change in
groundwater flow patterns that will be enduring during operation of the life of the pipeline as described
herein.



The DEIS should use numerical or analytic analyses to estimate the drawdown in the
groundwater along pipeline reaches.
The DEIS should list areas with special vegetation that are near shallow aquifers that could be
impacted by drawdown from the pipeline determine in the previous bullet.

7.22 Contaminant Transport
The preferential flow caused by higher conductivity in trench backfill discussed in section 6.2 can also
enhance the movement of contaminants into wetlands or streams. Consideration of contaminants in
the DEIS mostly relies on mitigation of spills and the location of the pipeline away from hazardous waste
sites. As noted above, there is also a reach with potentially acid producing soils, but the DEIS does not
analyze the potential transport of acid or acid-related contaminants due to pipeline construction. It
does not consider the potential for the pipeline to enhance transport of contaminants from the site.


As part of an analysis of preferential flow, the DEIS should also analyze the potential for the
trench backfill to facilitate the movement of contaminants through the groundwater.

Methane leaks from the pipeline are a potential contaminant source due to the pipeline. RR2 suggests
that leak detection would help to prevent this problem. The implication is that leak detection will
prevent any problem, but there is no indication about the accuracy of such claims. Dissolved methane
moves through the groundwater differently than other contaminants due to its buoyancy. The pipeline
could be a source of methane, or higher change gases such as ethane and propane. Wetlands crossed
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by the pipeline could also be a source of methane due to biogenic processes. The pipeline trench will
most certainly present a pathway for contamination – to what degree, for what contaminants and along
what sections of the proposed pipeline routes (preferred and alternatives) is not assessed by the DEIS.


Contaminant transport analysis should also include the potential for the trench to allow
enhanced transport of methane of any source.

Mapping wells (RR2, p 2-9) or springs and streams (RR2, p 2-11) within 150 feet of the pipeline does not
protect those water features because contaminants can easily flow far beyond that distance from the
pipeline. This is particularly true where the trench intersects fracture zone or higher conductivity zones.






The DEIS must consider the transport of contaminants, including methane and spills, from the
trench to and along the preferential flow pathways and assess where they would discharge.
This could be into a stream or spring, or into a broader aquifer where it could affect wells.
The DEIS needs to assess details about the pipeline leak detection PennEast asserts it will
implement, including what rate of leak can be detected and what responsive actions would be
triggered?
The DEIS should analyze the extent that methane could spread from the pipeline through the
groundwater due to a leak. This is probably a preferential flow issue in that the methane would
disperse along the higher conductivity in the trench until it reaches a receptive fracture
intersecting the pipeline or wetland or stream.

7.3 Summary and Recommendations
It is likely and foreseeable that pipeline construction will affect recharge distribution in the areas crossed
by the pipeline, as well as runoff, pollution transport and habitats (vegetation, aquatic and onland).
Compaction, vegetation removal, soil compaction, and the trench in which the pipeline will be laid are
primary vehicles for these impacts. This increases runoff as well which may allow recharge to occur
elsewhere downhill. Trench compaction may also prevent groundwater from flowing across floodplains
and reaching streams or wetlands near their normal discharge point.







The DEIS should complete site-specific impact analyses that considers the potential for pipeline
construction effects, including compaction and vegetation removal, to change recharge and
runoff patterns.
The DEIS should complete site-specific impact analyses showing how the changed location and
rates of recharge would change baseflow in streams and wetlands.
The DEIS should propose methods to monitor these effects. Piezometers should be installed in
wetlands downgradient from the pipeline to monitor changes in water levels and compare those
changes to predicted changes. Piezometers should also be installed in strategic locations of the
trend backfill and just outside the trench to determine whether the trench is causing drawdown
or whether preferential flow is occurring (see Sections 6.1 and 6.2).
The DEIS should propose methods to avoid first, and mitigate second, these effects. If the
analysis shows changes in recharge or flow patterns, the backfill could have drains installed to
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allow cross-trench flow. If necessary the surface of the pipeline could be scarified to increase
infiltration through the soils.
The DEIS should consider the water quality and habitat impacts of changed recharge and runoff
patterns.

8.0 CONCLUSION
The DEIS proposed by FERC is demonstrably deficient and misleading because it does not include
sufficient data or analysis of the water, groundwater, recharge, runoff, water quality and habitat
impacts it purports to assess. Pipeline construction will affect groundwater recharge and flow, thereby
affecting surface water flow and wetlands water balances. It will affect water quality by providing
transport pathways for contaminants to reach wetlands or surface water and/or by changing baseflow,
runoff, and watershed habitats. The DEIS does not analyze these impacts.
From the perspective of an expert review, the DEIS is demonstrably deficient and misleading and must
be revisited, in its entirety, with a new and complete DEIS proposed for public and expert review.
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September 11, 2016
PennEast Opinion Updated September 11, 2016
In June 2015, I reviewed all relevant documents pertaining to the proposed PennEast Pipeline
project including “Request for Approval of Pre-Filing Review” dated October 17, 2014 (“Request
for Approval”1). Based on that review I concluded2 that there was inadequate justification for
approval of PennEast’s Request for Approval.
Following were my main conclusions:





New Jersey’s natural gas market is not growing as stated in The Request For Approval, and
New Jersey already uses far more natural gas for heating than the U.S. national average
and more than in adjacent states, and
New Jersey’s natural gas and electricity costs are already well below the national average,
and
New Jersey does not need to reduce reliance on fuel oil beyond present low and
decreasing levels.

The chief reason for my earlier conclusions was that there was no need for the increased gas
supply in the New Jersey and southeastern Pennsylvania markets specified by PennEast. In fact,
those markets were and remain adequately supplied with natural gas .
I concluded that Pennsylvania was already grossly over-supplied and that the proposed additional
1 Bcf/d supply would result in an over-supply for New Jersey of approximately 53%.3
Another key reason for my previous conclusions was cost and competition. New Jersey’s current
natural gas and electricity costs are comparable to those in major gas -producing states like Texas
and Louisiana. There is no evidence based on cost data from Texas and Louisiana that more gas
supply resulted in lower costs to consumers.
A final reason for my conclusions last June was that New Jersey did not have meaningful heating
oil substitution needs. Approximately 74% of New Jersey’s space heating needs are already met
1 Request for Approval of Pre-Filing Review, PennEast Pipeline Company, LLC, p.2, October 7, 2014.
2 Professional Opinion on the Proposed PennEast Pipeline Project Updated June 18, 2015.
3 Professional Opinion on the Proposed PennEast Pipeline Project Updated June 18, 2015, p. 3.
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by natural gas, far above the national average of 48% and more than the 54% usage in
neighboring mid-Atlantic states.4
Beyond my conclusions from 2015, northeastern U.S. natural gas market conditions have
changed appreciably and gas supply is now declining. That is hardly a favorable environment for
adding pipeline capacity.
U.S. gas production is declining and shale gas output is down almost 2.5 Bcf per day (Figure 1).

Figure 1. Total U.S. Natural Gas and Shale Gas Production Have Declined Since February 2016. Source: EIA August 2016 Short Term
Energy Outlook and Labyrinth Consulting Services, Inc.

Conventional gas has been in terminal decline since 2008, and shale gas production growth has
maintained and increased U.S. supply. Now, that shale gas production is also in decline. It is
unlikely that production will increase much without much higher prices. It is, furthermore,
unlikely that even higher prices will offset production declines based on energy company
reductions in capital budgets and the generally weak state of the U.S. economy and business
investment.
All shale gas plays have declined including the Marcellus which is down -0.64 Bcfd (Figure 2). Even
the relatively new Utica play has declined -0.12 Bcfd. The legacy plays have declined the most:
Haynesville, -3.77 Bcfd; Barnett, -1.91 Bcfd; and Fayetteville, -0.92 Bcfd. No new horizontal wells
have been drilled in either the Barnett or Fayetteville since early 2016.

Figure 2. Shale gas play declines from maximum production. Source: EIA Natural Gas Weekly Update and Labyrinth Consulting
Services, Inc.

4 Professional Opinion on the Proposed PennEast Pipeline Project Updated June 18, 2015 , p. 5.
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Moreover, the financial condition of the leading producing companies in the Appalachian region
is weak and their commitments to pipeline volumes must be questioned. All leading companies
in the Marcellus and Utica plays reported net losses for the second quarter of 2016, summarized
in Figure 3.

Figure 3. Marcellus-Utica key operator second quarter (Q2) 2016 gains and losses and first half (1H) 2016 equity offerings. Source:
Company documents and Labyrinth Consulting Services, Inc.

In summary, the compelling fact-based reasons for denying the PennEast Request for Approval
stated in my 2015 opinion remain, and are made even stronger based on changes in U.S. and
northeastern natural gas market.

Arthur E. Berman
Petroleum Geologist
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1.

Project Overview

The report that follows, prepared by Princeton Hydro, consists of a technical review of Volume
1 of the Draft Environmental Impact Statement for the proposed PennEast Pipeline prepared by
the staff of the Federal Energy Regulatory Commission (FERC), FERC docket number CP15-558000. Princeton Hydro’s report focuses on the shortcomings of the submitted DEIS.
PennEast Pipeline, LLC is a joint venture effort of AGL Resources, NJR Pipeline Co, South Jersey
Industries, PSEG Power LLC, Spectra Energy Partners and UGI Energy. If constructed the
proposed pipeline would transfer natural gas extracted via a “fracking” process from shale
fields located in northeast Pennsylvania to the Transcontinental Gas Pipe Line Co.’s TrentonWoodbury Lateral located in Mercer County, NJ. From its point of origin in Luzerne County the
proposed pipeline path transects the Lehigh Valley of Pennsylvania in an approximately
southeasterly direction cutting through Northampton, Carbon and a portion of northern Bucks
Counties. In New Jersey the pipeline path runs in a southeasterly direction. Beginning in
Holland Township, northern Hunterdon County, the proposed pipeline path continues through
Milford, Alexandria, Kingwood, West Amwell, East Amwell, Lambertville, Hopewell, Kingston,
Pennington and Princeton, terminating at the Transco Trenton-Woodbury interconnection.
The pipeline’s 118.8 mile long path directly impacts over 1600 acres of land, with approximately
85% of the affected lands located within the watershed boundaries of the Delaware River
ecosystem. Of particular significance is that the pipeline’s path runs through preserved public
open-space lands, steeply sloped terrain, and crosses numerous Pennsylvania Department of
Environmental Protection (PADEP) Exceptional Value and High Quality streams, New Jersey
Department of Environmental Protection (NJDEP) Category-1, anti-degradation streams, and
Delaware River Basin Commission (DRBC) Special Protection Waters.
The pipeline’s work corridor right of way (the area disturbed during the survey, site-access and
construction of pipeline) varies between 90 and 125 feet in width. Following construction, a 50
foot wide permanent right-of-way (ROW) will run the entire length of the pipeline. This ROW
will remain in a significantly altered state relative to existing conditions. The temporary and
permanent ROWs are part of the overall environmental damage caused by the pipeline.
Supporting the “pipeline” are various appurtenant facilities used to transport the gas. These
include access/maintenance roads, compressor units, metering stations, regulator stations,
delivery stations, holders, valves, and the other infrastructure elements critical to the pipeline’s
operations. These components of the pipeline are all above ground and are neither benign nor
passive operational elements of the system.
As per the DEIS, in total “1,613.5 acres of land, will be disturbed in order to construct the
pipeline and supporting pipeline facilities (aboveground facilities, pipe and contractor ware
yards and staging areas, and access roads). Once completed, the long -term operation and
maintenance of the pipeline affects 784 acres of land, of which the majority (715 acres) consists
of the pipeline ROW, 61 acres in the form of aboveground facilities, and 8 acres associated with
new permanent access roads”. The major elements of the PennEast pipeline are as follows:
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The primary line consisting of 115.1 miles of new 36-inch-diameter pipeline,
The 2.1-mile, 24-inch-diameter Hellertown Lateral, Northampton County, PA
The 0.1-mile, 12-inch-diameter Gilbert Lateral, located in Hunterdon County, NJ, and
The 1.5-mile, 36-inch-diameter, Lambertville, Hunterdon County, NJ lateral.

Above ground elements of the PennEast Pipeline include:











2.

Well Head and Well Pad (where the gas is extracted),
Water Lines (Fresh Water and Flowback; associated with the fracking process),
Production Lines,
Gathering Lines,
Metering and regulating stations,
Gas Processing Plants,
Compressor Station (47,700 HP), Kidder Township, Carbon County, PA),
Mainline Vales (11 in total),
Smart PIG (pipe inspection gauge) Launchers/Receivers (elements required for the
maintenance, inspection and cleaning of the pipeline), and
The Citygate (the point where the pipeline connects to an interstate or distribution
pipeline).
Review of DEIS

The FERC PennEast Pipeline DEIS was released for public review and comment in July 2016. The
DEIS was prepared in accordance with the National Environmental Policy Act (NEPA), which
mandates that all executive federal agencies prepare an environmental impact statement (EIS)
for any proposed major federal project determined as having the potential to cause a
significant environmental impact. The PennEast Pipeline DEIS reviews and assesses the
potential environmental impacts caused by the construction and operation of the pipeline.
As per FERC, the purpose of the DEIS is to “inform FERC decision makers, the public, and the
permitting agencies about the potential adverse and beneficial environmental impacts of the
Project and its alternatives, and recommend mitigation measures that would reduce adverse
impacts, to the extent practicable”.
The FERC DEIS concludes that although the pipeline’s construction will cause some adverse
environmental impacts, the majority of those impacts will “be reduced to less-thansignificant levels with the implementation of PennEast’s proposed mitigation” and the
additional recommendations suggested by FERC within the DEIS.
Princeton Hydro’s report focuses on the failure of the DEIS and inconsistencies in FERC’s
findings regarding the significance and irreversible nature of the impacts caused by the
PennEast Pipeline (the Project). FERC’s failure to properly ascertain the Project’s impacts
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caused by the pipeline’s construction and subsequent maintenance and operation are based
on the following:
1. The failure to recognize that the majority of the wetland, riparian and water resources
directly impacted by the Project are highly unique, extremely sensitive, of significant
public value, and are protected by State and/or DRBC anti-degradation regulations.
2. The lack of any site-specific field data supporting FERC’s findings and PennEast’s
assumptions regarding the Project’s level of impact,
3. The assumption that all impacts, regardless of their magnitude can be fully mitigated,
4. PennEast’s reliance on standard mitigative measures to address the Project’s impacts
to highly unique and extremely sensitive wetland, riparian and water resources, as
well as upland areas characterized by steep terrain and shallow soils,
5. Failure to properly account for varying seasonal uses, resource requirements, and
differing life-history needs of the resident wetland, riparian and aquatic biota,
6. Failure to sufficiently account for habitat alterations resulting from the fragmentation
of core forest habitat, permanent loss of canopy cover at each stream crossing, and
the introduction of invasive species attributable to such disturbances,
7. Failure to sufficiently assess and account for the long-term and cumulative impacts
that will arise following the initial disturbance of the pipeline corridor,
8. Inadequate assessment of the long-term impact of the above ground and permanent
access road elements of the project, including, but not limited to a failure to provide
appropriate post-construction stormwater best management practices for these
elements, and
9. Failure to recognize the sustained impacts to the initially impacted resources due to
ongoing inspection, operation and maintenance activities associated with the pipeline
and pipeline ROW.
Of particular concern is the inability of the proposed mitigation measures, which FERC has
deemed acceptable, to prevent irreversible damages to the region’s natural resources. These
damages contravene the protective regulations that have been put into effect by NJDEP, PADEP
and DRBC which are intended to prevent any impact, not simply attempt to mitigate them to
the degree FERC deems appropriate.
2.1

Environmental Impact Analysis

The National Environmental Policy Act (NEPA) of 1969 defines the procedural requirements
used by all federal government agencies to comprehensively evaluate the environmental
impacts and risks of a project. The NEPA process is designed to ensure a project’s positive and
negative environmental attributes are equally weighted and appropriately appraised as part of
the official decision-making process. The evaluation process must include an assessment of
alternatives to the preferred project approach, including a No Action alternative. The
evaluation process must also provide an opportunity for public comment and input.
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The Natural Gas Act of 1938 (NGA) governs all aspects of interstate transportation and sale of
natural gas, and gives the Federal Energy Regulatory Commission (FERC) authority over all
pipeline projects. FERC is an independent federal agency that regulates the interstate
transmission of electricity, natural gas, and oil. FERC is charged by Congress “with evaluating
whether interstate natural gas pipeline projects proposed by private companies should be
approved”. The Energy Policy Act of 2005 gave FERC additional responsibilities, including the
siting and abandonment of interstate natural gas pipelines and storage facilities. Overall, FERC
is mandated by law to conduct a thorough, in-depth and impartial analysis of a project’s
environmental impacts, with that analysis conducted in a manner consistent with NEPA
requirements.
The Federal Clean Water Act and the State issued Water Quality Certificate directly tie the
NEPA process to State regulations. Both trigger the need for FERC’s environmental impact
review and documentation to satisfy State environmental requirements. New Jersey’s and
Pennsylvania’s wetland and surface water regulations are linked to Sections 401 and 404 of the
Clean Water Act. As such, the FERC EIS findings inherently must be consistent with the
mandates of the Clean Water Act.
Although the siting of the pipeline occurs under FERC’s oversight, FERC does not issue any
environmental permits nor does FERC issue the State Water Quality Certificates. Rather, the
environmental review of the pipeline’s construction and the eventual issuance of the majority
of the required permits (including all Water Quality Certificates) occur through the Pennsylvania
Department of Environmental Protection (PADEP) and the New Jersey Department of
Environmental Protection (NJDEP). Additionally the regulatory requirements of the US Army
Corps of Engineers, Delaware River Basin Commission and US Fish and Wildlife Service need to
be satisfied. It is therefore PennEast’s responsibility to fully satisfy PADEP, NJDEP, and DRBC
regulations and not rely solely on FERC’s findings. In order to satisfy PADEP, NJDEP, and DRBC
regulations PennEast must conduct their own rigorous site evaluations, data collection and
ecological assessments as would any other applicant seeking to conduct a project in
Pennsylvania or New Jersey. Table 1.3-1 of the DEIS provides a summary of all of the
regulations that the Project is subject to and the status of the permits that need to be issued
through the Commonwealth of Pennsylvania, the State of New Jersey, the DRBC and various
Federal agencies.
In Pennsylvania the water courses affected by PennEast include:
 Class A wild trout water—A surface water classified by the Fish and Boat Commission,
based on species-specific biomass standards, which supports a population of naturally
produced trout of sufficient size and abundance to support a long-term and rewarding
sport fishery.
 Exceptional Value Waters—Surface waters of high quality which are protected by
PADEP’s anti-degradation standards,
 High Quality Waters—Surface waters having quality which exceeds levels necessary to
support propagation of fish, shellfish, and wildlife and recreation in and on the water by
satisfying § 93.4b(a),
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Surface water of exceptional ecological significance—A surface water which is
important, unique or sensitive ecologically, but whose water quality as measured by
traditional parameters (for example, chemical, physical or biological) may not be
particularly high, or whose character cannot be adequately described by these
parameters.
Surface water of exceptional recreational significance—A surface water which provides
a water-based, water quality-dependent recreational opportunity (such as fishing for
species with limited distribution) because there are only a limited number of naturally
occurring areas and waterbodies across the State where the activity is available or
feasible.

In New Jersey the water courses affected by PennEast include:


Category 1 Waters – Surface waters that are protected by the State’s antidegradation
policies set forth at NJAC 7:9B-1.5(d), for protection from measurable changes in water
quality based on exceptional ecological significance, exceptional recreational significance,
exceptional water supply significance or exceptional fisheries resource(s) to p rotect their
aesthetic value (color, clarity, scenic setting) and ecological integrity (habitat, water quality
and biological functions). Furthermore, as per NJAC 7:9B-1.5(d)iii, Category One Waters
shall be protected from any measurable changes (including calculable or predicted changes)
to the existing water quality.

With respect to the DRBC, the water courses affected by PennEast are special protection waters
that have, among other things, exceptionally high scenic, recreational, ecological, and/or water
supply uses that require special protection pursuant to DRBC’s Special Protection Waters
regulations.
Common to each of the above special designations is that each mandates the subject water be
protected from degradation or any impact that alters its ability to meet its designated use. Of
particular significance with respect to PennEast is the status of the Section 401 Water Quality
Certificates issued through NJDEP and PADEP. For either PADEP or NJDEP to issue a 401 Water
Quality Certificate, PennEast will have to definitively demonstrate that the Project fully
complies with their respective state water quality standards (Chapter 93 and NJAC 7:9B).
Additionally, the DEIS does not address how the Project will satisfy all of the requirements
associated with NJDEP’s Individual Wetland Permits (NJAC 7:7A) and the Individual Flood
Hazard Permits and Area-Specific Requirements for Individual Permits (NJAC 7:13). Without the
State issued 401 Water Quality Certificates as well as other required permits or authorizations
required via NJDEP, PADEP or the DRBC, PennEast cannot be constructed.
2.2

FERC Summary of PennEast Impacts

Beginning on Page 12 of the DEIS Executive Summary, FERC presents and reviews the Project’s
potential impact’s to the region’s natural and cultural resources. This report focuses on the
Project’s impacts to water and wetland resources, but also identifies the Project’s impacts to
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upland resources that will trigger the degradation of water and wetland resources . Support of
FERC’s Executive Summary findings are provided in Sections 4.1 through 4.12 of the DEIS and
FERC’s conclusions regarding the Project’s impacts and a compilation of FERC’s recommended
mitigation measures are presented in Sections 5.1 and 5.2 of the DEIS.
Repeatedly throughout the DEIS, FERC contends that the environmental, ecological, scenic and
recreational impacts of this Project will be adequately minimized as a result of PennEast’s
implementation of an Erosion and Sediment Control Plan (E&SCP) and a Spill Prevention,
Control and Countermeasures (SPCC) Plan, both of which are provided in Appendix D of the
DEIS. The E&SCP is based on FERC’s Upland Erosion Control, Revegetation, and Maintenance
Plan and Wetland and Waterbody Construction and Mitigation Procedures. FERC’s conclusions
are also based on FERC’s inference that PennEast will be able to fully comply with all of NJDEP’s
PADEP’s and DRBC’s permit requirements, the limitations set forth in any issued permit, and
the recommendations of all Federal review agencies, including but not limited to USACE,
USFWS, NRCS and USEPA.
The following sections of this report provide an overview of the resources at risk, FERC’s
findings, and the short-comings of FERC’s conclusions that the project will not have a significant
environmental impact.
2.2.1 - Geology
The DEIS notes that in Pennsylvania, portions of the pipeline’s route traverses areas that are
susceptible to landslides. This analysis is limited to areas prone to seismic events that could
trigger a landslide. However, landslides often occur in the absence of any seismic event,
especially in steeply sloped areas. Such landslides are more commonly associated with intense
rain storms or major snows melts, and increase in likelihood when lands are denuded of
vegetation and native soils are disturbed and exposed. The DEIS does not discuss how such
events could result in the catastrophic transport of large quantities of soil, rock and debris into
sensitive upland, wetland, riparian and water resources.
Within Appendix D of the DEIS (E&SCP), PennEast notes that:
“The primary cause of landslides is when colluvial (loose) soil and old landslide debris on steep
slopes give way. The geologic instabilities that cause landslides are often exacerbated by
highway projects in which the earth is cut and soil is loosened. Other primary causes of
landslides are rainfall or rain-on-snow events that can weaken debris on steep mountain slopes
(McCormick Taylor, 2009)”.
The PennEast project will create exactly these types of conditions (cut earth and loosened soils)
as part of the land clearing and pipeline trenching elements of the Project. The construction
phase of the project, when soils are exposed, soils are stock piled and the vegetation has been
stripped from the site, offers the greatest potential for the occurrence of a landslide. Neither
Sub-Section 5 (Description of Erosion and Sediment Control BMPs) nor Sub-Section 6 (Project
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Site Runoff Prior to Site Restoration) of the E&SCP (Appendix D of the DEIS) identifies any
special actions or measures that will be implemented when conducting work in steep slopes to
prevent a landslide.
Additionally, the post-construction alterations of the ROW’s vegetative cover and the inevitable
compaction of site soils will increase the rate and volume of runoff generated from the Project
ROW. These changes to prevailing soil conditions and alteration in the type of vegetated
cover (trees and shrubs to grasses) increase the likelihood for post-construction landslides,
especially in steeply sloped areas.
Thus, FERCs finding of minimal impact needs to be revisited due their incomplete analysis of
the potential for landslides (not just those triggered by seismic events), in particular those
resulting from site preparation, construction activities, and post-construction changes to soil
properties and vegetative cover. Both FERC and PennEast conclude that the implementation
of the E&SCP will prevent landslides and provide adequate mitigation to minimize the
impacts caused by a landslide. However our review of the E&SCP finds it to be lacking with
respect to any actual special measures proposed for steep sloped areas to prevent landslides
from occurring.
2.2.2 – Soils
The trench depth for the 36” diameter PennEast Pipeline must conform to the Department of
Transportation’s Pipeline and Hazardous Materials Safety Administration (PHMSA). For safety
reasons it must be buried deep enough to avoid accidental punctures and to deal with seasonal
frost issues. The PHMSA requires pipelines transporting conventional and unconventional gas
to typically be covered by 30 to 36 inches of soil overburden. The thickness of soil cover may
be greater when the pipeline runs under a roadway or when it runs under a stream, river or
lake. PHMSA may require additional cover (48 inches to 60 inches) when the pipeline runs
under agricultural lands. Less cover however may be allowed (as little as 18 inches) when the
pipeline cuts through a consolidated area of bedrock. Nonetheless the amount of excavation
required to properly trench the pipe is significant.
Because the placement of the pipe in the trench takes time there is the need to stockpile the
excavated soil in areas adjacent to the trench. Each stockpile represents another opportunity
for offsite soil migration. This happened during the construction of the Tennessee Gas pipeline
in Northern New Jersey leading to the impact of streams, wetlands and large recreational lakes
located adjacent to the pipeline ROW.
In rockier areas, in order to protect the pipe from damage caused by sharp stones it may be
necessary to sort the soil, with the non-conforming material transported off site. The sorting,
stockpiling and off-site transport of the rejected material again increases the opportunity for
the soil related impacts, especially when work is being conducted adjacent to streams,
wetlands and other waterbodies.
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In Sub-Section 4 of the DEIS, PennEast reviewed available digital soil data (USDA NRCS Web
Soil Surveys), and identified approximately 38% of the soils along the proposed pipeline are
defined by the NRCS as highly erodible. In total about 406 acres of traversed soils are classified
as such. Much of this acreage appears to be associated with the steeper portions of the ROW.
PennEast also evaluated the compaction potential of soils occurring along the pipeline’s route.
The compaction potential of soils was largely based on the drainage class of the soils, with s oils
designated by the NRCS as very poorly and poorly drained being those identified by PennEast as
having the greatest potential for compaction (but fail to provide any supporting data). The
hydrologic classification of soil, specifically how well or how poorly it is drained, is only one
factor affecting soil compaction. Soil moisture content is another, as well as how close a soil at
its time of disturbance is to its optimal soil moisture content. Sands, which are well drained,
due to the angular nature of the soil particles and lack of high clay or silt content, can actually
be more effectively compressed and compacted than clays and silts. As such, PennEast’s
evaluation of soil compaction impacts based primarily on a soil’s drainage classification is
incorrect.
PennEast also states that “many soils along the proposed pipeline segments have likely already
been compacted due to past development and some areas being covered by paved surfaces”.
This is both misleading and non-relevant as the greatest environmental impact that is expected
to occur as a result of soil compaction is along sections of the ROW passing through
undeveloped core forest reaches, wetlands, protected riparian areas and steeply slopes lands,
all of which are for the most part protected from development. Alteration of the properties of
these soils has far reaching consequences pertaining to increased erosion potential, increased
stormwater runoff (rate and volume), revegetation potential and long-term stability.
FERC recognizes that the Project has the potential to permanently alter the physical properties
of native soil disturbed by clearing, construction, and maintenance activities, specifically as a
result of soil compaction, rutting, and erosion. However, FERC concludes that these impacts
can be adequately mitigated through the implementation of the Erosion Control, Revegetation,
and Maintenance Plan (Plan) and Wetland and Waterbody Construction and Mitigation
Procedures (Procedures). The Cornell Soil Health Test (CSHT) provides a standard for assessing
the important physical, chemical and biological processes and functions of disturbed soil. The
CSHT was used to evaluate the impacts of a recently constructed pipeline that transected
University-owned land. The CSHT analysis definitively showed that soils within the ROW had
significantly lower soil quality levels than the soils sampled in the adjacent areas unaffected by
the pipeline’s construction. This suggests that reliance on standard erosion control and soil
handling techniques inadequately compensates for soil compaction issues within the ROW.
Compacted soils inhibit the recharge of precipitation leading to a greater amount of
stormwater runoff. The added runoff can lead to an increase in the mobilization and transport
of pollutants and an increased opportunity for overall soil erosion.
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Recent investigation of another pipeline ROW (Tennessee Gas pipeline as it passes through the
Highlands region of New Jersey) conducted by the New Jersey Conservation Foundation1 found
multiple examples of “restored” sites that were significantly altered from pre-pipeline
conditions, even though each had been mitigated in accordance with FERC accepted erosion
control and revegetation measures. Some of the consistently observed impacts were:







Compacted soils,
Evidence of erosion,
Failure of the mitigation plantings,
Lack of adequate vegetative cover,
Vegetation dominated by invasive species, and
Spread of invasive species into adjacent undisturbed area

FERC’s analysis and the resulting reliance on mitigation measures to address soil compaction
impacts are short-sighted and inaccurate. With respect to soil related impacts, the DEIS
greatly underestimates the potential for the alteration of soils traversed by the pipeline and
the subsequent short- and long-term consequences of soil compaction. Additionally , FERC’s
finding that the proposed mitigation measures will prevent any significant alteration of site
soils or can successfully limit impacts attributable to such alterations is inaccurate as based
on actual field assessments of “restored” pipeline ROWs.
2.2.3 – Groundwater
There always exists the possibility that during construction a spill will occur; for example fuel
spill or that directional drilling, trenching or related construction operations will result in the
improper management of drilling fluids or dewatering effluent. These actions, in particular
construction related accidents can pose a threat to local groundwater resources. FERC
concludes that any groundwater impacts attributable to construction related operations will be
minimized by PennEast’s adherence to and implementation of a Spill Prevention, Control, and
Countermeasures Plan.
The Spill Prevention, Control, and Countermeasures Plan is contained in Appendix D of the DEIS
(Erosion and Sediment Control Plan). It is part of an earlier document prepared by PennEast
(Draft Erosion and Sediment Control Plan) dated September 2015. The subsection of the plan
dealing with spill prevention and control is contained in Sub-Section 13 of the E&SCP, is a single
paragraph consisting of five (5) simple bullet points, none of which provide any direction of the
actions that must be taken in the event of a spill. The Spill Prevention, Control, and
Countermeasures Plan upon which FERC has based their findings is unreasonably simplistic,
lacks any detail, and does not account for the highly sensitive and unique environments the
1

Emi l e DeVito, PhD. August 2016. Letter with s upporting report a nd photographs from New Jersey Conserva tion Foundation
to Norma n Bay, Chairman, FERC.
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pipeline will disturb. Concluding that the Spill Prevention, Control, and Countermeasures Plan
is sufficiently adequate and minimizes impacts to the region’s groundwater resources is
misleading. Additionally, it does not address potential groundwater contamination events
associated with the operation and maintenance of the pipeline, including the long -term
application of herbicides to control the growth of vegetation or the management of invasive
plants within and adjacent to the pipeline ROW.
With respect to the potential impact to groundwater attributable to drilling wastes, FERC sites
that PennEast’s Horizontal Directional Drilling (HDD) Inadvertent Returns and Contingency Plan
provide sufficient protection. The HDD mitigation measures contained in Appendix D, again are
part of the aforementioned September 2015 Draft E&SCP. The Inadvertent Returns and
Contingency Plan is referenced within Sub-Section, 11.2.5.4 (Horizontal Directional Drill). This
reference consists of a single bullet point that states, a site specific plan will be implemented
that includes “a description of how an inadvertent release of drilling mud would be contained
and cleaned up”. This statement provides no assurance or guidance (even in general) regarding
the measures that PennEast takes to prevent such events or their response to such events.
We therefore conclude that FERC’s findings are inaccurate and that PennEast must provide a
more detailed Spill Prevention, Control, and Countermeasures Plan that encompasses
construction, operation and maintenance activities.
2.3.4 – Surface Waters
PennEast’s acute (immediate) impacts to surface waters can be divided into two categories. The
first is associated with the above noted in-stream construction activities and the other is
associated with the hydrostatic testing of the pipe(see 2.3.5 below).
The Project crosses 255 waterbodies (159 perennial, 45 intermittent, 40 ephemeral, and 11
open water), with eleven (11) of these water courses classified by FERC as major waterbodies
that are over 100 feet in width. HDD techniques will be used to bore under a few of these
waterbodies (Beltzville Lake, the Lehigh River/Lehigh Canal the Delaware River/Delaware Canal,
two locations along Lockatong Creek, and an unnamed tributary to Woolsey Brook). The other
crossings will involve the actual excavation of the watercourse, which entails the temporary
diversion and damming of flow; the so called “dry-crossing” method. The typical plan for these
types of crossing are presented in Appendix C, Figures 1F, 1G and1H.
As such, the vast majority of the stream crossings require the diversion of stream flow around
the construction zone or actively pumping water out of the construction zone. Even when the
work area is segregated from the stream by some type of diversion measure, the shallow depth
to groundwater relative to the required depth of the pipe trench will require the constant
dewatering of the trench. Similar types of acute impacts will also occur in the wetland and
riparian areas traversed by the pipeline again due to shallow depth to seasonal high water
(groundwater), standing water or saturated soil conditions.
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PennEast concludes that the dry crossing method can be conducted in a manner that minimizes
potential in-stream turbidity impacts. FERC’s review of the conventional channel cut, flume
crossing, and dam-pump crossing techniques reach a similar conclusion. It is FERC’s positon
that after the pipe is installed and the trench backfilled, the stream channel and stream banks
will be adequately restored and the ecological properties of the stream returned to pre-construction
conditions.
None of the conclusions reached by either PennEast or FERC are supported by any data.
Again the finding of no significant impact is largely based on the assumption th at the
proposed mitigation measures can be successfully implemented and will lessen the Project’s
impact to surface waters. What FERC has failed to take into consideration is that the PADEP
and NJDEP anti-degradation regulations protect many of the traversed streams from any
measurable or calculable impact. PennEast’s position that impacts can be minimized is
inconsequential as the quality, ecological functions, aesthetics and recreational potential of
Exceptional Value and Category-1 streams cannot be decreased in any manner.
2.3.5 - Surface Water Withdrawals and Discharges Associated with Hydrostatic Testing
PennEast proposes the use of surface water and municipal water sources for the hydrostatic
testing of completed sections of the pipeline operations. In total, 18 million gallons of water is
needed for the hydrostatic testing of the pipeline. Table 4.3.2-7 of the DEIS presents the
preliminary estimates for the amount of water that will be required to conduct the hydrostatic
testing of the pipeline. The amount of water needed at each of the 28 planned testing sites
ranges from 18,000 gallons to over 5,000,000 gallons with 12 of the sites (43%) requiring over a
1,000,000 gallons of water. The DEIS does not identify or discuss how these withdrawals could
affect nearby private wells. PennEast also proposes not to withdraw water from any EV or C -1
stream, unless the appropriate federal, state, and/or local permitting agencies have granted
written permission to do so. As such, even these streams could be used as a source water for
hydrostatic testing. And although it is stated within the DEIS that during low flow conditions
the volume of water withdrawn from a stream or river may be assessed relative to use of
alternative water sources, but does not preclude the withdrawal of water even during periods
of low flow.
The DEIS states that “Adequate flow rates downstream from the withdrawal would be
maintained to protect aquatic life, provide for waterbody designated uses, and provide for
downstream withdrawals of water by existing users” but provides no details of how flow rates
will be measured and any standard to which the measured flow rates will be compared.
Concerns regarding the hydrostatic testing of the pipes extend beyond the amount of water
withdrawn to conduct the testing. The hydrostatic testing of the pipes occurs after a pipe
segment is in place and construction is completed, but prior to the backfilling the pipeline
trench. Basically the testing involves filling the pipeline with water and then pressurizing the
pipeline to a “level higher than the maximum pressure at which the pipe will ever be operated”.
The hydrostatic pressure test is conducted for a minimum of eight continuous hours. Beside
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the catastrophic failure of the pipe during testing, a potential exists for impacts to occur during
the return of the test water to a stream, lake or pond. These impacts can be in the form scour
and erosion of the receiving system or due to the introduction of contaminants.
The DEIS attempts to minimize the relevance of such impacts by stating that “the post-testing
discharge of hydrostatic test water will be regulated by State Discharge Elimination Permit.
Such permits do not prevent the introduction of contaminants, even contaminants that may
not have been present in the stream before testing. They only regulate the maximum
allowable concentration of a contaminant or the duration over which a contaminant can be
introduced. Thus, the fact that the discharge would occur in accordance with a State issued
discharge permit does not mean contaminants will not be introduced into a waterbody as a
result of hydrostatic testing. Additionally, while focus is often placed on contaminants that are
responsible for acute toxic impacts, the release of nutrient rich water, especially phosphorus is
a significant concern. Data generated on hydrostatic test water reports phosphorus levels
(total phosphorus) ranging from 0.03 mg/l to 0.07 mg/L; which is enough to stimulate an algae
bloom. More importantly test results show that the return water is typically very low in
dissolved oxygen. This could cause a temporary but significant impact to the organisms residing
in a stream especially during low flow conditions or during the summer when DO saturation is
low.
The DEIS and FERC’s assessment of hydrostatic testing impacts do not address these types of
impacts. Thus, any conclusions that FERC has reached concerning wat er withdrawals or
water releases associated with the hydrostatic testing of the pipeline are premature and are
not based on a comprehensive analysis of the potential impacts or the ability to suitably
mitigate or avoid those impacts.
2.3.6 - Wetlands
FERC concludes that the Project will temporarily impact 56 acres of wetlands (26 acres in
Pennsylvania and 30 acres in New Jersey) and permanently impact 35 acres of wetlands (17
acres in Pennsylvania and 18 acres in New Jersey).
FERC goes on to summarize that the impacts to emergent wetlands resulting from the
construction of the pipeline (including permanent ROW access roads and above ground
facilities) “would be relatively brief because the emergent vegetation would regenerate quickly,
typically within one to three years”.
For scrub-shrub and forested wetlands, FERC recognizes that the a 10-foot-wide corridor
centered over the pipeline would be maintained in an herbaceous state following the pipeline’s
construction and that selective tree cutting would occur over time within a 30-foot-wide
corridor centered over the pipeline. The remainder of forested and scrub-shrub vegetation
would be allowed to return to preconstruction conditions and would not be affected during
operation.
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FERC concludes that the pipeline’s construction will not result in the permanent fill or loss of
wetland area due either to the pipeline’s construction or its operation/maintenance and that
construction and operational impacts can be mitigated by PennEast’s through:





Compliance with the conditions of permits issued by New Jersey and Pennsylvania under
Sections 401 and 404 of the Clean Water Act,
Implementation of the wetland protection and restoration measures contained in its
E&SCP,
Implementation of additional measures received by Federal and State review/permitting
entities, and
For highly saturated wetlands, the implementation of “special construction methods”.

As previously mentioned, FERC cannot rely on basic E&SCP measures and the post construction mitigation of disturbed wetlands to conclude that this project will not adversely
impact wetland and riparian ecosystems. Clearly irreversible damages will occur, with at
least 35 acres of wetlands (17 acres in Pennsylvania and 18 acres in New Jersey) permanently
impacted. The DEIS also assumes that PennEast will be able to satisfy all of NJDEP’s and
PADEP’s requirements for the State issued Water Quality Certificates.
2.3.7 – Vernal Pools
In both Pennsylvania and New Jersey, vernal pools are regulated as communities of special
concern. The Project’s path traverses and impacts a number of known (that is mapped) vernal
pools. PennEast has tried to minimize the significance of these impacts by stating that only 0.13
acres of vernal pool habitats is directly impacted as a result of construction activities and an
additional 0.11 acres will be permanently impacted as a result of pipeline operations.
FERC acknowledges within the DEIS that there may be a number of additional vernal pools at
risk and that that it is obligatory that PennEast conduct a thorough survey along the route of
the pipeline to identify vernal pool habitat occurring within and adjacent to the ROW or areas
slated for the construction of any of the permanent above-ground elements of the Project.
Schmid (July 2016)2, in his review of PennEast’s mapping of wetlands and associated riparian
areas in Pennsylvania, identified multiple errors, inconsistencies and under estimation of the
total affected area impacted by the pipeline. These findings support our positon that there may
be a much greater than currently reported amount of vernal pool habitat and that the
irreversible impacts to these habitat resulting from the construction, maintenance and
operation of the pipeline.
As such, any conclusions reached by FERC within the DEIS pertaining to impacts to vernal pool
habitat need to be revisited as the magnitude of these impacts may greatly exceed that
presented in the DEIS. Thus it is inaccurate for FERC to conclude that the Project is not
2

Schmid and Company. July 2016. The Effects of the Proposed PennEast Pipeline on Exceptional Value Wetlands in
Pennsylvania
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expected to significantly impact vernal pool habitat or that the “implementation of PennEast’s
proposed mitigation measures along with FERC’s mitigation recommendations are sufficient
enough to protect these unique resources.
2.3.8 – Aquatic Resources
The DEIS acknowledges that as a result of the numerous pipeline crossings of wetlands, streams
and rivers that the Project poses a threat to various aquatic organisms. Although these threats
are deemed by FERC to be greatest during the construction phase, they also acknowledge that
the maintenance and operation of the pipeline could extend these threats into subsequent
years following the completion of the pipeline. FERC also acknowledges that the impacts to
aquatic organisms are both “direct and indirect”, and include loss of habitat (spawning, foraging
and refuge), stream channel erosion, sedimentation alteration of flow, and chemical/fuel spills.
Other impacts that are not identified by FERC include thermal impacts (due to the removal of or
reduction in the amount of canopy cover), eutrophication, and alteration of the food web.
However, FERC concludes that the threat and impacts to aquatic organisms will be “adequately
minimized”. This conclusion is solely based on the assumption that PennEast’s construction
activities will be conducted in accordance with their E&SCP and FERC’s Upland Erosion Control,
Revegetation, and Maintenance Plan (Plan) and Wetland and Waterbody Construction and
Mitigation Procedures. FERC also assumes that any construction limitations affecting the timing
or magnitude of the operation as set forth in the permits issued by NJDEP, PADEP, DRBC or any
other regulatory body will adequately protect aquatic organisms. This includes adherence to
seasonal construction “windows” to protect cold water and warm water fisheries (essentially all
in-stream work occurring between 1 June and 30 November). Additionally, FERC assumes that
PennEast will install culverts and/or bridges at proposed permanent access road crossings , and
that these crossing will reduce (rather than add) to the overall long-term impacts of the Project.
FERC’s conclusion of adequate mitigation and no impact are unrealistically based on the
implementation of construction mitigation techniques and fail to recognize the sensitivity of
the organisms present in the multiple high quality streams that will be crossed by the
pipeline. Their findings are also inconsistent with the ante-degradation regulations that
protect these waters, and the organism residing in these waters, from any measurable or
calculable impact. Furthermore, PennEast has not provided any actual data to support their
positon that the proposed stream crossings do not negatively affect the resident biota (fish,
shellfish, invertebrates, diatoms/periphyton, reptiles and amphibians).
2.3.9 - Vegetation and Wildlife
FERC’s assessment of the Project’s impact to vegetation and wildlife focuses on construction
related impacts, which FERC minimizes in their assessment to mortality and displacement.
Longer term impacts resulting from the establishment of invasive species are also noted in the
DEIS. However, the DEIS does not comment on the longer term and cumulative impacts that
are known to occur when interior habitats are transected and fragmented.
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Some of the unique or exemplary wildlife habitats crossed by the pipeline include Bear Creek
Preserve, Sourland Mountain Region, State Game Lands, Deer Management Areas, and
Important Bird Areas (including Hickory Run State Park, Kittatinny Ridge, Musconetcong Gorge,
Everittstown Grassland, Baldpate Mountain, and Pole Farm). Much of the value of these areas
is linked to the consistency of the core forest areas and preservation of intact interior habitats.
Once again within the DEIS FERC minimalizes the severity of the impacts attributable to habitat
fragmentation or the creation of edge habitat adjacent to interior core habitat by concluding
that the “proposed pipeline route was sited to avoid areas containing large, interior forested
stands where possible”, and where the pipeline traverses through forests, such impacts will be
minimized by constructing the pipeline adjacent to existing ROWs and by “locating the pipeline
as far from the interior portion of the forest as practicable”. Overall, the DEIS treats the unique
or exemplary wildlife habitat areas noted no differently than other forested areas.
FERC’s conclusion that the Project presents no significant impact to wildlife or vegetation is
focused on PennEast’s implementation of various types of mitigative strategies, construction
procedures, and an invasive species control program (which in itself represents a repetitive
long-term impact caused by various maintenance activities ranging from cutting, clearing and
the application of herbicides). Additionally there is a robust body of data that demonstrates
FERC’s standard pipeline mitigation measures pipelines are actually often quite ineffective.
These measures do not uniformly prevent environmental degradation and equally important
are not capable of restoring project sites to their original environmental state thus preventing
the project site from providing its original ecological services and functions conditions. The
failure of such mitigation measures is especially significant when dealing with the unique or
exemplary wildlife habitat areas traversed by the PennEast Pipeline. FERC’s conclusion that
the overall impacts of the project on vegetation and wildlife will be “adequately minimized”
is inaccurate and not supported by any actual data.
2.3.10 – Threated and Endangered Species
The Project runs through areas known to harbor both State and Federal listed threatened and
endangered (T&E) species. The DEIS focuses on vertebrate T&E species, making little mention
of invertebrate and plant T&E species. The DEIS although acknowledging impacts to
Pennsylvania and New Jersey listed species and Species of Special Concern (New Jersey), FERC
only recommends that PennEast consult with State biologists to minimize impacts to these
species. FERC largely relied on available information regarding T&E species; which could result
in an under-estimation of the both the affected T&E species as well as the amount of T&E
species habitat disturbed or lost as a result of either construction activities or longer term
maintenance and operational activities.
The DEIS actually concludes that the Project will have a detrimental impact on Indiana Bat. It
also does not conclude that other T&E species or Species of Special Concern will not be
impacted. Rather FERC recommends that PennEast work with State biologists to develop
“measures that would minimize impacts on state listed species and state species of concern”.
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As such, FERC does not definitely state that the project will not cause a detrimental,
irreversible impact to Federal and State listed T&E species and State species of special
concern. Without PennEast being required to conduct the same types of surveys and
assessments of T&E species mandated of other developers, the DEIS is at a min imum
incomplete with respect to the assessment of the Project’s impact on T&E species. Presently,
it must be concluded that the Project will negatively impact T&E species and species of
concern both directly and indirectly (as a result of alteration or loss of habitat necessary for
the success of these species).
2.3.11 - Land Use, Recreation, and Visual Resources
As previously noted many of the affected water courses crossed by the PennEast Pipeline are
protected by anti-degradation regulations. This includes PADEP Surface Water of Exceptional
Recreational Significance, DRBC Significant Resource Waters, and NJDEP Category-1 Waters.
Common to the definition of all three of these categories of waters is the protection of the
recreational, scenic and aesthetic properties of these waters. For example, NJDEP extends
protections from any measurable changes (including calculable or predicted changes) to the
aesthetic and recreational attributes (NJAC 7:9B-1.5(d)iii) of Category-1 waters.
FERC concludes that the direct impacts to these resources will be short-term and limited largely
to the construction activities and to some extent by inspection and maintenance activities.
FERC also concludes that by implementing various impact avoidance, minimization, and
mitigation plans, PennEast’s overall impacts to the recreational, scenic and aesthetic elements
of the disturbed forest lands, vistas and special category waters will be “adequately
minimized”.
As noted above, FERC’s standard pipeline mitigation measures are often quite ineffective and
do not fully prevent environmental degradation. The ROW clearly results in a permanent scar
through currently forested areas; this diminishes the scenic and aesthetic value of th ese
resources. The Project, due to increases in sedimentation, alteration of stream habitat and
irreversible loss of wetland and riparian areas threaten the recreational potential of streams,
vernal pools and wetlands. Overall, PennEast has not definitively documented that the
Project will not contravene the provisions established for PADEP Surface Water of
Exceptional Recreational Significance, DRBC Significant Resource Waters, and NJDEP
Category-1 Waters.
2.3.12 – Long-Term and Cumulative Impacts
The DEIS largely focuses on the construction related impacts of the Project; impacts that can be
considered acute and rapidly evident. FERC relies heavily on PennEast’s implementation of
various types of mitigative measures to reduce the Project’s impacts or to compensate in some
capacity for irreversible damages. It is assumed that the successful implementation of these
mitigative strategies and procedures will lessen any long-term or cumulative impacts. As will
be discussed below this is not a realistic assessment.
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2.3.12.i Long-Term Impacts –
Projects of this nature also lead to a multitude of long-term environmental perturbations
including:















Destabilization of the traversed ecosystem,
Diminishment and alteration of the ecological services and functions provided by these
ecosystems,
Negative changes to the assemblage of the biotic community,
Increased predation/loss of native forest core species due to the introduction of
predators and “edge” species,
Increased opportunity for the introduction and colonization of invasive species,
Fragmentation of habitat and the loss of key resources, access to key resources or the
quality of key resources required for the success of forest core and wetland core
species,
Reduction in the long-term water quality of the bisected streams,
Increased thermal impacts to streams resulting from a decrease in stream side tree
canopy cover,
Changes in the watershed’s hydrologic and hydraulic properties,
Increased amounts of stormwater runoff, the rate of runoff and the frequency and
longevity of erosive flows,
Increased opportunity for upland and in-stream erosion,
Increased pollutant loading to wetlands and streams, and
Decreased infiltration and recharge of the surficial aquifer (critical to the maintenance
of stream baseflow and the hydrodynamic properties of wetlands).

To date there has been no acknowledgement of such long-term impacts by PennEast. More
importantly though is that these types of long-term impacts cannot be successfully mitigated.
This is especially true, as is the case with the PennEast Pipeline, when the project area includes
a high percentage of high quality, currently undisturbed forest, wetland and stream
environments and ecosystems.
One of the major long-term impacts associated with PennEast (as well as other linear
developments of similar magnitude) is habitat fragmentation. As per Franklin, et. al., (2002),
habitat fragmentation can be defined as:
“The discontinuity, resulting from a given set of mechanisms in the spatial distribution
of resources and conditions present in an area at a given scale that affects occupancy,
reproduction, or survival of a particular species.”
The impacts and problems of habitat fragmentation have long been analyzed and discussed by
ecologists especially with respect to the clearing or alteration of core forest areas. The obvious
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impact of linear development is that it results in the irreversible alteration of the vegetative
cover within the pipeline pathway and pipeline ROW. Initially this is the result of the required
clearing of trees, shrubs and understory lands, the grading of land and the back-filling of the
pipeline trench. Over the long-term, the maintenance of the ROW requires prevention of any
tree growth, which is accomplished by periodic mowing and the use of herbicides. ROW in
order to prevent the migration of such vegetation into the actual ROW, prescribed maintenance
activities may also involve the periodic trimming, pruning, cutting back and removal of trees
and woody vegetation growing along the perimeter of the ROW. The inspection and
maintenance of the ROW means the repetitive access and traverse of the ROW by inspection
vehicles and maintenance equipment. This increases overall site compaction and because there
are no stabilized access-ways, it also creates repeated opportunity for soil erosion.
The removal of trees, herbaceous vegetation and groundcover can negatively impact the basic
habitat requirements of a given species thereby effecting its survival. Fragmentation not only
eliminates vital habitat but can separate species from necessary resources and degrade the
forage, refuge and reproductive value of the habitat thereby limiting the long -term success of a
species. Habitat fragmentation also greatly increases the opportunity for invasive species
colonization (both native and non-native), increased predation, increased nest parasitism and
other direct and indirect negative impacts to the species that relied on the complexity of the
undisturbed core habitat area, whether a mature forest, wetland or riparian floodplain corridor.
Linear development projects (including roads, transmission lines, pipelines and pipeline ROWs)
have been directly linked to a loss of sensitive species (Forman, 2004; Gucinski et al. 2001;
Trombulak and Frissell, 2000). Some of these losses reflect the separation of species from
needed resources as well as the physical and ecological alteration/degradation of the traversed
habitat. The linear fragmentation caused by the pipeline ROW is especially significant when the
ROW and pipeline approach and cross streams, especially high-gradient streams. Increased fine
sediment loading will occur due to the compromised nature of the wetlands and riparian areas
abutting these streams, with those impacts exacerbated by the steeper terrain. These fine
sediments are especially impactful to benthic organism, fish eggs, fish larvae and fish fry
(Newcombe and MacDonald 1991, Newcombe and Jensen 1996, Gucinski et al. 2001,
Angermier et al. 2004).
The above long-term habit fragmentation impacts cannot be mitigated owing to the ecological
complexity that they trigger. The resulting ecological losses surpass the compensatory
capabilities of the standard mitigation measures proposed as a means of lessening acute
project impacts. For example, re-establishing ground cover does not compensate for the
changes in the composition of the soil mantle, the complexity of the pre-existing groundcover
or the loss of species complexity. Planting trees along the perimeter of the ROW does not
compensate for the loss of the ecological services and functions provided by the original core
forest. The PennEast Pipeline pathway clearly bisects miles of sensitive and unique habitats.
The damage to the overall ecological properties of the affected lands and water resources are
irreversible. Once the pipeline and its ROW are in place it is impossible to return to or recreate
pre-pipeline environmental conditions.
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Another set of long-term impacts attributable to any pipeline project, including the PennEast
Pipeline, relate to post-construction hydrologic properties of the site. These impacts can be
divided into three related categories; increased volume of runoff from the altered ROW,
changes in the hydraulic response of runoff from the altered ROW, and increased pollutant
loading. Changes in the amount and rate of runoff stem from the alteration of the vegetated
cover and the compaction of soil that occurs during the clearing of the ROW, the
construction/installation of the pipeline, and the long-term maintenance of the ROW. These
impacts will be greater on steeper sloped lands and where the soils have a higher clay/silt
content and lower soil saturation coefficient (soils that are easily saturated). Obviously on
steeper land there will be a greater tendency for precipitation to runoff as compared to land of
minimal grade. But the long-term changes in the ROW’s hydrologic properties occur regardless
of slope gradient or soil type simply due to the inherent amount of soil disturbance, soil
compaction and altered vegetative cover resulting from the pipeline’s construction (USDA,
1986).
An increase in runoff volume will occur when forested lands, and their complex understory, are
cleared and replaced with grass. Although the surface of the ROW may be stable following the
establishment of the replacement vegetative cover, its runoff characteristics will be different.
Referring to the TR-55 table of runoff coefficients (USDA, 1986), even for the best drained soils
(hydrologic soil group A) the increase in the runoff coefficient value when converting woods to
lawns, ranges from 30%-50%. This translates to a substantial increase in the volume of runoff
generated by each storm event. Also because the runoff coefficients have increased, this also
translates to a shorter time for runoff to be generated, which in turn leads to greater peak
runoff flows (the rate at which runoff leaves the ROW). This combination of increased runoff
volume and increased rate of runoff has been repeatedly demonstrated as the root cause of
stream erosion. On average, a typical deciduous tree intercepts 700 to 1,000 gallons of
precipitation annually, and an evergreen (the majority of the trees that will be removed over
the course of the PennEast pipeline) intercepts over 4,000 gallons of precipitation annually
(PennState, 2014). Removing acres and acres of trees and replacing them with a grass cover
will result in major changes in the ROW’s runoff characteristics. Although PennEast will
implement post-construction site restoration measures, they themselves acknowledge that
post-construction restoration cannot fully return a disturbed site back to its original state.
With respect to any soils disturbed as part of the project, PennEast’s is only required to ensure
that the soils are stable and is under no regulatory obligation to restore soil to pre-construction
conditions. The fact of the matter is that these changes in the properties of the soils along the
pipeline and within the pipeline ROW will contribute to the predicted increases in the volume
and rate of runoff. Along the entire length of the 108-mile long pipeline, these changes in the
post-construction hydrology of the affected lands (especially the steeper sloped areas) will
invariably alter runoff properties. The end result will be impacts to the streams, wetlands and
riparian areas traversed by the pipeline and pipeline ROW and increased opportunity for
erosion along the steeper segments of the pipeline and pipeline ROW. Because PennEast is not
required to implement any of the conventionally utilized best management measures to collect,
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treat and control ROW runoff, there is no way to mitigate for these changes other than to
revegetate. However, once again the cover type will be different pre to post-construction (e.g.
trees to grass) and PennEast is only obligated to achieve 80% post-revegetation coverage with
the vegetation type it is using.
Another often overlooked long-term impact caused by pipelines (whether wastewater,
stormwater or gas/oil) is that they can actually alter the movement of groundwater. Essentially
when the pipe and pipe trench intercept the shallow aquifer, groundwater flow paths can be
altered with the pipeline and pipeline trench functioning as a subsurface diversion forcing
groundwater away from vital stream and wetland resources.
When all of these factors are taken into consideration it is obvious that the pipeline’s
construction will lead to substantial long-term hydrologic changes. These changes may be
manifested in the form of increased stormwater volume, increases in the rate of stormwater
runoff, and/or diminished recharge. Such hydrologic changes impact streams, wetlands and
riparian areas, and can lead to significant ecological changes including the loss of sensitive
species, increased eutrophication and habitat degradation.
In summary, the DEIS does not thoroughly assess the Project’s long-term impacts. FERC’s
conclusions regarding the Project’s long-term impacts is not comprehensive and is based
largely on FERC’s assumptions that the E&SCP, Upland Erosion Control, Revegetation, and
Maintenance Plan (Plan) and Wetland and Waterbody Construction and Mitigation
Procedures and Horizontal Directional Drilling (HDD) Inadvertent Returns and Contingency
Plan will collectively mitigate any short-term project impacts thus minimizing the likelihood
of any long-term impacts.
2.3.12.ii Cumulative Impacts
The PennEast Project is but one of a number of pipeline or utility projects occurring within the
eastern Pennsylvania and western New Jersey region. Other regional power transmission
projects are the Transco pipeline and the proposed Texas Eastern TEAM 2014 Project and the
Columbia East Side Expansion Project. As noted earlier, the cumulative impacts arising from the
PennEast Pipeline are a function of the additive negative environmental effects caused by other
past and future pipeline and electric transmission line projects (linear development). In short,
the impacts caused by other regional linear development projects worsen the long -term,
ecological, project specific impacts attributable to the PennEast Pipeline.
The “most favorable route” for the majority of linear development projects tends to be
through undeveloped lands. This is reflected in the proposed PennEast Pipeline pathway. Such
routes avoid populated areas and the human health and safety issues that must be addressed
when running conventional and unconventional gas pipelines or power lines through or near
established neighborhoods, schools or public facilities. As in the case with the PennEast
Pipeline, the “most favorable route” involves the disturbance of environmentally sensitive and
protected lands, dedicated public open space and preserved farmland. Each of these projects
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has a permanent access/inspection/maintenance ROW that can vary from 50’ to 150’ in width.
Again, the permanent ROWs associated with these projects further exacerbate the amount of
long-term destruction and ecological losses caused along the entire length of the transmission
corridor.
Thus, with each of these projects comes some combination of stream impact, core forests
destruction, wetland and riparian corridor disturbance, and clearing of steeply sloped lands. As
such, each project has caused or will cause its own unique set of impacts and add another layer
of acute and long-term assaults to the environment. Additionally, each new project magnifies
the project specific impacts of each prior project. When dealing with environmental impact
assessment, each project is evaluated independently; the cumulative impacts of multiple linear
development projects are not assessed and the additive long-term impacts of past and future
linear projects fail to be recognized.
Some of the major gas transmission lines already located in eastern Pennsylvania include the
Blakeslee, Transco, Humbolt, Shickshinny, Wyoming, Appalachian Basin and UGI gas lines.
Similarly, in western New Jersey there are already a number of pipelines and transmission lines
transecting the State’s sensitive forests, wetland, and streams as well as preserved farmland.
These include the proposed Pilgrim Pipeline and the existing Algonquin, TGP, Transcontinental,
Elizabethtown, and Texas Eastern gas lines. Add to this all of the large electrical transmission
lines such as the Susquehanna-Roseland line, and it becomes clearly evident that the
cumulative impacts of these linear development projects cannot be overlooked or
underestimated. It is also obvious that the cumulative impacts of these projects will accelerate
the long-term negative effects that come about due to the fragmentation of critical forest,
wetland and riparian habitats.
In terms of cumulative impact analysis, the DEIS focused mostly on the short-term impacts of
PennEast relative to other projects such as residential developments, utility lines, and
transportation projects. FERC concluded that these impacts would be temporary and
relatively minor overall. FERC rationalizes that although cumulative impacts will occur as a
result of PennEast, there will be cumulative benefits to the community due to “increased tax
revenues…jobs, wages, and purchases of goods and materials”. Overall FERC concludes that
PennEast’s cumulative impacts will “be effectively limited”. However, FERC’s analysis of the
Project’s cumulative impacts was very limited in its scope. Thus a true, comprehensive
analysis of the Project’s cumulative impacts is lacking in the DEIS. Additionally, FERC’s
conclusions regarding the Project’s cumulative local and regional impacts is not based on the
evaluation of PennEast relative to other large-scale development projects or other existing
and proposed linear development projects.
3.

Reliance on Mitigation

As of the date of the DEIS’s publication, FERC had received 11,565 specific comments contained
in 3,960 comment letters (Page 1-14). FERC indexed these comments relative to specific subReview of PennEast DEIS; FERC Docket # CP15-558-000
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sections of the DEIS (refer to Table 1.4). Among the more commonly received public comments
reviewed by FERC (as per Table 1.4) within the DEIS are those dealing with:








Impacts on state-classified designated waters and rivers,
Long-term operational impacts
Impacts to ecologically important areas (e.g. the Sourlands),
Forest fragmentation,
Destruction of habitat important to a number of threatened and endangered species
Cumulative impacts, and
Adequacy of mitigative measures.

As noted throughout Section 2 of this report, FERC’s uniform answer to these concerns is that
the mitigative measures proposed by PennEast will adequately address any potential impacts,
resulting in what FERC defines as an “adequate minimization” of damages to natural resources,
recreational resources and scenic resources.
However, for the most part mitigation plans represent the minimum actions that need to be
taken and such plans do not guarantee that a project will not cause irreversible environmental
damage. This is best exemplified by erosion and sediment control plans; a commonly
referenced mitigation strategy identified by FERC throughout the DEIS. The Project’s E&SCP
emphasizes the containment of soil and sediment during the construction phase and then the
stabilization of the soils after construction is completed. While preventative by design, these
measures do not fully preclude the off-site transport of soil or sediment. The limitations of soil
erosion and sediment control plans are clearly recognized in PADEP’s Erosion and Sediment
Pollution Control Manual (Technical Guidance Number 363-2134-008, 2012), which states that
measures and BMPs contained in the manual are “expected to achieve the regulatory standard
of minimizing the potential for accelerated erosion and sedimentation”. The Manual also notes
that “human activities…typically increase the rate of erosion to many times that which occurs
naturally”. At best E&SCPs work at sites that are not challenged by steep slopes, thin soils,
sensitive vegetation and flowing water; conditions common to the route of the PennEast
Pipeline.
In the upland areas through which the pipeline traverses there will be the need to clear cut and
remove numerous, densely growing, large, established trees. Some of this clear cutting will
occur in core forest areas. The clear cutting of the trees at the scale needed for this project will
create a major acute ecological problem. From the perspective of erosion, the logging activity
associated with felling the trees and then removing them from the pipeline ROW creates an
erosion problem that is much different than that caused by conventional development activity.
First, unlike a typical development site no intrinsic infrastructure is created to facilitate the
removal of trees. This means additional clearing is needed to create access roads and staging
areas. Second, much of the upland work along the PennEast ROW occurs in areas characterized
by steep terrain. This increases the severity of the erosion problems caused by clear cutting.
Third, the native soils in these steeper areas are shallow and fragile, and once exposed are
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more likely to erode and unlikely to be easily stabilized. Thus, although erosion and sediment
control measures could be implemented, the topography of sections of the pipeline’s route will
limit the effectiveness of soil and sediment control measures. Therefore, even with the best
developed soil erosion and sediment control plan in place there will be sediment and soil
erosion impacts given the scale of the project and the sensitivity of the environments traversed
by the pipeline.
The acute erosion problems caused by the PennEast Pipeline are not limited to upland areas.
Some of the more potentially severe acute and long-term impacts occur where the pipeline
crosses through wetlands and streams. These areas are characterized by persistent standing
water, actively flowing water or saturated soils. Such conditions pres ent especially difficult
conditions for the proper installation of erosion and sediment control measures. Such
conditions also decrease the functionality of most erosion and sediment control measures,
which by design are meant to work in dry environments. Those control measures intended to
be used in wet environments often require the dewatering of the site to allow the measure to
be installed or constructed. This in itself creates an impact to the stream or wetland ecosystem
and resident organisms by significantly altering the hydrologic regime. Those measures
intended to be used in wet conditions will not be able to fully prevent eroded or disturbed soil
from being mobilized and transported downstream, especially during storm events. As such
the impacts will extend beyond the actual construction site.
There is also an increased need to inspect, re-install and maintain erosion control measures
installed in wetland and stream environments. The repeated need to access an area to reinstall or maintain erosion control measures is problematic. By repeatedly accessing and
working in wetlands, stream corridor or riparian areas further increases the likelihood of
erosion, sedimentation and acute environmental damage. Thus, although the pipeline plan
may involve the implementation of an E&SPC, those measures insufficiently protect the
transected streams and wetlands from sedimentation damages. In fact, due to the need for
repetitive maintenance the installed erosion and sediment control measures may actually
exacerbate environmental damages and prolong sedimentation and siltation problems. Clearly
there is the need to implement proper erosion and sediment control measures, however when
working within stream, wetland and riparian corridors the implementation of these measures
and their maintenance need to be conducted in a manner consistent with the sensitively of
these environments. Appendix C of the DEIS reviews the measures that will be implemented to
control impacts associated with:






Typical ROWs (Section 9)
Clearing of Vegetation (Section 9)
Hydrostatic Testing (Section 9)
Waterbodies (Section 10), and
Wetlands (Section 11)

In total only 19 pages of Appendix C are dedicated to the procedures and measures that will be
taken to control soil and sediment impacts to upland, wetland and water resources. These
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measures do not guarantee that upland, wetland or water resources will not be compromised
or altered. For example the section pertaining to wetland crossings concludes with the
statement: “The original wetland contours and flow regimes will be restored to the extent
practical”.
A major problem with sedimentation, increased turbidity and siltation in aquatic and wetland
environments is the impact this has on the resident biota. Excessive suspended sediments in
the water column or prolonged periods of elevated turbidity will directly affect the spawning
success of many organisms and impact the foraging success of a wide variety of filter feeding
species. While these impacts can be damaging at any time of year, the severity is magnified
significantly during ecologically critical times of year. Because different species rely on these
streams at different times of year for spawning, nursery or feeding habitat, “working around”
certain times of year is not an option. In fact the limits placed by NJDEP and PADEP on work
within a stream are intended to minimize impacts to cold water fish.
The inadequacies of mitigation also relate to the restoration of each stream crossed by
PennEast. HDD is limited to a few crossings with the majority of the crossing accomplished by a
simple “dig and drop” approach involving flow diversion (Refer to Section 11 of Appendix C). At
each of these crossing, some means will need to be implemented to divert flow around the
project area and/or keep the pipe trench dewatered. Again, the trench depth will be at least 56 feet below existing stream grade, and could be even deeper to avoid thermal impacts to the
stream or to protect the pipe from high-energy event scour and exposure. Overall, this type of
construction is very disruptive to the stream and will negatively affect its ecological
functionality. The current mitigative measures planned by PennEast, while perhaps addressing
short-term erosion and sedimentation impacts, do nothing to restore the streams to their predisturbance ecological complexity and functionality. In order to justifiably state that the
pipeline will cause “no impact” at each stream crossing, the subject stream must have its
stream channel restored to the pre-construction width, depth, slope and substrate. This entails
the collection of detailed stream data and seasonal sampling of the stream’s biota, neither of
which is proposed by PennEast or recommended by FERC. The restored substrate would also
have to mirror the pre-construction composition of the streambed and bank materials and
condition, including restoration of the kind, quantity and quality of rock, sediment, woody
debris and vegetation. Additionally, the stream’s restoration must allow for natural channel
migrations, flows, sediment transport, and stream channel evolutions typical of natural stream
flows. None of the mitigation measures discussed by FERC within the DEIS satisfy these
requirements or demonstrate the ability to fully restore the streams to pre-construction
conditions.
The fact is that the proposed mitigation does not require a return to a pre-construction state.
It only requires that the minimum, basic requirements stated in the regulations are satisfied.
The fallacy with this is that the lack of impact predicted in the DEIS is based on the
assumption any implemented mitigation measure will result in the affected resource being
fully restored to its pre-construction state. That is never the case. Additionally, pipeline
projects have had a very bad history of failed mitigation. These failures only reinforce that
Review of PennEast DEIS; FERC Docket # CP15-558-000
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the proposed level of mitigation for stream and wetland crossings is difficult to achieve and
commonly fail to return the stream or wetland to pre-construction conditions.
In summary, the DEIS does conclude that the Project will “result in some adverse
environmental impacts”. However, FERC concludes that most of these impacts would be
“temporary or short-term” and largely associated with pipeline construction. The DEIS also
concludes that “long-term and potentially permanent environmental impacts on vegetation,
wetlands, and individual fish and wildlife species would also occur”. However, FERC
concludes that if PennEast constructs and operates the pipeline in accordance with
applicable laws and regulations, and implements the mitigation measures discussed in the
DEIS and follows FERC’s recommendations, most of the adverse impacts will be reduced to
less than significant levels.
FERC’s repeated conclusion that PennEast’s impacts can be minimized or adequately
mitigated is inaccurate, and is not supported by any data. It is strongly recommended that
FERC review the DEIS relative to the issues and comments raised in this report. It is also
strongly recommended that FERC require PennEast to conduct the same types of thorough
pre-construction studies and analyses required by NJDEP, PADEP and the DRBC for any major
project. Overall, our findings conflict with those of FERC and point to a project with the high
likelihood of causing significant short-term and long-term impacts to critically sensitive,
regionally important, environmental resources.
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The Interstate Natural Gas Association of America (INGAA) Foundation, Inc., has released another
report on the impacts of pipelines on property values and property insurability.1 Like a previous report
using the same methods, the report claims that pipelines have no measurable impact on property values
of homes of any type, regardless of the age or size of the transmission line. The report quantitatively
analyzes two pipelines in Ohio, plus one each in Virginia, New Jersey, Pennsylvania, and Mississippi.
Like its similar 2001 study,2 this new study has many flaws in methods and uses the same, incorrect
assumptions.3 The authors attempt to compare prices for properties “adjacent to” a pipeline with the
price of properties “off” the pipeline. The trouble in each of their case studies, however, is that the
definition of "adjacent to" ignores the potential impact of health and safety risks that may be depressing
property values for a majority (and in some cases, all) of the properties considered. Specifically, and for
most of the properties, the authors fail to account for the fact that many of the “off” properties analyzed
are in fact included in the evacuation zone of the pipeline, which would mean the study is not truly
distinguishing between properties potentially affected by the pipeline and those beyond the danger
zone.
●

For the Texas Gas Transmission in Ohio, based on the lowest estimated pressure (PSI) for a 26”
pipeline, 25 of the 31 (81%) “off” properties are actually located in the evacuation zone (615.5
feet). 4, 5

1

Integra Realty Resources. 2016. “Pipeline Impact to Property Value and Property Insurability.” 2016.01. Interstate
Natural Gas Association of America (INGAA) Foundation, Inc. http://www.ingaa.org/PropertyValues.aspx.
2
Allen, Williford & Seale Inc. 2001. “Natural Gas Pipeline Impact Study.” F‐2001‐02. Interstate Natural Gas Association of
America (INGAA) Foundation, Inc.
3
The flaws in the 2001 study are described in Phillips, Bottorff and Wang, 2016, Economic Costs of the Atlantic Coast
Pipeline: Effects on Property Value, Ecosystem Services, and Economic Development in Western and Central Virginia,
Charlottesville, VA: Key‐Log Economics available at keylogeconomics.com.
4
In most cases, we were able to estimate the evacuation zone based on the diameter and operating pressure given for the
pipeline. The Pipeline Association for Public Awareness provides a lookup table with these evacuation zones. For
pipelines that fall between the sizes or pressures given,, we interpolated the evacuation zone from the available
information. (See Appendix C of “Pipeline Emergency Response Guidelines,” Pipeline Association for Public Awareness,
2007, www.pipelineawareness.org.)
5
For this pipeline, we used the lowest estimated pressure because the exact PSI was not noted in the study or available
from other sources. This estimate is the most conservative and it is likely the evacuation is actually larger, meaning even
more of the "off" properties listed are, in effect, near the pipeline.

c/o Studio IX, 969 2nd St., SE, Charlottesville, Virginia 22902
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●

For the REX-EAST pipeline in Ohio, based on a max operating PSI of 1480 for a 42” pipeline, 5
of the 9 (56%) “off” properties are actually located in the EVAC zone (3683.8 feet).

●

For the Transcontinental Gas Pipeline in New Jersey, based on the max operating PSI of 1480
for a 42” pipeline, ALL “off” properties are actually located in the EVAC zone (3683.8 ft).

●

For the Gulf South Transmission Pipeline in Mississippi, based on the lowest estimated
operating PSI of 100 for a 30” pipeline, 9 out of the 17 (53%) “off” properties are actually located
in the EVAC zone (684 ft).4

●

For the Transco (Williams) Pipeline in Virginia and the Williams Natural Gas Pipelines in
Pennsylvania, the authors do not report the distance away from the pipeline, rather there is just
a yes or no regarding whether or not the property is abutting the right of way. Assuming the
authors methods, while flawed, are at least consistent from one case study to the next within the
paper, it is likely that 50% or more of the comparison properties (those not abutting the right-of
way) are in fact within the evacuation zone and, therefore, are not materially different from
those abutting the right-of-way from the perspective of health and safety effects on property
value.

In summary, while any econometric evaluation of differences in market prices requires comparing
observed prices of things that are different in some way, the INGAA study is merely reporting that there
is little difference in the price of things that are not materially different. The authors should be
comparing apples to oranges, but instead they compare oranges to oranges.
In addition, the INGAA study suffers from a more serious flaw in that the authors do not state whether
or not the purchasers of any of the properties analyzed were aware of the properties’ proximity to a
pipeline. If a market price is to be taken as a signal of economic value, then the price must arise from a
transaction in which both buyers and sellers have full information about the property being sold. But
proximity to natural gas pipelines is not typically something that sellers and realtors are required to
disclose. If buyers in the study were unaware that they were buying a property near a natural gas
pipeline, then one cannot legitimately conclude that their offer prices reflect the effect of the presence
or absence of a pipeline on property value.
As a result of these flaws, it is impossible to conclude from INGAA's study that a property value effect
does not exist. Other, more appropriate/robust studies, like the study by Hansen, Benson, and Hagen
(2006)6 actually reinforce the conclusion that when buyers do know about a nearby pipeline, market
prices drop. These authors found that property values fell after a deadly 1999 liquid petroleum pipeline
explosion in Bellingham, Washington. They also found that the negative effect on prices diminished
over time. This makes perfect sense if, as is likely, information about the explosion dissipated once the
explosion and its aftermath left the evening news and the physical damage from the explosion had been
repaired.
Similarly, Kielisch (2015) concludes that when buyers are aware that a property is near a pipeline, their
willingness to buy the property and their average offer prices drop significantly.7 In his systematic

6

Hansen, Julia L., Earl D. Benson, and Daniel A. Hagen. 2006. “Environmental Hazards and Residential Property Values:
Evidence from a Major Pipeline Event.” Land Economics 82 (4): 529–41.
7

Kielisch, Kurt. 2015. “Study on the Impact of Natural Gas Transmission Pipelines.” Forensic Appraisal Group, Ltd.
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review of studies were buyers, Realtors, or appraisers were aware of properties’ proximity to natural gas
pipelines, He found, in brief, that

● 6
 8% of Realtors believe the presence of a pipeline would decrease residential property value,
with 56% of Realtors estimating a decrease in value between 5% and 10%.

● 70% of Realtors believe a pipeline would cause an increase in the time it takes to sell a home.
● 62.2% of buyers in a different study stated that they would no longer buy a property with/on a

pipeline ROW at any price. Of the remainder, half (18.9%) stated that they would still buy the
property, but only at a price 21% below what would otherwise be the market price. The other
18.9% said the pipeline would have no effect on the price they would offer. Not incidentally, the
survey participants were informed that the risks of “accidental explosions, terrorist threats,
tampering, and the inability to detect leaks” were “extremely rare” (2015, p. 7).
This translates into a reduction in expected value of 10.5% for those who proceed to buy the
home. If you consider that the 62% of buyers who drop out are effectively reducing their offer
prices by 100%, the expected reduction in offer price for all potential buyers 66.2%.

● Based on five “impact studies” in which appraisals of smaller properties with and without
pipelines were compared, “the average impact [on value] due to the presence of a gas
transmission pipeline is -11.6%” (p. 11).

Clearly when one considers property transactions in which one’s eyes are open to the presence or or
proximity to a pipeline, market prices fall because the properties are less attractive and valuable to their
would-be or actual new owners.
In conclusion, the recent INGAA study does not provide conceptually or empirically valid results
regarding the effect of natural gas pipelines on property value. Citizens local government officials and
FERC should be looking to the best available information from studies such as those referenced here.
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The need for more takeaway capacity out of the Marcellus and Utica shales has become a common refrain, but
with a long list of projects on tap the Northeast could be headed for a pipeline overbuild, according to RBN
Energy LLC President Rusty Braziel.
Speaking to attendees at the 21st Annual LDC Gas Forums Northeast conference in Boston Tuesday, Braziel
said an evaluation of price and production scenarios through 2021 suggests the industry is planning too many
pipelines to relieve the region’s current capacity constraints.
“Is it possible that we could build too much takeaway capacity out of the” Marcellus and Utica? “It’s certainly
happened in about every other segment of the energy business over the last few years,” Braziel said.
Braziel said his firm estimated Northeast production through 2021 by taking a range of price scenarios and
determining what producers would be likely to drill and how many drilled but uncompleted (DUC) wells they
would put into service.
RBN’s most aggressive growth scenario, based on 2021 prices of $4/MMBtu Henry Hub and $60/bbl West
Texas Intermediate, would see the Marcellus and Utica increase production by 11 Bcf/d over the next five years.
Meanwhile, add up all the major proposed Marcellus/Utica takeaway projects headed to the East (3.3 Bcf/d), to
the Midwest (4.3 Bcf/d), to the Gulf of Mexico (4.5 Bcf/d), to the South along the Atlantic Coast (5.2 Bcf/d)
and to Canada (.65 Bcf/d) and it equals 18 Bcf/d of new capacity by 2019.
“Could prices be higher, and could [the growth scenario] be higher because prices are higher? Yes, it could.
Could pipes be delayed? Absolutely,” Braziel said. Ultimately the discrepancy between the growth projections
and planned capacity “means that there are a lot of things that could go right or wrong depending on your
perspective on all of this...If you’re looking at this from the standpoint of a company committing or considering
commitments to any pipelines, firm pipeline capacity, 20-year deals, you just might want to think long and hard
about whether [an overbuild] could happen.”
http://www.naturalgasintel.com/articles/106695-marcellusutica-on-pace-for-pipeline-overbuild-says-braziel
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Braziel drew parallels between the current state of shale hydrocarbon commodities markets and the housing
market crash during the Great Recession.
“What we’re really seeing is the tail end of a bubble, and what’s actually happened is that bubble attracted
billions of dollars worth of infrastructure investment that now has to be worked off,” he said. “It’s entirely
possible that that could be the world that we’re into now, that it’s this world of infrastructure investment that
we’re dealing with right now and that this has a lot to do with what we’re seeing happening up in the
Northeast.”
Basis differentials at Appalachian Basin trading points still point to a need for more pipelines, Braziel said. It
may come down to which projects pull from the remaining active areas within the basin, he said.
“Due to localized transportation or capacity constraints, that means a lot of these pipes are going to be needed
anyway. Growth is in very narrow pockets, so we’re going to need some of these pipes,” Braziel said. “That
means if you’re looking at one of those pipes that is not in one of these narrow pockets, then that pipeline might
be at risk.”
Of the 15 counties responsible “for the vast majority” of drilling activity in Pennsylvania, Ohio and West
Virginia, “there’s only been nine of those counties that have anything going on today...It’s a very concentrated
market with not much drilling going on. Of course, there are the DUCs. So there are certainly DUCs coming
back, but the majority of the DUCs, guess what? The good DUCs are coming back in those very same
counties...There’s a lot of other DUCs that are scattered about in those other counties that were drilled quite
some time ago. They’re probably not coming back. The economics are not so good. We like to call them the
dead DUCs.”
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Jeremiah Shelor joined NGI in October of 2015 after two years covering business and
politics for The Exponent Telegram in Clarksburg, WV. He holds a Bachelor of Arts in
Creative Writing from Virginia Tech.
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  2014	
  
	
  
Ms.	
  Kimberly	
  Bose	
  
Federal	
  Energy	
  Regulatory	
  Commission	
  
Office	
  of	
  the	
  Secretary	
  
888	
  1st	
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  NE	
  
Washington,	
  DC	
  20428	
  
	
  
Re:	
  Docket	
  No.	
  PF15-‐1-‐000:	
  Comments	
  Regarding	
  PennEast	
  Pipeline	
  Project,	
  Scoping	
  Period	
  
	
  
Dear	
  Ms.	
  Bose,	
  	
  
	
  
Attached	
  please	
  find	
  an	
  expert	
  analysis	
  of	
  “need”	
  for	
  the	
  PennEast	
  Pipeline	
  Project.	
  	
  	
  
	
  
Arthur	
  E.	
  Berman,	
  author	
  of	
  the	
  attached	
  analysis,	
  is	
  a	
  Geological	
  Consultant	
  and	
  Director	
  of	
  
Labyrinth	
  Consulting	
  Services.	
  	
  Mr.	
  Berman	
  is	
  a	
  petroleum	
  geologist	
  with	
  36	
  years	
  of	
  oil	
  and	
  gas	
  
industry	
  experience.	
  	
  Mr.	
  Berman	
  is	
  an	
  expert	
  on	
  U.S.	
  shale	
  plays,	
  and	
  has	
  published	
  more	
  than	
  100	
  
articles	
  on	
  oil	
  and	
  gas	
  plays	
  and	
  trends.	
  	
  
	
  
Please	
  accept	
  this	
  expert	
  analysis	
  for	
  the	
  record	
  from	
  the	
  Delaware	
  Riverkeeper	
  Network.	
  
	
  
Sincerely,	
  
	
  

Maya	
  K.	
  van	
  Rossum	
  
the	
  Delaware	
  Riverkeeper	
  
	
  

DELAWARE RIVERKEEPER NETWORK
925 Canal Street, Suite 3701
Bristol, PA 19007
Office: (215) 369-1188
fax: (215)369-1181
drn@delawareriverkeeper.org
www.delawareriverkeeper.org
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Professional	
  Opinion	
  on	
  the	
  Proposed	
  PennEast	
  Pipeline	
  Project	
  
	
  
	
  
The	
  PennEast	
  Pipeline	
  project	
  proposal	
  fails	
  to	
  adequately	
  address	
  need	
  and	
  volume	
  requirements	
  and,	
  
therefore,	
   should	
   not	
   be	
   approved	
   unless	
   these	
   issues	
   are	
   adequately	
   addressed.	
   	
   Based	
   on	
   current	
  
natural	
  gas	
  supply	
  and	
  demand,	
  there	
  is	
  no	
  apparent	
  need	
  for	
  the	
  gas	
  that	
  would	
  be	
  transported	
  by	
  the	
  
pipeline.	
   	
   If	
   future	
   demand	
   is	
   anticipated,	
   this	
   must	
   be	
   stated	
   and	
   explained	
   clearly	
   in	
   the	
   proposal.	
  
Assuming	
   that	
   need	
   is	
   shown,	
   the	
   proposal	
   is	
   vague	
   about	
   what	
   portion	
   of	
   the	
   approximately	
   1	
   billion	
  
cubic	
   feet	
   per	
   day	
   (Bcf/d)	
   would	
   be	
   delivered	
   to	
   consumers	
   in	
   southeastern	
   Pennsylvania	
   versus	
   New	
  
Jersey.	
  	
  It	
  is	
  also	
  unclear	
  whether	
  there	
  may	
  be	
  an	
  intention	
  not	
  stated	
  in	
  the	
  proposal	
  to	
  supply	
  gas	
  to	
  
markets	
  beyond	
  Pennsylvania	
  and	
  New	
  Jersey.	
  
	
  
Existing	
   interstate	
   pipelines	
   provide	
   all	
   of	
   New	
   Jersey’s	
   natural	
   gas	
   demand	
   and	
   Pennsylvania	
   is	
   a	
   net	
  
exporter	
   of	
   natural	
   gas	
   to	
   other	
   states	
   so	
   has	
   no	
   unfilled	
   demand.	
   	
   Based	
   on	
   these	
   facts	
   about	
   present	
  
supply	
  and	
  demand,	
  it	
  is	
  not	
  clear	
  that	
  a	
  need	
  exists	
  for	
  the	
  PennEast	
  Pipeline	
  project.	
  
	
  
Natural	
   gas	
   consumption	
   for	
   New	
   Jersey	
   has	
   been	
   relatively	
   flat	
   for	
   the	
   past	
   four	
   years	
   at	
   average	
   rate	
   of	
  
1.8	
  billion	
  cubic	
  feet	
  of	
  gas	
  per	
  day	
  (Bcf/d),	
  somewhat	
  below	
  the	
  higher	
  levels	
  of	
  the	
  late	
  1990s	
  (Figure	
  1).	
  	
  	
  
Although	
   consumption	
   increased	
   slightly	
   in	
   2013	
   compared	
   to	
   the	
   three	
   previous	
   years,	
   New	
   Jersey	
  
cannot	
   be	
   called	
   a	
   growth	
   market	
  as	
   the	
   proposal	
   states.	
   	
   New	
  Jersey	
   gas	
   supply	
   is	
   shown	
   in	
   Table	
   1.	
   	
   The	
  
small	
  difference	
  between	
  supply	
  and	
  consumption	
  is	
  accounted	
  for	
  by	
  processing	
  and	
  transportation	
  loss,	
  
and	
  compression	
  needs.	
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Figure	
  1.	
  	
  New	
  Jersey	
  annual	
  natural	
  gas	
  consumption.	
  	
  Source:	
  	
  EIA.	
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Table	
  1.	
  	
  New	
  Jersey	
  and	
  Pennsylvania	
  net	
  natural	
  gas	
  deliveries	
  by	
  interstate	
  pipeline.	
  	
  Source:	
  	
  EIA.	
  
	
  
Pennsylvania	
   natural	
   gas	
   demand	
   has	
   grown	
   since	
   the	
   recent	
   boom	
   in	
   Marcellus	
   Shale	
   production	
   (Figure	
  
2).	
   	
   At	
   the	
   same	
   time,	
   Pennsylvania	
   has	
   been	
   a	
   net	
   exporter	
   of	
   natural	
   gas	
   since	
   2003	
   (Table	
   1).	
  	
  
Pennsylvania	
  exported	
  2.5	
  Bcf/d	
  in	
  2013	
  and	
  2.8	
  Bcf/d	
  in	
  2014.	
  	
  	
  It	
  must,	
  therefore,	
  be	
  assumed	
  that	
  most	
  
if	
  not	
  all	
  of	
  the	
  gas	
  for	
  the	
  proposed	
  PennEast	
  Pipeline	
  would	
  go	
  to	
  New	
  Jersey.	
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Figure	
  2.	
  	
  Pennsylvania	
  annual	
  natural	
  gas	
  consumption.	
  	
  Source:	
  	
  EIA.	
  
	
  
Although	
  PennEast	
  discusses	
  price	
  competition	
  and	
  diversity	
  of	
  supply	
  as	
  positive	
  potential	
  outcomes	
  for	
  
their	
   proposed	
   pipeline,	
   they	
   fail	
   to	
   address	
   need.	
   	
   Additional	
   future	
   need	
   for	
   natural	
   gas	
   may	
   exist	
   as	
  
New	
   Jersey	
   moves	
   away	
   from	
   heating	
   oil	
   and	
   coal-‐fueled	
   sources	
   of	
   electric	
   power	
   but	
   these	
   are	
   not	
  
mentioned	
  in	
  the	
  proposal.	
  
	
  
The	
   proposed	
   PennEast	
   Pipeline	
   would	
   deliver	
   an	
   additional	
   1	
   Bcf/d	
   of	
   natural	
   gas	
   to	
   New	
   Jersey	
  
potentially	
   creating	
   a	
   53%	
   supply	
   surplus	
   above	
   the	
   current	
   level	
   of	
   consumption.	
   	
   Assuming	
   that	
  
PennEast	
   can	
   demonstrate	
   some	
   need,	
   it	
   is	
   unclear	
   why	
   1	
   Bcf/d	
   of	
   additional	
   supply	
   is	
   warranted	
   or	
  
appropriate	
  particularly	
  in	
  light	
  of	
  the	
  considerable	
  property	
  and	
  environmental	
  issues	
  that	
  construction	
  
will	
  entail.	
  	
  If	
  PennEast	
  intends	
  to	
  supply	
  additional	
  markets	
  outside	
  of	
  New	
  Jersey,	
  there	
  is	
  no	
  mention	
  of	
  
this	
  in	
  the	
  proposal.	
  
	
  
Marcellus	
   Shale	
   production	
   today	
   can	
   only	
   be	
   described	
   as	
   an	
   epidemic	
   of	
   over-‐production.	
   	
   When	
   the	
  
play	
  began	
  in	
  earnest	
  in	
  2005,	
  the	
  northeastern	
  United	
  States	
  relied	
  on	
  pipeline	
  gas	
  deliveries	
  from	
  the	
  
Gulf	
  Coast.	
  	
  At	
  that	
  time	
  there	
  was	
  a	
  positive	
  differential	
  relative	
  to	
  Henry	
  Hub	
  pricing.	
  	
  As	
  production	
  has	
  
increased,	
   the	
   northeastern	
   gas	
   market	
   is	
   near	
   saturation	
   and	
   spot	
   prices	
   are	
   presently	
   at	
   a	
   negative	
  
differential	
  of	
  about	
  -‐$1/	
  million	
  cubic	
  feet	
  compared	
  with	
  the	
  Henry	
  Hub.	
  
	
  
The	
  over-‐supply	
  from	
  the	
  Marcellus	
  Shale	
  is	
  expected	
  to	
  increase	
  as	
  more	
  wells	
  are	
  drilled.	
  	
  The	
  only	
  relief	
  
for	
  producers	
  is	
  to	
  export	
  gas	
  outside	
  of	
  Pennsylvania	
  via	
  new	
  pipelines	
  and	
  by	
  reversing	
  flow	
  in	
  existing	
  
pipelines.	
  	
  The	
  plan	
  to	
  export	
  gas	
  to	
  New	
  Jersey	
  benefits	
  producers	
  who	
  have	
  consciously	
  destroyed	
  value	
  
in	
  Pennsylvania	
  by	
  providing	
  them	
  with	
  additional	
  markets	
  for	
  their	
  gas.	
  	
  It	
  is	
  unclear	
  if	
  there	
  is	
  any	
  benefit	
  
to	
  the	
  public.	
  	
  	
  Although	
  it	
  is	
  certainly	
  the	
  right	
  of	
  mineral	
  owners	
  to	
  over-‐produce	
  natural	
  gas	
  at	
  a	
  loss	
  if	
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they	
  choose	
  to	
  and	
  can	
  justify	
  it	
  to	
  shareholders,	
  it	
  is	
  unclear	
  why	
  FERC	
  should	
  grant	
  them	
  the	
  means	
  to	
  
remedy	
  the	
  unfavorable	
  price	
  environment	
  that	
  they	
  have	
  deliberately	
  brought	
  upon	
  themselves.	
  
	
  
Because	
  of	
  the	
  lack	
  of	
  demand	
  for	
  Marcellus	
  gas	
  in	
  Pennsylvania	
  and	
  adjacent	
  New	
  Jersey,	
  it	
  is	
  possible	
  
that	
   PennEast	
   and	
   its	
   committed	
   suppliers	
   have	
   an	
   unstated	
   intent	
   to	
   send	
   gas	
   to	
   other	
   markets	
   not	
  
specified	
  in	
  their	
  proposal	
  including	
  the	
  Cove	
  Point	
  LNG	
  export	
  facility	
  in	
  Maryland.	
  	
  Although	
  much	
  has	
  
been	
   made	
   of	
   the	
   supposed	
   profitability	
   of	
   LNG	
   export	
   based	
   on	
   the	
   price	
   arbitrage	
   between	
   North	
  
America	
  and	
   Europe	
  and	
  East	
  Asia,	
  these	
  claims	
  fail	
  to	
  address	
  the	
  cost	
  of	
  liquefaction	
  and	
  trans-‐ocean	
  
transport.	
  	
  	
  
	
  
The	
   best	
   case	
   for	
   LNG	
   export	
   from	
   a	
   brown	
   field	
   export	
   terminal	
   like	
   Cove	
   Point	
   yielded	
   marginally	
  
economic	
  outcomes	
  before	
  the	
  recent	
  drop	
  in	
  oil	
  prices.	
  	
  Since	
  most	
  LNG	
  contracts	
  in	
  Europe	
  and	
  Asia	
  are	
  
based	
  on	
  crude	
  oil-‐price	
  linkage,	
  lower	
  oil	
  prices	
  now	
  make	
  LNG	
  export	
  sub-‐commercial.	
  
	
  
In	
  summary,	
  the	
  proposed	
  PennEast	
  Pipeline	
  project	
  should	
  not	
  be	
  approved	
  because	
  need	
  has	
  not	
  been	
  
demonstrated.	
  	
  If	
  need	
  can	
  be	
  shown,	
  the	
  proposed	
  1	
  Bcf/d	
  volume	
  must	
  be	
  justified.	
  
	
  
	
  
	
  
	
  
Arthur	
  E.	
  Berman	
  
Petroleum	
  Geologist	
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About Skipping Stone
Skipping Stone is an energy markets consulting firm that helps clients navigate market changes,
capitalize on opportunities and manage business risks. Our services include market
assessment, strategy development, strategy implementation, managed business services and
talent management. Market sector focus areas are natural gas and power markets, renewable
energy, demand response, energy technology and energy management. Skipping Stone’s
model of deploying only energy industry veterans has delivered measurable bottom-line results
for over 270 clients globally.
Skipping Stone operates Capacity Center which is a proprietary technology platform and data
center that is the only all-in-one Capacity Release and Operational Notice information source
synced with the Interstate pipeline system. Our database not only collects the data as it occurs,
it is a storehouse of historical Capacity Release transactions since 1994. We also track shipper
entity status and the pipeline receipt and/or delivery points, flows and capacity. Our analysts
and consultants have years of experience working in natural gas markets. Capacity Center has
worked with over a hundred clients on a wide variety of natural gas market and pipeline related
reports and projects.
Headquartered in Boston, the firm has offices in Atlanta, Houston, Los Angeles, Tokyo and
London. For more information, visit www.SkippingStone.com.
###
Warranties and Representations. Skipping Stone endeavors to provide information and
projections consistent with standard practices in a professional manner. SKIPPING STONE
MAKES NO WARRANTIES HOWEVER, EXPRESS OR IMPLIED (INCLUDING WITHOUT
LIMITATION ANY WARRANTIES OR MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE), AS TO THIS MATERIAL. Specifically but without limitation, Skipping
Stone makes no warranty or guarantee regarding the accuracy of any forecasts, estimates or
analyses, or that such work products will be accepted by any legal or regulatory body.
Waivers. Those viewing this Material hereby waive any claim at any time, whether now or in the
future, against Skipping Stone, its officers, directors, employees or agents arising out of or in
connection with this Material. In no event whatsoever shall Skipping Stone, its officers, directors,
employees, or agents be liable to those viewing this Material.
Disclaimer. "This report was prepared as work sponsored by New Jersey Conservation
Foundation. Neither the New Jersey Conservation Foundation nor any agency or affiliate
thereof, nor any of their employees, makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness or usefulness of any information,
apparatus, product or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process or service by trade
name, trademark, manufacturer or otherwise does not necessarily constitute or imply its
endorsement, recommendation or favoring by the New Jersey Conservation Foundation or any
agency thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the New Jersey Conservation Foundation or any agency or affiliate thereof."
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Executive Summary
In evaluating the PennEast application, FERC Commissioners will seek to determine whether
the application to build new pipeline capacity provides evidence of public benefit. This study
evaluates a central claim in the application – that PennEast will lower costs to consumers. This
analysis also examines unserved demand for firm capacity and evaluates two alternatives for
meeting peak demand needs of electric generation customers, thereby ensuring reliability of
electric generation.
Our major conclusions are as follows:
1. Local gas distribution companies in the Eastern Pennsylvania and New Jersey
market have more than enough firm capacity to meet the needs of customers
during peak winter periods. Our analysis shows there is currently 49.9% more
capacity than needed to meet even the harsh winter experienced in 2013 (the Polar
Vortex Winter) 1.
2. Providers of gas-fired electric generation can meet their need for electric reliability
more cost-effectively by using either dual fuel or natural gas from LNG facilities.
Natural gas pipelines are typically fully utilized between 10 and 30 days a year. Building
a pipeline that is only fully utilized for a short period of time is not a cost-effective way to
provide reliable electricity. Electric generation customers prefer to purchase supplies
using interruptible contracts 2, knowing that they may not be able to obtain gas supplies
during peak demand periods. Under pressure to improve electric reliability, such
customers now have to choose between contracting for firm supply from new pipeline
capacity, such as PennEast, or choose an alternative to natural gas. A common
alternative is to switch to oil-fired generation when natural gas is not available; a second
is to purchase natural gas from LNG facilities.
Based on our analysis of alternative costs, an electric generator would bear a higher
fixed cost burden by choosing to meet peak demand through firm pipeline capacity and
would be economically better off choosing oil or LNG for the few days each year of high
electric demand.
3. PennEast will add significant excess capacity to the market in Eastern
Pennsylvania and New Jersey. Shippers representing almost 40% of capacity stated in
the application that they intend to shift their gas supplies from existing competitor
pipelines to PennEast, leaving excess and unutilized capacity on other pipelines.
4. The impact of PennEast may well be to increase, rather than decrease, costs to
gas customers. Analysis shows that rate-paying consumers of local gas
distribution companies (LDCs) bear the greatest risk of increased costs
regardless of whether they are on PennEast or competing pipelines. Customers of
the LDC shippers subscribing to PennEast will pay the full cost of annual service for only
1

Concentric Energy Advisors’ (Concentric) report for PennEast used peak sendout figures for this period.
Interruptible transportation contracts are contracts under which no fixed charges are incurred, rather
charges are only incurred when and to the extent the contract is actually used to deliver gas.
4
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a few days of effective usage per year. Customers served by LDCs on competing
pipelines are likely to suffer financial losses in two ways. First, as PennEast adds 1
billion cubic feet per day of capacity to the market, the value of existing capacity in the
secondary market will collapse, shrinking by as much as 50 to 90%. Our analysis of
transactions on two competitor pipelines shows that the loss of benefit to ratepayers, just
on those two pipelines, could be between $130 to $230 million each year. Second, as
customers shift contracts from existing pipelines to PennEast, FERC rules permit those
pipelines to file for rate increases on remaining customers to recover lost revenues.
Resulting rate increases could expose ratepayers to additional costs of over $50 million
per year – just on these two pipelines.
5. PennEast claims of potential savings for gas consumers or electric generation
customers are based on faulty assumptions and analysis. The price spike
experienced during the Polar Vortex is unlikely to be repeated and does not alone justify
the addition of new pipeline capacity. PennEast claimed benefits that are not based
upon future projections of gas prices and do not take into account 8.1 billion cubic feet
per day of infrastructure scheduled to ramp up in 2017. PennEast does not address
evidence that similar price spikes did not occur in Winter 2014/2015 or the introduction
by PJM and NEISO of important Supply Assurance Programs that reduce dependence
on constrained natural gas pipelines during peak demand periods.
6. FERC should not rely on non-arms-length transactions as a foundation for finding
market need. Owners of PennEast contracted for 74.2% of total capacity. FERC
Commissioners have a special responsibility to protect rate-paying customers. For
PennEast, 38.9% of the capacity is held by local gas distribution companies whose
parent firms will benefit from their ownership of PennEast, and whose customers – ratepayers – are at risk of paying for unneeded capacity for 15 years.
7. In the case of PennEast, the precedent contracts signed by local distribution
companies are not arm’s length and should not be relied upon for a finding of
public convenience and necessity.
8. The Commission should institute a full evidentiary proceeding with discovery and
cross-examination to determine what demand is being met by the proposed
pipeline and whether less disruptive and more cost effective alternatives exist to
meet such demand.

5
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Section I – Study Overview
Skipping Stone was asked to review the proposed PennEast Pipeline and provide its opinion of
the potential utilization of the incremental capacity into the geographic region, and what that
might mean for electric generation customers. Understanding that the choice faced by electric
generation firms would require an analysis of the cost and benefits of purchasing firm capacity
on a new pipeline compared to other options, we also provide indicative cost-benefit analyses of
two alternatives. Skipping Stone was also asked to examine possible financial motivations of
the Sponsor/Shippers of PennEast as an alternative explanation for the purpose of the project.
This review is based on our examination of documents from the PennEast Pipeline LLC FERC
Certificate Application CP15-558 and publicly available natural gas industry data and
documents.
The application makes a number of assertions about the project purpose as follows:
“to bring lower cost natural gas produced in the Marcellus Shale region in eastern
Pennsylvania to homes and businesses in New Jersey, Pennsylvania, New York and
surrounding states.”
“…with the additional pipeline capacity, energy consumers throughout eastern
Pennsylvania and New Jersey would have realized over $890 million in reduced energy
costs in the winter of 2013-2014…. Further, without additional natural gas infrastructure
providing the region increased access to the abundant dry natural gas reserves located
in the eastern Pennsylvania production area, similar price spikes and correspondingly,
the potential savings offered by the PennEast Project, could be anticipated in the future.
Thus, the PennEast Project is expected to bring annual energy cost savings and
significant economic benefits to the Pennsylvania and New Jersey economies.”
The assertion that PennEast will produce annual energy cost savings requires looking at a
number of salient factors, including:
1) What is the demand that PennEast is purporting to serve, is there unmet demand for
year-round, firm capacity in the subject region, and related to that, what would be the
utilization rate of such incremental capacity into the subject market. 3 And at such
utilization rate, what would be the effective per-unit cost of such incremental capacity at
indicative utilizations?
2) Is firm, year-round capacity a cost-effective solution to meet electric generation
customers’ needs during peak winter periods?
3) What might be offsetting costs to any potential savings?

3

In this regard, Skipping Stone assumes that the utilization rates of other lines serving the subject market
are or remain the same and that utilization of the PennEast line comes from displacement of peakshaving resources and electric generation. Even if PennEast were to be higher utilized than the
estimated utilizations used in this memorandum, such higher utilization of PennEast would come at the
expense of utilization of other pipelines serving the market. Thus, for economic analysis of the effective
per unit cost of the added capacity, Skipping Stone assumes for these purposes that in the aggregate,
PennEast would serve load unmet by existing natural gas pipelines (i.e., load met by LNG, or oil-fired
electric generation).
6
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4) Are the potential savings predicated on repeats of unusual circumstances?
5) Have there been developments in electric and gas markets subsequent to the filing of
the PennEast application which undermine the assumptions that must be made in order
for there to be future savings associated with the incremental capacity proposed to be
provided by PennEast?
6) In light of potentially questionable demand, what financial motives might underpin the
Sponsor/Shippers’ decision to seek permission to construct a new natural gas pipeline.

Section II – Unserved Demand for Pipeline Capacity and Analysis of
Cost-Effective Alternatives
Can LDCs Meet Needs for Firm Pipeline Capacity?
To evaluate whether current pipeline capacity is sufficient to meet current and future demand
from LDCs and other customers requiring firm capacity in the Eastern PA, NJ region, it is
important to identify the Peak Day demand from LDCs in the region and compare it to Total
Peak Day Resources available in the region. The Concentric Energy Advisors report, sponsored
by PennEast, fails to examine actual pipeline contracts and available resources to meet peak
demand in determining whether PennEast is, in fact, needed to meet peak demand.
We utilized information provided by Concentric about LDC demand in the region from Table 2:
“Eastern Pennsylvania and New Jersey LDC Summary Operating Statistics.” 4 Information for
each LDC is reproduced below in Table 1 as columns (a), (b), (c), and (d) representing Local
Distribution Companies (LDCs), Number of Natural Gas Customers, 2013 Retail Sales Volumes
(Mcf) and Peak Day Sendout (Mcf), respectively.
To properly calculate current Peak Day Resources it is important to include not only LDC held
pipeline capacity and LNG sendout capability, but to also include winter pipeline subscribed
capacity levels of retailers 5 serving load in eastern PA and NJ, end-users and electric
generators with contracts to locations in the same geographic area 6 and capacity held by
producer marketers into this same geographic area 7. Rows 13 and 14 provide the contracted
winter pipeline capacity for these two categories of pipeline capacity holders. For both

4

Sources: EIA Form 176, Annual 1307(f) Filing materials, State LDC Filings, and information provided by
LDCs.
5
Here, retailers are those marketers that explicitly serve residential and commercial load in the
geographic area and have pipeline FT contracts with firm primary delivery points in the subject
geographic area. Note these entities can be distinguished from wholesale Producer-Marketers because
these retailer entities in these markets and others have capacity releases from LDCs that carry the
indicator that they are serving retail load under one or another “retail choice programs” of LDCs.
6
With respect to electric generators’ capacity, Skipping Stone excluded subscribed winter pipeline
capacity level contracts that were for lateral capacity only as these lateral capacity(ies) only entitle the
electric generators to move gas under these agreements from one end of the lateral to another.
7
This type of capacity contract is often referred to as “producer-push” capacity where the capacity comes
into the geographic area often (but not always) to pooling points from which it can be purchased for
delivery to actual delivery locations within the geographic area.
7
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categories, note that capacity held by shippers to New York points or to pipelines leaving New
Jersey, such as Algonquin, was excluded.
We include additional information in columns (e) 8, (f) and (g).
•

Column (e) shows these same entities’ 2015 Contracted Winter Pipeline Capacity levels in
their eastern PA and NJ service locations 9

•

Column (f) provides publicly available LNG vaporization capacity in the same geographic
area (including proposed) and

•

Column (g) shows Total Peak Day Resources (which is the total of columns (e) and (f)) 10

Table 1. Analysis of LDC Demand in Eastern Pennsylvania and New Jersey
(a)

(b)

(c )

(d)

2013

(e )

(f)

(g)

2015

2015

2015

No. of

Retail

Natural Gas

Sales

Peak Day

Winter

LNG

Total

Customers

Volumes

Sendout

Pipeline

Vaporization

Peak Day

(Mcf)

Capacity

(Mcf)

Resources

(Mcf)

Contracted

Eastern Pennsylvania
1 UGI Utilities

357,408

116,675,523

654,050

494,607

202,500

2 UGI Penn

163,796

56,733,872

416,488

218,490

0

218,490

3 PGW

498,694

73,229,988

616,000

304,892

225,000

529,892

4 PECO

697,107

498,843

85,834,449

759,594

551,834

161,700

713,534

1,518,741

332,473,832

2,446,132

1,569,823

589,200

2,159,023

6 PSEG

1,790,240

453,524,804

2,973,000

1,894,994

64,000

1,958,994

7 NJNG

501,595

67,616,570

690,415

525,604

170,000

695,604

8 SJG

359,732

58,997,922

495,056

404,871

75,000

479,871

5 Subtotal
New Jersey

9 SJR Proposed
10 Elizabethtown
11 Subtotal

250,000

250,000

278,871

52,732,119

440,148

302,435

24,000

326,435

2,930,438

632,871,415

4,598,619

3,127,904

583,000

3,710,904

4,449,179

965,345,247

7,044,751
940,095

0

940,095

3,748,500

0

3,748,500

Concentric
12 Regional Total

13 Retailers, End-Users & Power Gen w- Eastern PA & NJ Capacity
14 Producer/Marketers w-Eastern PA & NJ Capacity
15 Regional Totals

8

7,044,751

9,386,322

1,172,200 10,558,522

Skipping Stone used 2015 Winter Contracted Capacity because this is the level of capacity to which the
PennEast capacity is additive. In addition, it represents the level of capacity that exists (and would exist)
absent PennEast and that would be utilized to meet repetitive peak send-outs of the magnitude of those
experienced in 2013.
9
Note that Skipping Stone excluded from such subscribed winter pipeline capacity level contracts that
were for lateral capacity only as these lateral capacity(ies) do not entitle the entity(ies) to receive more
gas but rather are means of moving gas under these agreements from one end of the lateral to another.
10
Note that Skipping Stone did not include propane-air resources of any of the entities in the Total of
Peak Day Resources.
8

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

The above analysis shows that currently subscribed pipeline capacity alone exceeds the
Concentric identified entities’ peak day sendout by over 33% (Line 15 column (e) divided by
Line 15 column (d)). Including these entities’ LNG resources increases deliverability resources
to 10,558,522 (Mcf per day). The purpose of LNG resources is to provide a local distribution
company with additional supplies during peak demand periods that are more cost-effective than
the purchase of additional firm pipeline capacity. In total, there are 49.9% more resources
available to meet peak day demand from local gas distribution companies in the region than is
needed, according to Concentric’s own demand data (Line 15 column (g) divided by Line 15
column (d)).
If PennEast is not needed to supply the needs of LDCs in the region, then is the additional
supply of 1 billion cubic feet per day of pipeline capacity actually necessary, and for what
purpose?

Is Firm Pipeline Capacity Cost-Effective for Electric Generation Customers?
The Concentric study analyzes demand for electric generation, which is typically provided either
by contracts for interruptible capacity or by means of bundled (transportation capacity and gas)
sales at the generators’ delivery points out of the gas network 11, rather than by generator-held
contracts with pipelines for firm capacity. That said, the report nevertheless argues that
additional capacity is needed for electric generation and to prevent “price spikes.”
The period of greatest demand for natural gas is that period of “coincident demand,” when gas
demand for home heating (provided by LDCs) and for electric generation are both high. In the
eastern PA, NJ region coincident demand occurs during winter cold spells. If the demand that
PennEast might serve is the coincident demand of natural gas for heating and electric
generation in the winter-period, then one has to ask two related questions:
•

What is the duration of this coincident demand?

•

What is the most economical means of meeting such coincident demand?

Recent studies by EISPC, ICF, ENERGYZT and Skipping Stone 12 have all identified that the
period of this coincident demand is from 10 to 30 days, and may increase to 45 days by 2020
and 60 days by 2030. The following analysis calculates the cost of capacity for 10, 20 and 30
days, and includes calculations for 45 and 60 days for completeness.

Is Dual Fuel a Cost-Effective Alternative?
To assess the most economical means of meeting this very short period of peak-period
coincident demand, we compare the costs of relying on firm pipeline capacity with a well-known
alternative, the use of dual fuel for electric generation. First, we calculate the cost of providing

11

These delivery points out of the gas network are either at direct-to-plant pipeline points or are points on
LDC systems where the generator can receive gas from the LDC.
12
EISPC “Study on Long-Term Electric and Natural Gas Infrastructure Requirements in the Eastern
Interconnection” September 2014
ICF ”Options for Serving New England Natural Gas Demand October 22, 2013
ENERGYZT “Analysis of Winter Reliability Solutions for New England Energy Markets August 2015
Skipping Stone ”Solving New England’s Gas Deliverability Problem using LNG Storage and Market
Incentives” September, 2015
9
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pipeline capacity that is fully utilized only between 10 and 60 days per year. We then compare
this cost with the equivalent cost of using fuel oil rather than natural gas. This analysis also
assumes that because the pipelines in the subject geographic area are fully subscribed from
their production locations to their market locations, then electric generation customers, to get
such capacity for natural gas during coincident peak demand days, would require incremental
firm pipeline capacity that cannot be interrupted during such periods of peak demand.
The all-in cost is the effective cost to a power generator reserving capacity year-round 13 that is
only needed from 10 to 60 days per year 14. To illustrate, Skipping Stone provides the analysis
shown in Table 2. This analysis is based on two assumptions that can be adjusted: The 100%
Load Factor Pipeline Cost (assumed to be $.50/Dth/Day); and the Winter Gas Cost (using the
estimated 2019/2020 winter gas cost published by NYMEX in Feb-2016).
Table 2. Analysis of All-in Cost of Capacity
(a)

(b)

(c )

Annual
Cost/Dth
100% Load
Factor
Days Per /Day of
Capacity
Pipeline Cost
Yr
$0.43
365 $156.95
365 $156.95
$0.43
$0.43
365 $156.95
$0.43
365 $156.95
$0.43
365 $156.95

(d)
(e )
(f)
(g)
(h)
(i)
Equivalent
Days of
All-in
Cost of
100% load
Delivered
Pipeline
Factor Use Capacity per Winter Cost per
Equivalent
/Yr
Dth used Gas Cost Dth used Dth/Gal
$/Gal
10
$15.70
$2.90
$18.60
0.139
$2.58
20
$7.85
$2.90
$10.75
0.139
$1.49
30
$5.23
$2.90
$8.13
0.139
$1.13
45
$3.49
$2.90
$6.39
0.139
$0.89
60
$2.62
$2.90
$5.52
0.139
$0.77

Calculation of All-in Comparative Costs for Fuel Oil
How does the total cost of using natural gas to meet peak load, available only through yearround firm capacity, compare with the cost of using No.2 fuel oil?
First, we evaluate the cost of contracting for firm pipeline capacity for a given number of peak
days. Column (c) shows the annualized cost per Dth per day of capacity 15. Column (d) varies

13

This same all-in cost calculation would also apply to an LDC displacing some amount of LNG
vaporization capacity with year-round pipeline capacity. This occurs when the LNG vaporization and LNG
storage capacity is utilized to an extent such that it makes economic sense to add an increment of
pipeline capacity and then “grow into” that pipeline capacity again relying on LNG for needle peaks until
overall load growth and winter period demand once again makes anther incremental pipeline capacity
addition economical..
14
The reason that such capacity may only be needed by a power generator from 10 to 60 days per year
is that there is sufficient otherwise un-used existing capacity all but those days when the coincident
demand from electric generation and heating load exceeds existing pipeline capacity. See also
Concentric report Page 18 where it discusses price spikes when demand is greater than 8 Bcf/d into the
subject market which according to Figure 11 on page 17 occurred some 15 times during the Polar Vortex
winter of 2013/2014.
15
The annual cost per Dth per day presents what the cost for one Dth on one day would be if one Dth per
day of capacity was reserved for a year and only used on one day to receive the one Dth.
10
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the number of equivalent days of 100% load factor, or days of peak usage. Ten days of full use
is equivalent to 5 days of full use and 10 days of 50% use. The all-in cost of capacity per Dth
(assuming a cost of $0.43 per Dth per day of reservation and 10 days of use during times of
peak load) has an effective capacity cost of $15.70 per Dth used. At 30 days of peak load, the
all-in capacity cost drops to $5.23. To calculate the all-in cost of use, we add the cost of gas
during the winter period, $2.90 per Dth, for a total delivered fuel cost of $18.60 per Dth used.
Column (i) shows the price per gallon for fuel that results in an equivalent cost per Dth for the
natural gas alternative. For peak demand of 10 days, the natural gas alternative would be the
lower cost alternative if the cost of No.2 fuel oil is $2.58 per gallon or higher, equivalent to
$108.56 per barrel of oil. For peak demand of 30 days, the natural gas alternative would be the
lower cost alternative if the cost of No.2 fuel oil is $1.13, equivalent to $47.47 per barrel of oil.
It should be noted that this 10 to 60 days of peak demand analysis is for illustrative purposes to
show that even a pipeline that has a daily transportation rate of as little as 43 cents can result in
very high effective costs in use unless it is utilized much more than 60 days – i.e., the existing
gas system is constrained on that many or more days.
Based on this basic analysis of alternative costs, one can readily see that it is highly unlikely
that a generator will choose to bear the fixed cost burden of the pipeline capacity and would be
economically better off choosing oil as fuel during the few days of coincident demand each year.

Calculation of All-in Comparative Costs for LNG
In addition to the oil alternative, securing additional LNG deliveries at locations downstream
(i.e., north and east) of the NJ/PA demand centers, as well as from existing LNG facilities within
the NJ/PA geographic area cited by the Concentric report, are likely to be even less expensive
as a supply alternative. Of note here, any additional LNG that is vaporized at Northeast LNG
facilities, such as Eastern MA or New Brunswick, Canada, can make supplies traveling to the
Northeast on various pipelines available instead for delivery into the NJ/PA region. This is
because the LNG resources would physically serve the New England market thereby enabling
supplies otherwise bound for New England to remain in the NJ/PA market and serve demand
there. As a result, additional capacity would become available on one or more of the major
pipelines connecting the NJ/PA demand centers to New England, such as Texas Eastern,
Transco, Tennessee or Columbia to Algonquin (or Maritimes and Northeast).
Because of the current substantial excess of worldwide LNG, future LNG supplies are currently
priced at $6.00 to $8.00 per Dth vaporized into New England markets. At these prices, LNG
supplies are likely to clear the market lower than the above modeled oil prices in Table 2.
Customers can arrange LNG supplies in advance of the winter period and ensure that the
inventory is either in the LNG tanks or on the floating storage and regasification ships during the
winter period. LNG inventory is arranged in advance in much the same way as pipeline
capacity is reserved in advance, except subscription terms are typically year to year and for use
of existing facilities do not require multi-year commitments.

11
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Section III – Potential for Increased Costs to Captive Customers on
Competing Pipelines
The FERC Commissioners are concerned with protecting consumers from excessive rates. We
analyzed the potential impact of additional capacity on captive customers of competing pipelines
with particular regard for the likely impact on rate-payers. Shippers who own capacity on
competing pipelines are likely to suffer two negative impacts, or offsetting costs, as a direct
result of the addition of the substantial 1 Billion cubic feet per day incremental capacity
proposed by PennEast.
Shippers will encounter two sources of increased costs:
1) As the total supply of capacity increases, the value of secondary market capacity is likely
to decline, particularly if demand is largely unchanged over the vast majority of the year
(i.e., all but the highest 10 – 60 demand days per year). 16 Thus, shippers who own
existing pipeline capacity and seek to resell unused capacity into the secondary capacity
market will suffer a loss of value.
2) Non-renewal or turnback of subscriptions on existing lines could lead to cost-shifting to
captive customers of such lines at the next rate case. The risk of non-renewal is
significant, as several PennEast Shippers stated in the PennEast application that they
plan not to renew portions(s) of their existing legacy capacity portfolios. In addition, other
shippers may find that they are able to rely on excess capacity as a consequence of the
addition to the market of the PennEast capacity and also choose to not renew. The
revenue lost from such turnbacks will ultimately be re-distributed to the pipelines’
remaining shippers.

What is the Impact of PennEast on Secondary Market Capacity Values?
Since there is no evidence of significant increased demand for the 40% of capacity purchased
for in-state New Jersey use, the increased supply from PennEast will add to the total supply of
pipeline capacity in the region and lead to significant underutilized capacity.
The secondary market enables shippers to find buyers for their unneeded capacity by means of
either capacity release transactions and/or Asset Management Agreements 17 (AMAs). As a
result of excess capacity, secondary market values related to capacity release and AMAs could
drop dramatically.

16

The reductions in secondary market values impact any firm capacity holder with a less than 100% load
factor use of their capacity which sells their unused capacity to others during period of low use. These
secondary market purchasers pay the capacity holder for their firm rights. To the extent a particular
geographic area is flooded with new capacity, the secondary market values drop to near zero because
the supply greatly exceeds the demand. Specifically, it is generally LDCs that sell unused capacity and
use large percentages (usually 80% or more) of these secondary market revenues to reduce rates paid
by their firm sales customers (ex. residential and commercial customers).
17
Asset Management Agreements are agreements where a purchaser agrees to provide capacity
management services (and often gas supply) and pay the holder of firm capacity often large sums of
money to gain control of their capacity in return for agreeing to use a limited amount of that capacity to
meet the needs of the selling party while using the balance to make other sales to other parties. These
AMAs are effectuated through capacity release transactions in the secondary market.
12
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In particular, for the purposes of this memorandum, Skipping Stone studied capacity release
transactions 18 on two pipelines in the subject geographic area: Texas Eastern Transmission
(TETCO) and Transcontinental Gas Pipe Line (Transco). The period studied was 2015. The
transactions analyzed were those where the capacity terminated in the same eastern PA and
NJ geographic area as that discussed in the Concentric study for PennEast.
Skipping Stone found for these two pipelines that the value of traded capacity was in excess of
$250 Million in 2015. The aggregated dollars, quantities and average rates for the two lines’
2015 transactions are set forth in the two tables that follow.

Table 3. Texas Eastern (TETCO) Traded Capacity 19
TETCO 2015 Capacity Release Quantities, Rates and Value
Dollars
Annualized Daily Avg Rate
Realized
Equivalent
per
2015
Traded (Dth) Dth/Day
Eastern PA and NJ locations
From M2 and into M3
1,398,127 $0.3415 $174,292,476

18

The transaction types studied were releases from capacity holders to acquiring shippers that were done
outside of those done to enable retail choice. Under retail choice many LDCs release capacity at pipeline
maximum rates (regardless of capacity values) to marketers that have contracted to serve firm customers
on the LDCs’ systems. These transactions do not reflect competitive pipeline capacity market conditions
and therefore were eliminated so as not to overstate the value of released capacity in the subject
markets. In addition, in those cases where no price was provided under an AMA transaction, the average
price for the similar capacity was used.
19
TETCO presents the values of their trades on a segment and point basis so Skipping Stone provided
just the segment values (i.e., the values of capacity to get gas into M3 which is the eastern PA and NJ
zone from the adjacent M2 area which is the western PA and OH zone) as those would be the values
most impacted by an incremental 1 Billion Cubic feet (1,000,000 Dth/d) of capacity into their M3 zone
serving eastern PA and NJ. Transco on the other hand reports the values for their trades on a point-topoint basis so the value of getting to a market area point from supply areas is that which would be
impacted.
13
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Table 4. Transcontinental Gas Pipe Line (Transco) Traded Capacity

Transco 2015 Capacity Release Quantities, Rates and Value
Dollars
Annualized Daily
Avg Rate
Realized
Equivalent Traded
per
County of
2015
(Dth)
Dth/Day
Delivery
ST
NJ
Camden
2,000
$0.3050
$222,650
NJ
Essex
215,924
$0.1761 $13,879,181
NJ
Gloucester
104,589
$0.1430 $5,459,521
NJ
Mercer
208,184
$0.3453 $26,238,007
NJ
Middlesex
264,000
$0.2130 $20,524,680
NJ
Union
1,274
$0.0200
$9,300
PA Monroe
152,459
$0.2553 $14,204,015
PA Montgomery
167,962
$0.1135 $6,958,227
PA Philadelphia
42,691
$0.1683 $2,622,767
Totals and Average

1,159,083

$0.2130 $90,118,348

Within the subject market area, the Annualized Daily Equivalent Traded 20 quantity on the two
pipelines was approximately 2.55 Billion cubic feet per day. The impact of adding another 1
Billion cubic feet to the same market, an amount roughly equivalent to a 40% increase in
regional capacity, would likely crush these values; potentially by as much as 50-90% depending
on time of year and other factors. Thus, the PennEast pipeline is likely to put at risk the value of
existing capacity, which recently traded for $260 Million per year in secondary market
transactions. The greatest volume of existing capacity is held by local gas distribution
companies, and ratepayers receive 80% of the value of such resale transactions. These
ratepayers are captive customers of the LDCs served by existing pipelines and would suffer a
significant financial loss if excess capacity were to be approved by FERC Commissioners.
Notably, this loss of benefit to ratepayers in the subject market would be experienced every year
and we estimate could be between $130 Million and $230 Million, or averaging $180 Million
each year until such time as the regional demand increase sufficiently to make use of the
incremental capacity.

What is the Impact of Non-Renewals of Subscribed Capacity on other Pipelines?
With the addition of the incremental capacity associated with PennEast into the subject market,
shippers with contracts expiring in the near to medium term (3 to 10 years from now) would be
able to either forgo renewal and rely on the existence of the capacity or be able to negotiate
substantial discounts.

20

Annualized equivalent means if there were two trades, one of 1,000 Dth/d for a year and another for
365,000 Dth/d for a day, the Annualized Daily Equivalent of each would be 1,000 Dth/d and the total of
the two would be 2,000 Dth/d.
14
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We evaluate the potential impact of non-renewals on customers of Texas Eastern (TETCO) and
Transco pipelines. The rates on TETCO and Transco for capacity to Eastern PA and NJ run on
average between $0.52 and $0.67 per Dth/day. To illustrate, we calculated the impact if half of
PennEast capacity, or 500,000 Dth/d, were to go unsubscribed on existing pipelines. At the
average of the two rates above (~$0.595), the result would be a loss of over $108 Million per
year between the two pipelines.
FERC rules permit affected pipelines to file for rate increases on remaining customers to seek to
recover lost revenues. This could mean that the same ratepayers facing a potential loss of
secondary market benefits could see a substantial portion of the costs of a rate increase as well.
Moreover, like the cost of lost secondary market benefit, the cost of increased rates would be a
cost they would bear every year.
Even if Pennsylvania and New Jersey ratepayers were forced to absorb only half of the
potential lost revenues of $108 Million, this conservative estimate shows that ratepayers could
be asked to pay an additional $50 Million a year.

15
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Section IV – Factors that Diminish Possible Future Savings
Suggested by Concentric
Are Potential Savings Due to a Repeat of Polar Vortex Circumstances Likely?
Concentric cites the 2013/2014 market disruptions coincident with the Polar Vortex as a
measure of savings that could have been realized had PennEast been in service at that time.
Concentric appears to be justifying the build of a pipeline purely on the basis of a past price
experience, one that notably did not occur in either the 2014/2015 21 nor in prior winters. So, the
likelihood of reoccurrence is lower than assumed by Concentric. Concentric should, in any
case, reduce their estimate of “potential savings” based on the likelihood of a reoccurrence of
the conditions that would create such savings.
Furthermore, any calculation of potential savings should also include potential additional costs
that would be borne by ratepayers holding capacity on competing pipelines. The costs, as
calculated above, could range from $180 to $280 Million a year (averaging possibly $230 Million
a year).
In addition, potential savings are reduced or even wholly eliminated as additional pipeline
capacity comes online. Several other projects are slated to come on line before or around the
same time as PennEast might come on line. If this occurs, the price depression facing
producers with trapped gas supplies will largely be or have been abated. As recently reported
by Barclays Bank 22, “Almost 8.1 Bcf/d of infrastructure in the Northeast region has been fully
subscribed and is scheduled to ramp up in 2017.” Barclays goes on to state “[m]ost of the 2017
pipeline projects are in the southwestern portion of the Marcellus and Utica shales 23, which
potentially could strengthen price points,” meaning that once the trapped production has outlet
to market, the currently favorable pricing will dissipate, if not fully evaporate.
Pipelines should be planned to address longer-term conditions and trends, rather than as a
response to a single event, since planning and construction of pipeline capacity takes several
years. In order to have been in service by the winter of 2013 PennEast would have had to have
started its development process somewhere around the 2008/2009 period. The gas price
situation at that time was wholly different from the price situation today, and five years from now
the price situation will be wholly different from today’s, with or without PennEast.

21

Notably the winter of 2014/2015 was colder and had colder days than the Polar Vortex winter of
2013/2014.
22
See Natural Gas Intelligence March 03, 2016 “Barclays Reduces 2016 NatGas Price Outlook and Sees
Breakout in 2017”
23
These projects largely involve east to west capacity additions and pipeline flow reversals to the south
and west. This means that these now trapped supplies will soon have choices of markets and will flow to
the most favorably priced market, whereas absent these additions, producers have few choices and
compete with one another to gain access to the limited NE market, namely the subject geographic area
identified by Concentric.
16
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Are Potential Savings Impacted by Recent Electric Market Reforms?
In the past two years, both PJM and NEISO have instituted market rules which heavily
incentivize generators to have fuel during peak critical periods 24. Skipping Stone will refer to
these market rule changes as “Supply Assurance Programs.”
Notably also, in the short-run NEISO has instituted its Winter Reliability Program where it pays
generators to have fuel oil and/or LNG in tanks ready to be used to assure such critical winter
period fuel supplies are available for generation. In New England this has had the effect in both
of the past two winters (2014/15 and 2015/16) of greatly dampening price spikes. In turn, price
spikes in the subject geographic area have also been dampened, as the pipelines running
through eastern PA and NJ also either continue north and east or supply pipelines running into
New England.
Under the Supply Assurance Programs, both PJM and NEISO have auctions that create price
signals and payments to generators. While significant dollars are to be paid to generators under
these Supply Assurance Programs, they are amounts that are far short of amounts required to
cover year-round firm transportation on interstate pipelines. As a result, anecdotally and to
Skipping Stone’s knowledge, gas-fired generators have either opted to install dual fuel
capability, arrange for peaking LNG supplies, or make firm supply call arrangements with large
wholesale players to backstop their commitments.
The likely ongoing impact of these developments is that the scrambling for supply that led to the
enormous price spikes experienced during the period covered by the Concentric report are
much less likely to occur in the future. Thus, it is increasingly likely that price spike avoidance, a
claimed attribute of a proposed PennEast Pipeline, has in large part already, and enduringly,
been addressed. To the extent, then, that the potential for future price spikes have been largely
avoided by such market rule changes, the supposed benefits from such avoidance have already
been realized – without the proposed presence of PennEast to do so.

24

In PJM this market rule change is known as “Capacity Performance” and in NEISO the market rule
change is referred to as “Pay for Performance”.
17
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Section V – Weak Public Benefit but Strong Financial Incentives
Given the lack of evidence from the LDC Sponsor/Shippers of their systems’ load growth, as
well as certain LDC Sponsor/Shippers’ statements made regarding replacing some of their
currently contracted interstate capacity with proposed new-build PennEast capacity, questions
arise as to what could be the driver behind such a project.
Generally pipelines are proposed and built to meet known demand, such as when LDCs sign-up
for expansion to serve new territories or replace over-reliance on winter-peaking resources.
Pipelines can also be proposed to meet the needs of Producers who seek to move gas from
capacity constrained supply areas to liquid market locations. From our review of the documents,
the PennEast Pipeline is proposed to serve neither demand from LDCs nor supply from
Producers.
What then is a possible motivating genesis for PennEast?

Is Return on Capital a Motivating Factor?
A potential motivator might be a rather simple one: namely, a vehicle for the LDC
Sponsor/Shippers to replace dollars collected from ratepayers and sent to third-party unaffiliated
interstate pipelines, with dollars collected from ratepayers and paid to themselves – or rather
paid to the affiliated, non-regulated, companies owned by the same corporate shareholders as
the regulated LDC signing the contracts.
Under an LLC structure such as that of PennEast, the owners (called unit-holders) are generally
entitled to distributions of cash net of direct expenses and retained working capital. Direct
expenses of new pipelines are both Fixed and Variable. Fixed Expenses can be simplified into
the categories of a) interest payments, b) overhead, c) maintenance expenses and d) Nonincome taxes (ex. property taxes and franchise taxes). Variable expenses, such as the costs of
running compressors and those related to transporting gas, are collected from customers as
they transport gas and do not meaningfully figure into the profits of pipeline owners. Thus, for
the purposes of this analysis they will be disregarded.
In addition, Pipeline LLCs typically have a 50% Equity and 50% Debt capital structure. Below is
a simplified but typical structure for the annual revenue of a pipeline and how it is generally put
together.
Assuming an initial capital cost of $1.2 Billion, at the LLC level, investors would put in $600
Million and banks would finance the other $600 Million. For these purposes, Skipping Stone will
assume an annual interest rate of 5%. Generally, pipelines then seek to get rates that will
generate revenue based upon an annual percentage of total capital that is between 8% and
10% more than their interest rate (i.e., 13% to 15%) and apply that percentage (i.e., revenue
level) to total initial capital cost (i.e., the $1.2 Billion). Assuming the lower level, 13% applied to
the $1.2 Billion would mean that the pipeline would seek rates that recovered $156 MM per
year. Once pipelines have determined their desired revenue level they then design their rates.
In our simplified example, applying that revenue level to a pipeline with 1 Bcf per day (1,000,000
Dth/d) of capacity yields daily rates per the below.
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Table 5. Simple Economic Structure of Pipeline Revenue Derivation

Dollars ($M)
Assumed Interest Rate
Typical delta to Int Rt%
Upfront Costs
Total Capital Cost

$1,200

Annual
Typical Revenue
($M)
Pctg.
5.0%
8.0%
13.0%

$156

Capacity
(Dth/d)

1,000,000

100% LF
Rate
($/Dth/d)

$0.4274

Then, there are costs that are deducted from the pipeline’s revenues which in the case of LLC
structured pipelines result in distributable cash – otherwise considered return to the investors. A
typical illustrative revenue, cost and distributable cash 25 structure of a new-build LLC Pipeline is
set forth below.
Table 6. Typical LLC Pipeline Revenue, Cost, and Distributable Cash Structure
Applicable
Dollars for
Pctg ($M)

Typical
Pctg.

Annual Revenue
Annual Costs
Total Capital Cost
Financed
Interest Cost
Typical Annual Costs as
Pctg of Total Capital
Cost
Operations &
Maintenance
Non-income taxes
Overhead
Total Annual Cost

Distributable Cash

Cost
Capacity Component
Annual
in Rate
(Dth/d)
($M)
$156 1,000,000
$0.4274

$600

50.0%
5.0%

$30

1,000,000

$0.0822

$1,200
$1,200
$1,200
$1,200

1.0%
2.5%
2.0%
8.0%

$12
$30
$24
$96

1,000,000
1,000,000
1,000,000
1,000,000

$0.0329
$0.0822
$0.0658
$0.2630

$1,200

Annual
Cash ($M)
5.0%
$60

Portion of
Rate to
Investor
Cash
1,000,000
$0.1644

In addition, it is often the case that entities that form LLC Pipelines also double leverage their
invested capital. This generally means that while the LLC gets 50% of its total capital cost as
equity (in the case above $600 Million), the LLC Members then finance often as much as 50%
of that equity contribution at their respective corporate levels. If this were to be the case with all
of the LLC members of the LLC Pipeline, then their total equity cash investment would be just

25

Note that Distributable Cash is on-going once the pipeline has established what it considers sufficient
Working Capital Reserves, usually on the order of 2-4% of Total Capital Cost.
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$300 Million and assuming they financed their other $300 Million at the same 5% (for an annual
cost of $15 Million) then the return on equity to those partners would be $45 Million ($60 Million
of cash minus $15 Million of interest) on a $300 Million cash investment. This would mean that
those entities would possibly be seeing a 15% return on their cash investments.
The potential 15% return on capital is a very healthy one indeed in this overall economic
environment. It is quite possible that this level of financial gain is a very strong motivator behind
the proposed PennEast Pipeline.

Do Non-Arm’s-Length Commitments Demonstrate Market Need?
Since the restructuring of the US Natural Gas Pipeline Industry in the mid 1990’s, the Federal
Energy Regulatory Commission (FERC) has had a policy of relying on contracts to pay for new
pipelines and expansions of existing pipelines as evidence of market need sufficient to find such
construction was in the “public convenience and necessity.” A finding that a project is in the
public convenience and necessity is what is required for the FERC to both grant eminent
domain and to justify any construction of interstate facilities. That said, for most of the past 20
years since it established its policy of reliance on contracts as evidence of market need, those
contracts were almost always between un-related parties – they were arm’s-length contracts.
That previously prevailing fact is not the case with respect to 74.2% of the capacity and
ownership of PennEast. In fact most of the Shippers, that is, the contracting parties on whom
FERC typically relies as evidence of market need, are owners with a distinct financial interest in
the existence of the pipeline and the returns it will provide. Moreover, assuming the LDC
shippers are able to have their PennEast Contracts paid for by those LDCs’ ratepayers, one has
to question whether the FERC can continue its policy of relying on contracts as evidence of
market need, the foundational aspect to a finding of public convenience and necessity.

This cannot be overstated or overemphasized.
If non-arm’s-length contracts, possibly motivated by financial gain to affiliates of the shippers,
are properly scrutinized then there may be no market need for a large proportion of the
PennEast capacity upon which a finding of public convenience and necessity can rely. Instead,
it may be that rather than a market need, there is purely a shareholder return “need” which
should not be sufficient to grant a certificate of public convenience and necessity.
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Section VI – Conclusion
As discussed in this memorandum, given all of the following:
1) The potentially evident low percentage utilization;
2) The likely existence of lower cost potentially less disruptive alternatives 26;
3) The likely negative impacts on ratepayers who presently benefit from secondary market
transactions to reduce their energy costs;
4) The possible negative impact on LDC ratepayers due to turnback of capacity and/or nonrenewal of capacity due to a potential glut of capacity;
5) The likely elimination of favorable pricing for gas in the supply area of the proposed line
owing to other known developments;
6) The inappropriateness of relying on past events rather than modeling and forecasting
future events based upon known changes as a justification for an action as large as
adding a Billion cubic feet of incremental pipeline capacity to a limited geographical area;
7) Recent changes in Electric market rules which may have already eliminated the
conditions that gave rise to the price spikes of the past;
8) The likely inappropriateness of reliance on non-arm’s-length transactions as a
foundation for finding market need; and finally,
9) The fact that most of the sponsors of the proposed line are the regulated utility-shippers’
unregulated affiliates that are likely committing ratepayer dollars to provide equity returns
that will be realized by the unregulated affiliates;
the Commission should institute a full evidentiary proceeding with discovery and crossexamination to determine what demand is to be met by the proposed pipeline and whether less
disruptive and more cost-effective alternatives exist to meet the demand determined from such
evidentiary proceeding.

26

Especially alternatives relying on greater utilization of existing LNG facilities to meet short duration
peak demands
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Review of PennEast Pipeline Project Economic Impact Analysis
Jannette M. Barth, Ph.D.
Pepacton Institute LLC
Delaware Riverkeeper Network retained Pepacton Institute LLC (PI) to review the
analysis presented in the report titled, “PennEast Pipeline Project Economic Impact
Analysis,” prepared by Econsult Solutions and Drexel University (ES&D), dated
February 9, 2015. The ES&D report states on the title page, “Report Submitted To:
PennEast Pipeline Company LLC,” so presumably, ES&D were retained by PennEast
to conduct the analysis and prepare the report.
Based on a review of the ES&D analytical methodology, assumptions, economic
impact estimates, and comparison to additional relevant data and research, we
conclude that that the ES&D analysis and conclusions are incomplete, inaccurate,
and unreliable.
The ES&D report states, “The purpose of the report is to quantify the economic
benefits resulting from the Project.” The report is organized into four sections:
Description of the PennEast project, one-time economic and fiscal impact from
construction, annual impact of the project, and summary of overall economic impact
for the six-county region and the two impacted states.
While the title of the ES&D report implies that it is analyzing economic impacts, it
clearly states that its purpose is to quantify only economic benefits. A
comprehensive economic impact analysis would attempt to quantify both benefits
and costs.
As is typical of most economic impact assessments conducted or funded by the oil
and gas industry, the ES&D report exaggerates the economic benefits and ignores
the costs.
This review shows how the benefits are exaggerated and then discusses the many
significant costs that have been ignored by ES&D.
ES&D reached the following two conclusions, each of which will be reviewed below
in discussions of methodology, assumptions and results.
∞

∞

In Pennsylvania and New Jersey combined, the design and
construction is estimated to generate an approximate $1.62 billion in
one-time total economic impact, supporting about 12,160 jobs with
$740 million in wages.
In Pennsylvania and New Jersey combined, the ongoing operations of
the project is estimated to generate annually an approximate $23
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million in total economic impact, supporting 98 jobs with $8.3 million
in wages.
ES&D further claims, “The primary ongoing impact of PennEast Pipeline will be to
expand and stabilize the supply of natural gas in both states, thus leading to a
reduced price of natural gas to final customers.” This claim will be discussed as
well.
Employment and Income Impacts: Methodology
ES&D uses IMPLAN, an input-output model that is commonly used to show positive
economic impacts caused by a proposed new development entering a region. Any
new economic activity in a region will bring in additional expenditure, which,
through multiplier impacts, usually results in some economic benefit in the form of
jobs and income.
PI has reviewed many economic impact studies conducted or funded by the oil & gas
industry [1]. Input-output modeling is used frequently by the oil & gas industry to
show that oil & gas production, transmission and delivery will benefit the economy.
The studies funded by the oil & gas industry tend to greatly exaggerate economic
benefits and minimize or more commonly, entirely ignore significant economic
costs. The results of these studies are used to try to convince the public and elected
officials that shale gas development and its infrastructure will bring great economic
benefits to communities.
ES&D included a short paragraph in an appendix that states a few of the
shortcomings of input-output models, but instead of attempting to adjust their
results to correct potential inaccuracies due to shortcomings, they simply state,
“regardless, I-O models still serve as the standard in the estimation of local and
regional impacts.”
Economists and other researchers who are attempting to reach accurate, unbiased
conclusions would make adjustments in order to at least partially correct for known
shortcomings in models being used. No such adjustments were discussed in the
ES&D report.
In addition to the shortcomings pointed out by ES&D, limitations of input-output
models have been pointed out elsewhere. The following is a discussion of inputoutput models as applied to the shale gas industry generally, and is thus of
relevance to the PennEast Pipeline Project [2].
An additional weakness is the fact that environmental impacts are
ignored. Wassily Leontief, who received the Nobel Prize in Economic
Science for his model of input-output economics, had himself stressed
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as early as the 1970s that environmental repercussions and
externalities should be incorporated into input-output analysis [3-5].
Leontief recommended that a pollution abatement industry be
entered into the input-output matrix, and that the abatement industry
be in the business of eliminating pollutants generated by the
productive sectors, consumers, and the abatement industry itself. And
Wiedmann, Lenzen, Turner, and Barrett stated, “in the last few years
models have emerged that use a more sophisticated multi-region,
multi-sector input-output framework . . . in order to calculate
environmental impacts. . . . Results demonstrate that it is important to
explicitly consider the production recipe, land and energy use as well
as emissions in a multi-region, multi-sector and multi-directional
trade model with detailed sector disaggregation” [6]. The industrysponsored studies have not addressed environmental repercussions,
such as water and air contamination, or externalities such as damage
to roads and costs to communities. Unless appropriate adjustments
are made, input-output analysis tends to use unrealistic assumptions.
Bess and Ambargis [7] and Lazarus, Platas, and Morse [8] discuss
some of the limitations of input-output analysis. For example, Bess
and Ambargis state, “Regional input-output models can be useful tools
for estimating the total effects that an initial change in economic
activity will have on a local economy. However, these models are not
appropriate for all applications and care should be given to their use. .
. . Key assumptions of these models typically include fixed production
patterns and no supply constraints. Assumptions about the amount of
inputs that are supplied from the local region are also important in
these models. Ignoring these assumptions can lead to inaccurate
estimates” [7]. There are several additional problems of particular
relevance to the application of input-output analysis to the study of
shale gas development. For example, while spending patterns in
communities with an established drilling industry [or extensive
pipeline development] would probably be different than spending
patterns in communities without an established drilling industry [or
extensive pipeline development], this difference is not reflected.
Input-output analysis implicitly assumes that all populations have
identical spending patterns. This assumption exaggerates the
estimated economic impact if new workers are transient. The gas
industry frequently brings in transient workers and houses them in
man-camps or rental housing on a short-term basis. Such workers
often send their wages to their families living elsewhere, improving
the economies in those distant locations … and thereby exaggerating
the estimated economic impact. In addition, input-output analysis
assumes “constant returns to scale.” This means that the gas industry
4
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would get no volume discounts on supplies. This is an unrealistic
assumption, and it inflates estimates of industry spending and thus
estimates of economic impacts from the industry’s activity in the
community. Input-output models used in the industry-sponsored
studies tend to be static in time, implying that there are no changes in
coefficients over time and no allowance for price changes in factors of
production such as supplies and labor. The production function is also
assumed to be constant. This does not allow for input substitution or
changes in the proportions of inputs as technology and/or prices
change over time. Input-output models tend to be aspatial, implying
that transportation costs are not fully reflected.
Employment and Income Impacts: Assumptions
As ES&D correctly points out, “The workforce for the Project is likely to be
comprised of personnel from across the country due to the specialized nature of
pipeline construction.” (Page 10)
It is likely that the workforce will come from parts of the country that have more
miles of pipelines already installed. According to data from PHMSA Pipeline Safety
Program, the three states with the greatest number of natural gas transmission
pipelines as of 2010 are Texas with 54,933 miles, Louisiana with 30,093 miles, and
Oklahoma with 13,124 miles. These are likely to be the states from which many of
the temporary workers will come to build the PennEast and other pipelines in the
Northeast and other parts of the country. And these are the same states from which
many of the temporary workers came to work in the early shale gas boom in
Pennsylvania. This is the industry pattern.
When a temporary workforce comes from out of state for a short term project (such
as six months of installing a pipeline), most of the wages earned are likely to be sent
to the workers’ families in their home states, helping the economies there rather
than the economies of New Jersey or Pennsylvania.
The assumption made by ES&D is that “25 percent of the disposable income of the
construction workforce will be spent outside of Pennsylvania and New Jersey.” No
justification is provided for this assumption. Reports from Pennsylvania indicated
that at the beginning of the short-lived shale gas boom, possibly up to 97% of the
workers came from out of state, so the 25% assumption made by ES&D is probably
far too low.
It is curious that ES&D state that they used “detailed budget projections provided by
PennEast,” but they do not provide detailed expenditure inputs in the report. For
the construction phase, they show only the six broad categories of Land Acquisition,
Materials, Construction Labor, Project Management, All over head construction
5
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services, and Other (in Table 3.1 on Page 10). The modeling effort is presented as a
black box, jumping from Table 3.1 with the broad expenditure categories, to Table
3.2, with the impact estimates. A detailed input-output analysis should separate
Construction Labor and Materials, the two largest categories, into more detail. For
the Ongoing Operations Economic Impact section, the expenditure categories are
even fewer, having been separated into only the three very broad categories of
Labor, Maintenance and Operations (in Table 4.1 on Page 14). If a high proportion
of labor or particular materials must be imported to the local region, as opposed to
sourced locally, then the economic impact on the immediate region will be relatively
weak. Research presented in the Oil & Gas Journal shows the unsurprising result
that pipeline construction costs are different for different regions. Material cost
includes the cost of line pipe, pipeline coating and cathodic protection. Labor costs
include construction labor as well as surveying, engineering, supervision and
administrative labor, each with specific cost levels. And there are miscellaneous
costs such as telecommunications equipment, freight, cost of ROW and allowance for
damages. The region in which each of the costs and benefits occur should be
considered and reflected in an economic impact study [9].
Employment and Income Impacts: Results
It appears that ES&D did not make an effort to check the reasonableness of their
results. Normally, a researcher will compare their conclusions to those of other
studies to check for veracity and accuracy.
The employment estimate of 12,160 jobs for the design and construction phase of
the Project is very optimistic in light of job creation from other similar projects.
The Goodman Group, Ltd. (TGG) provided a detailed critique of the job estimates
that were presented in the PennEast study [10]. As pointed out on page 21 of the
TGG critique, based on the estimates provided, the overall multiplier for the
potential economic impact from design and construction of the project is 10.7 jobs
per $1 million project cost. TGG compared job creation from other pipeline projects
and found that “the multipliers for other similar gas pipelines are only 8 – 36% of
the PennEast Analysis multiplier” (Page 30 of the TGG report). TGG compared job
estimates for the following four Northeast US Gas Pipeline Projects: Atlantic
Sunrise, Northeast Supply Link, Northeast Energy Direct (NED), and Constitution.
Their findings are summarized in Figure 2 of the TGG report and are repeated in the
following table.

6
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Multipliers
(Jobs per $1 million project cost)
Pipeline Project
PennEast
PennEast(FERC project
cost)
Atlantic Sunrise
Northeast Supply Link
Northeast Energy Direct
Constitution

All Workers
10.2
10.7

In-State Workers
NA
NA

NA
3.9
2.0
1.5

3.8
NA
1.4
0.9

(Source: The Goodman Group report)

PI reviewed additional information in order to make independent comparisons. Our
findings, described below, provide further support for the conclusions reached by
TGG, that the job estimates reported by ES&D are highly exaggerated.
As stated above, PI has reviewed many economic impact studies of shale gas
development. The industry regularly exaggerates job creation, often on the order of
ten-fold.
An early industry-funded study that was often quoted toward the beginning of shale
gas development in Pennsylvania claimed that 88,000 jobs would be created in
Pennsylvania in 2010 due solely to shale gas development. The reality is that only
65,000 jobs were created statewide in ALL industries in Pennsylvania in 2010, and
half of those were in education and health and in leisure and hospitality. Later,
industry claimed that 48,000 jobs were created in Pennsylvania from the fourth
quarter of 2009 to the first quarter of 2011, about a year. The Keystone Research
Center debunked this claim by pointing out that the 48,000 jobs referred to “new
hires,” and does not reflect separations in the form of layoffs or quits. Using
appropriate data, the Keystone Research Center found that Marcellus core and
ancillary industries created less than 6,000 net new jobs between the fourth quarter
of 2007 and the fourth quarter of 2010 [11]. Governor Corbett of Pennsylvania,
based on shale gas industry claims, stated that 200,000 jobs had been created in his
state due to shale gas development. Not only did the Keystone Research Center (not
industry-funded) find that less than 6,000 net new jobs were created in three years
in Pennsylvania in Marcellus core and ancillary industries, but other Pennsylvaniabased economists have pointed out that the Governor’s claim is highly exaggerated
and implies a multiplier of about seven, which would be extraordinarily and
unrealistically high for any industry.
(https://stateimpact.npr.org/pennsylvania/2013/11/06/economists-questioncorbetts-marcellus-shale-jobs-claims/)
As Ohio began to be exploited for shale gas, an industry-funded study again claimed
that 200,000 jobs would be created there. An independent study (not industry7

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

funded) estimated that there would be only 20,000 jobs created, only one-tenth of
industry’s estimate.
The Multi-State Shale Research Collaborative has confirmed our early predictions
and now established findings that job creation from shale gas development is
greatly exaggerated. For example, among other conclusions, the Collaborative found
that Marcellus Shale drilling has had “little overall impact on the state economy in
any state studied”; “employment estimates have been overstated, and the industry
and its boosters have used inappropriate employment numbers, including equating
new hires with new jobs and using ancillary job figures that largely have nothing to
do with drilling”; and “industry-funded studies have substantially overstated the
total jobs impact of the shale industry” [12]. Specifically, they found an estimated
3.7 jobs created for every well drilled in the Marcellus region, as compared to
industry’s claim that 31 jobs are created per well drilled. So, as above, independent
research finds approximately one-tenth of the amount of job creation claimed by the
shale gas industry.
Such exaggeration appears to apply to studies of the economic impacts of
infrastructure as well, such as power plants and pipelines. Take, for example, the
CPV Woodbridge Energy Center (WEC) that broke ground in October of 2013. It is a
700 megawatt (MW) natural gas fueled power plant located in Woodbridge
Township, NJ, which is in Middlesex County. According to the website, “WEC will
employ as many as 500 to 600 skilled workers during construction and 25
permanent employees.” (http://www.cpvwoodbridge.com/about.php), accessed
January 18, 2016). Construction was expected to take two years. As county level
data for 2015 is not yet available, we took a look at the Quarterly Census of
Employment and Wages, on the Bureau of Labor Statistics website, and found that
during the first year of construction, from the end of 2013 to the end of 2014, only
27 jobs were added to the NAICS code 2371 Utility System Construction in
Middlesex County. Note that Utility System Construction includes more than power
plants. Even if all 27 jobs were generated by construction of WEC in the first year of
construction, it is difficult to believe that another 473 to 573 jobs would be added in
the second and final year of construction.
As another example, consider the Algonquin Incremental Market Project (AIM), a
pipeline being expanded by Spectra Energy and impacting five states, Pennslvania,
New York, Connecticut, Massachusetts and Rhode Island. According to Spectra’s
website, the AIM project includes over 20 miles of 42-inch diameter new pipeline in
New York and Connecticut, over 9 miles of 16-inch diameter pipeline in Connecticut,
another 1.3 miles of 12-inch diameter loop pipeline in Connecticut and 2 miles of
36-inch extension pipeline also in Connecticut, and 5.1 miles of new 16-inch and 24inch diameter lateral pipeline in Massachusetts. The AIM project also includes six
new compressor units at five existing compressor stations in New York , Connecticut
and Rhode Island, modification to an existing compressor station in Connecticut, a
new metering station in Connecticut and two in Massachusetts and modifications to
existing metering stations in New York, Connecticut and Massachusetts. (See
8
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http://www.spectraenergy.com/Operations/US-Natural-Gas-Operations/NewProjects-US/Algonquin-Incremental-Market-AIM-Project/). FERC’s Draft EIS
confirms that few jobs would be created by the AIM project. It is stated that after
construction, Algonquin would add only three full-time permanent workers for
operation of the proposed and modified facilities. This is far fewer than the 98
operations jobs estimated by ES&D for PennEast. Will there really be 32 times more
jobs ongoing at the PennEast Pipeline which is to be about 114 miles long and 36inch diameter, through four counties in NJ and six counties in PA, compared to the
AIM expansion which includes new 42” diameter high-pressure pipeline crossing
under Hudson River and continuing through New York State and into Connecticut,
Rhode Island, and Massachusetts, a total of 37.6 miles of new pipeline? And bear in
mind that the AIM project (and jobs estimate) also includes 6 new or expanded
compressor stations, 24 existing metering and regulating stations, and construction
of 3 new metering and regulating stations.
Another example is the well-publicized Keystone XL pipeline project, a pipeline
proposal far more extensive than PennEast.
(http://www.transcanada.com/keystone.html) The Perryman Group, a consulting
firm hired by TransCanada, concluded that 119,000 jobs would be created by the
1,179 mile 36-inch diameter Keystone XL Pipeline. Cornell University’s Global Labor
Institute found the Perryman Group study on the Keystone XL Pipeline to be flawed
and the employment numbers highly exaggerated. The Cornell report concluded
that, “Employment potential from the Keystone XL Pipeline is little to none” [13].
And as a final example, Shell Oil plans to build an ethylene cracker plant in Beaver
County, Pennsylvania. (http://stateimpact.npr.org/pennsylvania/topic/ethanecracker/) A cracker plant separates wet gas and produces ethylene that is in turn
used in plastics and other chemical industries. There was competition among West
Virginia, Ohio and Pennsylvania, each state hoping that Shell would decide to locate
there. There are concerns about the quality of air emissions near the cracker plant,
but beyond the air emissions issue, consider the estimated economic impact. Each
state offered tax incentives to entice Shell. Pennsylvania created a Keystone
Opportunity Zone whereby the plant will pay virtually no taxes to the state for 15
years. There were reports that this plant would create 10,000 construction jobs
(note that construction jobs are just during the short-term construction phase) and
then the plant would create another 10,000 permanent jobs. The question becomes,
were the incentives to have the plant located in PA worth the tax losses and were
the assertions of job creation accurate or earnest? The Shell Oil cracker plant would
be built on 300 acres. For comparison, another ethylene cracker plant owned by
Shell is located in Norco, Louisiana. The Shell website states that this plant is on
1,000 acres and has only about 600 full-time employees. In other words, the Norco
cracker plant is on more than three times the acreage, but has only 6% the number
of jobs as promised to PA for the corporate tax write off that was given to Shell. It
appears that the industry has exaggerated job creation claims in order to secure
both tax incentives and other necessary approvals to be located in PA.

9
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The ES&D report created for PennEast is another example of an industry funded
study that has obviously overstated job creation many times over. If any jobs will be
created by the PennEast Pipeline Project, they will be during construction and such
jobs are not sustainable. The oil & gas industry is known for its transient workforce,
so it is unlikely that even the few short-term construction jobs would go to local
residents. Obviously, pipeline companies are motivated to make grandiose job
creation and economic impact claims in order to encourage approval of a project. It
is incumbent on state and local decision makers to see through these false claims.
A small amount of job creation by shale gas development and its infrastructure has
never been in question. But, the number is so tiny relative to that of all other jobs in
the region that aggregate statistical analysis shows that the overall impact is
insignificant. TGG has pointed this out as well. They state, “Even if the PennEast
Analysis’ employment impact estimates were realistic, the employment impact from
design and construction of the Project are (a) tiny in the context of the New Jersey
and Pennsylvania state economies (less than 0.1% of total NJ jobs); and (b) very
short-term.” They point out that jobs from actual construction are temporary with
an average duration of only 5.2 months (Page 40 of the TGG report).
It should be pointed out that the natural gas industry, including its infrastructure
such as pipelines, is highly capital intensive, about ten times more capital intensive
than the average American industry. This means that relatively few jobs are created
per dollar invested.
Of course, if the number of jobs created is overstated, then the resulting income
estimates will also be overstated. So, based on our review of ES&D’s methodology,
assumptions, and results, we conclude that the employment and income estimates
presented in their report are highly exaggerated.
Impacts on Tax Revenue
ES&D present estimates of income tax benefits to Pennsylvania and New Jersey. If
the employment and income estimates are exaggerated, as shown above, then
income tax benefits will also be exaggerated.
There is a further concern regarding the ES&D approach to estimating income tax
impacts. In a footnote, it is stated, “the tax estimates were calculated using each
state’s published personal income tax collection effective rates, which are currently
2.043% and 3.185% in Pennsylvania and New Jersey, respectively.” However, while
out of state workers are a significant share of total workers, ES&D included no
discussion of adjusting income tax estimates to reflect Pennsylvania and New Jersey
laws for handling income tax collection from out of state workers. While
Pennsylvania residents are the only out-of-state residents exempt from New Jersey
withholdings (Department of Treasury, State of New Jersey), the Commonwealth of
Pennsylvania has reciprocal tax agreements with Indiana, Maryland, New Jersey,
10
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Ohio, Virginia and West Virginia (www.revenue.pa.gov). As a result, an accurate
economic assessment would reflect the loss of income tax benefits for Pennsylvania
and New Jersey for out-of-state resident workers hired by PennEast.
ES&D should have clarified if and how they handled the distribution of workers
from different states. Evidence-based assumptions regarding the distribution of out
of state workers from different states should have been made. Based on
observations in the oil & gas industry generally, many of the workers are from states
other than New Jersey or Pennsylvania.
A glaring omission in the ES&D report is discussion of potential property tax
payments by PennEast. There have been reports indicating concern by impacted
Pennsylvania communities that they will lose out on tax revenue while New Jersey
communities will collect additional revenue. (See for example,
https://stateimpact.npr.org/pennsylvania/2015/06/11/new-pipeline-could-meantax-bonanza-for-nj-towns-but-for-pa-not-so-much/). This obvious omission may
be intended to avoid the discussion of whether PennEast intends to request tax
abatements, a frequent strategy of pipeline companies. Or the obvious omission
may be to avoid a discussion of the potential impacts on property values that can
result from pipeline infrastructure projects. It is possible that any increased
property tax revenue from PennEast will be offset by declines in property tax
revenue due to declines in land values, a topic further discussed later in this
analysis.
Impact on the Price of Natural Gas
ES&D claims that, “the primary ongoing impact of PennEast Pipeline will be to
expand and stabilize the supply of natural gas in both states, thus leading to a
reduced price of natural gas to final customers. Lower natural gas prices will also
lead to lower electricity prices as power generation throughout the region becomes
more heavily dependent on natural gas as a fuel.”
First, according to expert analysis there is no shortage of natural gas currently in the
State of New Jersey, and construction of PennEast will in fact result in a 53% surplus
of gas in the state. According to noted expert, petroleum engineer, Arthur Berman:
Natural gas consumption for New Jersey has been relatively flat for
the past four years at average rate of 1.8 billion cubic feet of gas per
day (Bcf/d), somewhat below the higher levels of the late 1990s.
Although consumption increased slightly in 2013 compared to the
three previous years, New Jersey cannot be called a growth market…
And Pennsylvania has been a net exporter of natural gas since 2003…
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The proposed PennEast Pipeline would deliver an additional 1 Bcf/d
of natural gas to New Jersey potentially creating a 53% supply surplus
above the current level of consumption.
(Professional Opinion of Proposed PennEast Pipeline Project, Arthur E.
Berman, Petroleum Geologist, Labyrinth Consulting Services, Inc.,
February 26, 2015)
As a result, ES&D’s asserted scenario is unlikely to come to pass. If there was going
to be an evolution towards greater dependence on natural gas in the state that
evolution would already be in the works.
That being said, there are likely to be enormous negative long term economic
impacts associated with encouraging any region to become more heavily dependent
on natural gas as a fuel, impacts that were not considered by ES&D. These impacts
are discussed further below.
The industry often claims that the low price of natural gas makes the commodity
attractive to end users, both residential consumers and businesses of all sizes. But
the industry never points out that natural gas has a long history of price volatility
and that the price may very well increase substantially due to increased demand
through LNG exports, the conversion of buildings and vehicles to natural gas, and
the new manufacturing plants that are currently taking advantage of low natural gas
prices. When the price of natural gas increases dramatically after increased exports
and widespread conversion to the fuel for heating, transportation and industrial
feedstock, all of the end users will suffer financially. As a result, dependent
communities will be locked into a high priced energy source. Bear in mind that the
prices of wind, water and sunlight as inputs into an energy system based on
renewable energy will always be zero.
The uncertainty resulting from volatility in fossil fuel prices makes for very difficult
long-term planning. A report by National Economic Research Associates (NERA), an
oil & gas industry-friendly consulting firm, that tries to make the case that increased
exports of LNG from the United States will have minimal impact on natural gas price,
has been harshly criticized by other industries and environmentalists [14]. The
Department of Energy website provides officially submitted comments, some
written by industry friendly sources and some by sources independent of the
industry
(http://www.fossil.energy.gov/programs/gasregulation/authorizations/export_study/expor
t_study_initial_comments.html)
A study by Charles River Associates (CRA) reached vastly different conclusions than
NERA (http://www.crai.com/sites/default/files/publications/CRA_LNG_Study.pdf).
CRA estimated several alternative LNG export scenarios and found that their most
likely export level scenario would result in a doubling of domestic natural gas prices
12
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and their high export scenario would result in a tripling of natural gas prices [15].
It should be noted that the supply of natural gas is highly uncertain. There have
been vastly different estimates of recoverable shale gas in the US shale plays. If the
low estimates are correct, then there will be even further upward pressure on price
due to supply constraints.

Ignored Costs
The economic impact analysis conducted by ES&D ignored significant costs that may
be passed on to individuals, businesses and communities. As additional natural gas
transmission pipelines are built in an area, the risk of significant damaging incidents
and/or accidents increases. The following chart, prepared by The National
Conference of State Legislatures using PHMSA data, shows the relationship between
natural gas transmission pipeline mileage per square foot of land vs. gas
transmission significant incidents.
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The risks associated with pipelines are so high that the pipeline companies
themselves cannot afford to carry sufficient insurance to cover the risks of property
damage and loss of human life in the event of an incident.
The ES&D report lists and briefly describes the corporate partners in the PennEast
Project. ES&D points out that each partner has experience in the natural gas
industry and in particular, midstream operations. It gives statements for example,
on years of operation, numbers of customers and annual revenue. It does not point
out the high risk nature of the industry and especially pipelines and the fact that
these partners do not carry sufficient insurance in the event of a disaster and the
high costs that would be incurred by residents, businesses and communities near
the pipeline.
A look at 10-K forms submitted to the SEC by the PennEast corporate partners
reveals the high cost risk that falls on communities near pipeline projects. For
example, UGI Corporation SEC filing for fiscal year ended September 30, 2012,
states:
We are subject to operating and litigation risks that may not be
covered by our insurance.
Our business operations in the U.S. and other countries are subject to
all of the operating hazards and risks normally incidental to the
handling, storage and distribution of combustible products, such as
LPG, propane and natural gas, and the generation of electricity. These
risks could result in substantial losses due to personal injury and/or
loss of life, and severe damage to and destruction of property and
equipment arising from explosions and other catastrophic events,
including acts of terrorism. As a result, we are sometimes a defendant
in legal proceedings and litigation arising in the ordinary course of
business. There can be no assurance that our insurance will be
adequate to protect us from all material expenses related to pending
and future claims or that such levels of insurance will be available in
the future at economical prices.
Another example from the AGL Resources Inc. filing with the SEC for fiscal year
ended December 31, 2013, states:
(Form 10-K, page 7)
Transporting and storing natural gas involves numerous risks
that may result in accidents and other operating risks and costs.
Our gas distribution and storage activities involve a variety of
inherent hazards and operating risks, such as leaks, accidents,
including third party damages, and mechanical problems, which could
cause substantial financial losses. These risks could result in serious
14
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injury to employees and non-employees, loss of human life, significant
damage to property, environmental pollution and impairment of our
operations, which in turn could lead to substantial losses to us. In
accordance with customary industry practice, we maintain insurance
against some, but not all, of these risks and losses. The location of
pipelines and storage facilities near populated areas, including
residential areas, commercial business centers and industrial sites,
could increase the level of damages resulting from these risks. The
occurrence of any of these events not fully covered by insurance could
adversely affect our financial position and results of operations.
And Spectra Energy, states in its SEC filings,
There are a variety of hazards and operating risks inherent in natural
gas gathering and processing, transmission and storage activities, and
crude oil transportation and storage, such as leaks, explosions,
mechanical problems, activities of third parties, and damage to
pipelines, facilities and equipment caused by hurricanes, tornadoes,
floods, fires and other natural disasters, that could cause substantial
financial losses. For pipeline and storage assets located near
populated areas, including residential areas, commercial business
centers, industrial sites and other public gathering areas, the level of
damage resulting from these risks could be greater. We do not
maintain insurance coverage against all of these risks and losses.
In addition to the damage and costs to residents and businesses should an incident
or accident inflict life, health and/or property damage, Delaware River Basin (DRB)
communities may be additionally harmed. The proposed pipeline will pass through
the following six counties: Luzerne, Carbon, Northampton and Bucks Counties in
Pennsylvania, and Hunterdon and Mercer Counties in New Jersey. Over 85% of the
pipeline right of way will be located in the DRB, a fact not considered by ES&D. The
DRB is a highly valuable region as it is a primary source of drinking water for
millions of people and it supports a strong tourism industry that is dependent on a
safe and clean environment. A major pipeline incident or accident could inflict
additional unaccounted for harms on drinking water and water dependent
economies.
Costs to Ecosystems
Potential damage both to wetlands and to economic activity that is generated by
nature and ecosystems is substantial. The ES&D PennEast “economic impact study”
did not attempt to identify the potential economic losses due to such activity.
The value of natural capital and ecosystem services impacted by the PennEast
pipeline was not only underestimated, it was totally overlooked. Economic losses
15
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due to impacts on wetlands, forests, farms, air and open water must be considered
for an economic impact analysis to be deemed accurate or defensible, especially for
an industrial project being proposed in a natural habitat and water resource region
such as the DRB.
The University of Delaware issued a study that estimated the value of natural goods
and services from the ecosystems in the DRB at $683 billion (net present value
using a discount rate of 3% over 100 years) [16]. The net present value contribution
of the DRB ecosystems by state are estimated as follows:
New Jersey: $213.4 billion
New York: $113.6 billion
Pennsylvania: $279.6 billion
Waterway and environmental harms are routinely documented for interstate
transmission pipeline projects like PennEast. ES&D should have conducted a risk
assessment and assigned values to the potential loss of value to ecosystems that
may be caused by the PennEast Pipeline.
Impact on Property Values
There is evidence that compressor stations and pipeline projects cause declines in
property values of nearby homes. Whenever property values decline, property tax
revenues also decline. Local governments rely heavily on property tax revenue. In
addition to strains on their usual budget items, a reduction in property tax revenues
will mean less income to allocate to increased needs for emergency services that
will be called upon when explosions or major leaks occur.
Forensic Appraisal Group, Ltd., experts in condemnation appraisal, state on their
website that the property valuation impact of a natural gas transmission pipeline
depends on the size of the property, property use, etc, and the impact range could be
nominal to substantial, and could be “up to 30% or more of the whole property
value.” (See http://forensic-appraisal.com/gas_pipelines_q_a) In one of the few
peer-reviewed articles about real estate valuation issues with unconventional shale
gas development, the authors contend that the more permanent features of
unconventional shale gas development are likely to affect property values. Such
permanent features would of course include natural gas pipelines [17].
While the oil & gas industry has hired consultants to produce reports that show that
pipelines have not impacted property values, such analysis is highly suspect and the
conclusions are not at all in line with expectations.
A review of peer-reviewed literature (not industry funded), as well as facts
concerning the impact of shale gas development on property values, suggests that
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natural gas industry activities are likely to negatively impact property values,
despite industry claims to the contrary [2].
In addition, there are multiple studies that show that environmental contamination
has significant negative impacts on nearby property values. For example, Taylor,
Phaneuf, and Liu [18] used an empirical model to identify the direct impact of
environmental contamination on residential housing prices separate from land use
externalities. They found the following:
Commercial properties with no known environmental contamination
reduce neighboring residential home values by an average of 2.5
percent. Environmental contamination augments this negative
external impact, so that the overall effect is approximately 8 percent.
Thus, environmental contamination causes external effects that are
more than twice as large as the land use spillovers associated with
commercial land use – a substantial amount that is similar to what is
found in many other studies
Most of the studies that have attempted to analyze whether proximity to natural gas
pipelines has impacted property values are not peer reviewed and are funded by gas
transmission companies. Further research is required, but it is clear that with the
increased public awareness and concern about pipeline and other gas infrastructure
explosions, leaks and accidents, as well as the loss of unfettered use of one’s
property, and the land transformation associated with pipelines such as tree cutting
and other land and vegetation modification, properties near gas infrastructure will
become increasingly less desirable and more difficult to sell.
Recent news coverage, including interviews with local realtors, indicates that this is
already happening in Pennsylvania. For example, in Lebanon, PA, it was reported
that realtors said, “the impact of a pipeline on sales prospects can depend on its
proximity to the house, the pressure level of products traveling through the pipeline
and whether the property is residential or agricultural” [19].
Recent legal decisions support the notion that landowners are insisting on greater
compensation from pipeline companies due to diminution of values of real property
with pipelines. And juries are awarding increasing easement values for pipelines
[20].
We recognize that real estate appraisers use as comparables similar properties that
have sold and they adjust their valuation for certain differences. It is impossible,
however, to account for all differences due to the numerous factors that impact a
property’s selling price.
Many of the studies use the methodology of pairing past sales, but even an
alternative methodology such as analyzing the real estate market before and after
the construction of a pipeline, is subject to uncertainty, again due to the great
17
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number of factors that can influence real estate purchase decisions. Comparing
properties goes well beyond the number of bedrooms and square footage. There
are far too many uncertain variables that impact the ability to determine accurate
econometric estimate of the impact of pipelines on selling price. Examples of factors
beyond bedrooms and square footage include the state of the overall market, an
individual’s personal reaction to the view, curb appeal, neighbors, schools, layout,
condition, etc.
With greater public awareness of climate change, fracking, and all fossil fuel
infrastructure impacts, the adverse affect on property values is likely to increase.
And, as more and more pipelines are being proposed in the Northeast and Middle
Atlantic states, relatively densely populated areas, the risks will multiply and the
negative impact on property values will likely become more significant.
Real estate professionals sometimes use the term “stigma” to describe a factor that
may reduce property values. Fear of family illness due to emissions from potential
leaks or from explosions is certainly a “stigma” that will negatively impact property
values near a natural gas pipeline. And PennEast would be no exception.
Health Costs
Numerous acute and chronic health impacts experienced by individuals living and
working near compressor stations and pipelines have been documented. (See for
example, http://www.environmentalhealthproject.org/wpcontent/uploads/2012/03/Compressor-station-emissions-and-health-impacts02.24.2015.pdf)
Whenever there are negative health impacts, including illnesses and deaths caused
by pollutants, there are economic costs. Costs are incurred not only directly by the
victims and their families, but costs are incurred by society due to lost time from
work and school, declines in productivity, and the use of public resources necessary
to provide emergency services and/or health care to impacted individuals.
Economic Costs of Climate Change
The ES&D report describes natural gas as “cleaner burning,” and likely to “reduce
the risk of price volatility in energy markets”. This description is how the gas
producers describe their product, but it does not paint an accurate picture of the
impacts of increased use of natural gas.
While natural gas produces less carbon dioxide when burned, natural gas extraction
and use results in both carbon dioxide and methane emissions (among others) and
is far worse for climate change than are renewable energy sources such as wind,
water and sunlight.
18
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The gas industry always ignores the fact that natural gas is composed primarily of
methane and methane is a far more potent greenhouse gas than carbon dioxide.
Methane from natural gas leaks into the atmosphere throughout its production,
transmission and delivery. There is a rapidly increasing amount of scientific
literature available on this subject. (See for example,
http://www.psehealthyenergy.org/data/SS_Methane_Nov2015Final.pdf)
Fracked gas from the Marcellus shale play will be the gas being transmitted in the
pipeline. Fracked shale gas is especially harmful to the climate as its greenhouse gas
footprint is even larger than that from conventional gas due to additional emissions
resulting from flow-back fluids and well completions [21].
Investment in fossil fuel infrastructure, including natural gas pipelines, prolongs and
expands the use of natural gas, which due to its highly harmful impact on the climate
will exacerbate the economic costs of climate change. There are many different
estimates of the economic costs of climate change. One estimate is in the US alone,
by 2025, global warming will cost $271 billion per year. This includes severe storm
and hurricane damage, real estate loss, energy sector costs, and water costs. This
does not include the costs associated with increased morbidity and mortality. So it’s
a conservative estimate. The World Bank EACC report projected that the cost
between 2010 and 2050 of adapting to an approximately 2degree C warmer world
by 2050 is in the range of $75 billion to $100 billion per year.
(http://siteresources.worldbank.org/INTCC/Resources/EACCReport0928Final.pdf)
It is widely recognized that estimates of economic costs of climate change are
conservative because many impacts simply cannot be measured. For example, while
the cost of increased fires can be estimated by what it would cost to put them out,
one does not know the extent of damage to property and loss of human life that
would be caused by the fires.
The Union of Concerned Scientists has prepared an assessment of how climate
change would impact the state of Pennsylvania.
(http://www.ucsusa.org/sites/default/files/legacy/assets/documents/global_war
ming/Exec-Summary_Climate-Change-in-Pennsylvania.pdf)
Rutgers University has prepared an assessment of how climate change would
impact the State of New Jersey.
(http://njadapt.rutgers.edu/climate-impacts-in-new-jersey)
A comprehensive economic impact assessment for the PennEast Pipeline Project
would take into account the costs to both Pennsylvania and New Jersey due to
climate change that will be caused by the increased greenhouse gas emissions
resulting from the Project.
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Conclusion
The “economic impact analysis” conducted by ES&D for the PennEast Pipeline
Company exaggerates economic benefits and ignores significant economic costs
which, in most cases, are not mentioned at all. The economic impact analysis
conducted by ES&D is incomplete, inaccurate and unreliable.
.
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Abstract
This study aims to model the landscape of the Marcellus Shale region to predict how
it may change in the future in response to the expansion of natural gas extraction,
and, in particular, what impact this may have on the Delaware River Basin (DRB). Our
approach combined geospatial analysis and statistical modeling to create a
probability surface that predicts the most favorable locations for the placement of
future wells based on the location of existing wells. Using the probability surface and
an estimate of the number of wells that would be needed to fully exploit the shale
resource, we estimated the future landscape of development in the Interior Marcellus
Shale and DRB. Using affected subwatersheds and counties as study areas, we then
investigated potential impacts associated with land cover, water and wastewater
management, water quality due to changes in land cover, air emissions, and health
risk factors. The results are intended to help decision-makers and the public
understand the scale of the potential impacts.
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Executive Summary
Hydraulic fracturing, or “fracking,” combined with horizontal drilling, has opened up
natural gas fields that were previously thought to be inaccessible; however, this
activity has the potential to impact the regional environment. To date, there has been
no systematic analysis to evaluate multiple impacts of fracking in an integrated way.
Published research has predominantly looked at individual environmental impacts
associated with fracking in a subset of wells. Few studies have considered multiple
impacts, and no study has provided a reasonably complete, integrated regional
environmental assessment of fracking. We aim to help fill this knowledge gap and
inform the public debate concerning fracking by providing comprehensive, long-term
estimates of a set of environmental impacts of natural gas fracking in the Interior
Marcellus Shale. This play, which covers parts of Pennsylvania, New York, West
Virginia, Maryland, and Ohio, is now considered to be the second-largest gas field in
the world.
This research project models the potential natural gas development of the Marcellus
Shale to predict what environmental impacts this expansion may have on the
Delaware River Basin (DRB). The DRB—which spans Pennsylvania, Delaware, New
Jersey, and New York—contains one part of the Interior Marcellus Shale play where
fracking has been under a moratorium, by the Delaware River Basin Commission.
(The State of New York has separately banned hydraulic fracturing after
implementing a five-year moratorium). For this reason, the DRB is a good candidate
for a prospective analysis of potential impacts.
Our approach combines geospatial analysis and statistical modeling to create a
probability surface that predicts the most favorable locations for the placement of
future wells based on the locations of existing wells. Using the probability surface
and an estimate of the number of wells that would be needed to fully develop the
shale resource, we estimated the future landscape of development across the Interior
Marcellus Shale.
We then investigated the potential impacts of this development on land cover, water
and wastewater management, water quality, air emissions, and health risk factors in
three DRB sub-watersheds. Our calculations were designed to give reasonable upper
bounds on each of these potential impacts. Based on our analysis, we offer the
following key points to help stakeholders and decision-makers evaluate the potential
impacts of natural gas development:
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•

If the moratoriums on fracking were lifted, there could be as many as 4,000
wells fracked in the Interior Marcellus within the DRB in future years,
requiring between 500 – 1,000 well pads.

•

Development of natural gas infrastructure including well pads, and rights-ofway for access roads and natural gas gathering lines, results in 17-23 acres of
land cover disturbance per well pad. In watersheds we studied, this land
cover disturbance could reduce forest cover directly by 1-2 percent, and
result in a 5-10 percent reduction in core forest area.

•

Water withdrawals during periods of maximum well development could
remove up to 70 percent of water if taken from small streams during lowflow conditions, and less than 3 percent during normal flow conditions.

•

Discharge of wastewater effluent from fracking could raise in-stream
concentrations of some key contaminants (notably barium and strontium) up
to 500 percent above reference values during maximum development periods
at low-flow conditions, if all wastewater were treated to Pennsylvania effluent
standards.

•

Land cover conversions could increase erosion rates up to 150 percent
during the initial development phase and up to 15 percent in a postdevelopment state, despite affecting less than 3 percent of land cover in
affected watersheds we studied.

•

The installation of multiple compressor stations (needed to transport gas
away from wells through pipelines) in the DRB could as much as double
nitrogen oxide emissions in the impacted counties (compared to present-day,
county-wide emissions).

•

In the DRB, roughly 45,000 people would live within one mile of the
projected well pad locations, a distance that has been related to health risk
factors in scientific literature. This population would predominantly reside in
Wayne County, PA, where nearly 60 percent of the county’s population (over
30,000 people) may be affected.

Of these risks, changes to land cover and associated impacts to area forests,
hydrology, and water quality appear the most likely to occur and most difficult to
mitigate completely. The water and wastewater and air quality risks pose some
significant management challenges, but the actual level of impact is uncertain and
highly influenced by potential regulation and policy. The health risks require more
study because a significant number of people in the Upper Delaware River Basin live
in areas that are close to potential well locations.
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This report presents an estimate of full natural gas development based on technically
recoverable resources in the Interior Marcellus Shale play, and focuses on some of
the locations where concentrated development can reasonably be expected in the
DRB portion of the play (if development were allowed). As such, the well
development projections and associated impact calculations likely would be a
conservative (high-end) estimate of potential development or impacts. Actual
development will ultimately depend on laws and regulations, ability to sign leases,
ability to recover gas, and economics (price of gas, cost of production, well
productivity, etc.). While regulatory, economic, and other factors may limit the actual
level of development, policymakers should be prepared to handle the impacts from a
scenario in which the shale resources could be fully developed.
This study only investigates the Interior Marcellus shale play, and does not consider
other shale plays underlying the DRB such as the Utica Shale. This study does not
examine the full range of potential impact categories that the region may experience,
does not consider all potential impact pathways (e.g. accidental wastewater
discharges), and it does not project possible environmental and human health
outcomes based on the impacts.
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Introduction
Hydraulic fracturing, or “fracking,” combined with horizontal drilling, has allowed
access to natural gas in shale deposits previously thought to be inaccessible. This
type of unconventional natural gas development (UNGD) has significant implications
for energy supplies and fuel choice in the American economy. For the first time in 30
years, coal’s share of power generation dipped below 40 percent in 2012, while gas’s
share increased. Leading this charge is the Marcellus Shale play, which currently
accounts for almost 40 percent of U.S. natural gas production and is projected to
increase [1]. This play, which covers parts of Pennsylvania, New York, West Virginia,
Maryland, and Ohio, is now considered to be the second-largest gas field in the
world.
While these newly accessible resources are transforming the nation’s energy
economy, the fracking process carries a potential environmental burden in the nature
and scale of the extraction activities involved—particularly well development [2-7].
The amount of water required to fracture a well typically varies from one to five
million gallons (but can be more depending on well-specific conditions). Much of the
water that is tapped to inject into the wells contains a variety of chemicals and
additives to aid in fracturing the shale rock. About 80 percent of the injected water is
consumed by the process (i.e., remains underground), and the “produced water” that
returns to the surface must be handled as required by environmental law. The nature
of
well
pad
development
has
raised
concerns
over
soil
erosion,
sedimentation/siltation, and eutrophication of nearby streams, as well as ecosystem
fragmentation. Local air quality could suffer from increased ozone creation, the
release of volatile organic compounds and toxic chemicals, greenhouse gas emissions
from fugitive methane releases, and increased airborne particulates from extensive
diesel engine use. These are potential environmentally hazardous byproducts of the
fracking process itself.
While recent years have seen a significant increase in the peer-reviewed literature on
the various impacts of fracking, substantive data gaps remain [8]. To date, there has
been no systematic analysis to evaluate the multiple, integrated impacts of fracking.
Published research has looked predominantly at individual environmental impacts
associated with fracking in a subset of wells. Few studies have considered multiple
impacts, and no study has provided a reasonably complete, regionally integrated
environmental assessment of fracking, or developed the methodology to do so. Thus,
even with more information, regulators are left attempting to extrapolate study
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results to their region to assess impacts—and at a time of shrinking government
budgets and resources.
One of the primary barriers to conducting this type of research is the difficulty in
predicting where future natural gas wells will be located. For example, in a recent
report to Congress, the U.S. Government Accountability Office stated, “The risks
identified in the studies and publications we reviewed cannot, at present, be
quantified, and the magnitude of potential adverse effects or likelihood of
occurrence cannot be determined for several reasons. First, it is difficult to predict
how many and where shale oil and gas wells may be constructed” [9]. With this
report, our objective is to correct this critical deficiency in the research.
The Delaware River Basin (DRB)—which spans Pennsylvania, Delaware, New Jersey,
and New York—contains one part of the Marcellus Shale play that has not been
developed (see Figure 1 on the following page); therefore, it is a good candidate for a
prospective analysis of potential impacts. Due to state and regional regulation, gas
development is currently limited in the DRB. The State of New York recently
announced a ban on hydraulic fracturing after investigating its impacts during a fiveyear moratorium on the practice. Similarly, in the Pennsylvania portion of the basin,
no hydraulic fracturing has occurred because the Delaware River Basin Commission
(DRBC) has had a moratorium in place on the practice for some years. In this
analysis, we investigate a hypothetical case where no moratorium prevents
development.
Furthermore, this analysis focuses on the Interior Marcellus, which is most suitable
for gas development with hydraulic fracturing. The Western Margin Marcellus is
generally less than 50 feet thick, and the Foldbelt Marcellus shows the extent of the
shale formation, but is generally not thought to be deep enough or thick enough for
development.
In this report, we summarize the methodology to identify the probable placement
and extent of future wells in the DRB region of the Interior Marcellus Shale through
the statistical evaluation of existing well locations in the play. We then demonstrate
the utility of the well-development projections to evaluate a variety of potential
environmental impacts to some subwatersheds of the DRB. These impacts include
land cover disturbance, including forest fragmentation; issues related to water and
wastewater management; water quality issues resulting from changes to land cover;
air quality issues; and affected population. Each chapter of the report examines one
of these impacts in the context of existing basin conditions, as well as relevant
activities where appropriate, for framing of results.

2
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Figure 1.

The extent of the Marcellus Shale play and the Delaware River Basin. This
study focuses on the Interior Marcellus.

Source: U.S. Geological Survey (Marcellus, DRB), U.S. National Park Service (Terrain
Basemap)

Understanding this report
This report presents an estimate of full natural gas development (based on
technically recoverable resources) in the Marcellus Shale play, and focuses on some
of the locations where concentrated development can reasonably be expected in the
Delaware River Basin portion of the play. As such, the development projections and
associated impact calculations likely would be a conservative (high-end) estimate of
potential development or impacts. Actual development will ultimately depend on
laws and regulations, ability to sign leases, ability to recover gas, and economics
(price of gas, cost of production, well productivity, etc.). Like the projections for well
pad development, we calculated potential impacts using several scenarios to give
reasonable upper bounds of potential impacts. While regulatory, economic, and other
factors may limit the actual level of development, policymakers should be prepared
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to handle the impacts from a scenario in which the shale resources could be fully
developed.
We project locations to calculate impacts, but they should not be interpreted as
explicit predictions of where wells will actually go. Although high-resolution spatial
data allows fairly precise well pad siting, this analysis is most useful for identifying
which portions of the Marcellus Shale may be most suitable for development (relative
to all the others). Actual locations of wells depend on many site-specific factors, not
the least of which is a legal lease contract to perform drilling on a property.
Furthermore, the projected well pad locations should not be used to estimate
impacts at small scales, such as for individual parcels or neighborhoods.
Instead, the level of impacts estimated in this report should be viewed as a first
iteration of investigating a range of potential impacts. While the impacts selected
cover a broad range of topics, there are other potential impacts that are not covered
here (e.g. truck traffic, long-range transmission pipelines, or induced seismicity). The
selected impacts in this report are suited to analysis using the well pad projections;
are documented in peer-reviewed literature; and are likely to occur, given current
trends in the development of the gas sector. We present each potential impact in its
own chapter with its own analysis, though all depend on the projections of wells and
well pads. Furthermore, this report only examined the potential for development of
wells and well pads in the portion of the Marcellus Shale play that underlies the DRB;
there are other shale formations (e.g., the Utica Shale and Newark Basin) that lie
beneath that DRB that were not considered in our projections.
We selected study areas, scenarios, and analysis methods to investigate the range of
outcomes associated with each impact category. Table 1 outlines the assessment
unit, development scenarios, and additional analysis scenarios for each section. The
assessment unit is the geographic area under consideration. For land- and waterrelated impacts, we used the drainage areas of defined subwatersheds in the basin
with extensive projected gas development. For impacts to air quality and human
health, we used counties as study areas.
We generated projections for well development for two well pad–density scenarios: a
concentrated scenario (eight wells per pad = fewer well pads) and a dispersed
scenario (four wells per pad = more well pads). The land cover changes, water quality
issues from land cover changes, and health risk are all related to the development of
well pads (and associated infrastructure). By contrast, the water/wastewater and air
quality impacts depend primarily on the number of wells. Since the number of wells
is approximately equal for the scenarios, the well pad density is not important when
analyzing these impacts and only one scenario was selected. The water and
wastewater management chapter used the “concentrated” scenario because slightly
more wells were developed in the assessment units being considered than for the
“dispersed” scenario.
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Furthermore, each chapter’s topic required additional analysis dimensions particular
to the impact to capture the potential consequences. For example, water/wastewater
and air quality results depend on the rate of well development per year, so we
investigated scenarios for average yearly development and for maximum
development within a year. The water quality impacts associated with land cover
disturbance vary over time, such as during initial infrastructure construction or after
infrastructure is built and the gas wells are in production. Finally, we investigated the
affected population affected at six different distances from the nearest well pad,
which academic literature uses in evaluating certain health risk factors as a function
of distance from the well pad.
Table 1.

Chapter breakdowns of analysis in this report. Land cover and water
impacts were considered at the drainage basin level; air and health
impacts were considered at the county level.

Report Chapter Topic

Assessment Unit

Development
Scenarios

Additional
Analysis Dimensions

Land Cover Changes

Drainage basin

Both

• Direct Conversion
• Forest Fragmentation

Water and
Wastewater
Management

Drainage basin

Concentrated

Water Quality

Drainage basin

Air Quality

County

Dispersed

Health Risks and
Affected Population

County

Both

• Average Dev.
• Maximum-Year Dev.
• Wastewater reuse
Both

5

• Initial Infrastructure
• Post-Development
• Average Dev.
• Maximum-Year Dev.
• Six distances
from well pad
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Potential Natural Gas Development
in the Marcellus Shale
Key Findings
•

Based on Energy Information Administration resource estimates for
technically recoverable reserves, the Interior Marcellus could see an
additional 63,000 wells developed in the future. Our analysis did not
include other portions of the Marcellus, or other shale plays in the
region.

•

Most of the future development in the Interior Marcellus would be
expected in Pennsylvania (74 percent), followed by West Virginia (19
percent), New York (4 percent), Ohio (2 percent), and Maryland (1
percent), assuming no moratoriums throughout the Marcellus region.

•

Eleven counties in Pennsylvania could each see development of
over 2,000 additional new wells, including Wayne County in the DRB.

•

Were the moratoriums in the DRB lifted, there could be
approximately 4,000 wells at full development of the Interior
Marcellus. This number of wells would require 500 – 1,000 well pads
depending on the number of wells per well pad.

This chapter presents the current landscape of the Marcellus Shale play in order to
predict how the landscape may change in the future in response to the expansion of
natural gas extraction. In particular, we focus on the potential development in the
Interior Marcellus Shale Assessment Unit (see Figure 1 on page 3), since 95 percent of
the shale’s reserves are estimated to fall within this boundary [10], and 98 percent of
the new wells developed in the region since 2011 have been within this boundary. We
then focus our analysis to determine where this development would most likely
extend into the Delaware River Basin if the moratoriums on drilling were lifted.
To predict the most likely locations for the placement of future wells, we used an
approach combining geospatial analysis and maximum entropy (Maxent) modeling.
This approach is commonly used in ecological sciences to predict the most probable
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distribution of species based on the environmental conditions of their known habitat
[11-13]. This approach has also been used previously to predict the location of future
well pad sites in Pennsylvania’s Marcellus Shale play [14] to assess the impacts of
habitat disturbance. We expand the use of this model here to the entire Interior
Marcellus Shale region to project where natural gas development may occur at full
development of the shale play.

Model Variables
For this research, we used geographic information system (GIS) tools (Environmental
Systems Research Institute [ESRI] ArcGIS 10.2) to process a variety of environmental
variable layers that are known to be relevant in the siting of natural gas well pads
[15]. These layers are based on the best available data and include characteristics of
the shale, itself, and characteristics of the states’ landscapes, such as the terrain and
infrastructure:
•

Shale characteristics provide insight into the amount of natural gas that may
be present. The layers depicting the depth and thickness of the Marcellus
Shale we used for this analysis were developed by the Penn State Marcellus
Center for Outreach and Research [16]. Shale thermal maturity was based on
the work of Wrightstone [15] and was obtained from Rystad Energy [17].

•

Land cover and slope variables, which outline the terrain of the region, can
help to gauge the relative effort required when developing a well pad. We
used the National Land Cover Dataset (NLCD) [18] as the land cover variable
layer. We created the slope layer from the USGS 30-meter national elevation
dataset [19] using the “Slope” tool in ArcGIS.

•

Distance variables represent the importance of a well pad’s proximity to
critical infrastructure that supports the extraction process. We used
geospatial pipeline data from IHS Energy [20] and geospatial road data
(primary and secondary roads only) from the U.S. Census Bureau [21] to
represent infrastructure. We then used the Distance tools in ArcGIS to create
the distance variable layers.

All layers were sampled to 30 meters and formatted for the Maxent application by
using the “Extract by Mask” tool in ArcGIS to align all layers to the Interior Marcellus
boundary.
We used the coordinates for wells drilled in the Marcellus Shale between 2005 and
2013 (from Rystad Energy [17]) as inputs for the model, amounting to about 8,000
well locations. We then used the well locations to estimate the number of unique well
pad locations as inputs for the Maxent model, since multiple wells can be drilled on a

8

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

single well pad. We accomplished this by placing a 50-meter buffer around each well
and taking the center point of any overlapping buffers as the pad location, resulting
in approximately 3,600 unique pad locations.

Well-Location Modeling
We input the well pad locations and environmental layers into the Maxent modeling
application (Version 3.3.3k [22]) to evaluate the layer values at each of the locations.
Maxent uses the characteristics of the environmental layers at existing well locations
to develop a scoring model, which translates these layer characteristics into a
probability model for future locations. From the 3,600 locations that we input into
the program, about 2,900 were randomly chosen to build the model; the remaining
locations were used to validate the model. The program produced a probability
surface that depicted the most probable locations for well pads. We analyzed the
probability surface using ArcGIS to evaluate the extent of potential natural gas
development in the region.
To begin the study, we examined the full extent of the Interior Marcellus. There are
other shale plays in the region, but we did not consider them in this analysis. Figure
2 shows the probability surface generated by the Maxent program. This analysis is
based on physical parameters only and assumes no regulatory or economic
constraints. The surface has 30-meter resolution and uses a color scheme to depict
the suitability of the region for development based on the environmental variables,
with “cooler” colors denoting areas with a lower probability of development, and
“warmer” colors denoting those with a higher probability of development. Evaluation
of the surface shows two distinct areas with a concentrated high probability of
development: one in the northeast region of Pennsylvania (around Tioga, Bradford,
and Susquehanna Counties), and the other in the southwest region of the state
(around the Pittsburgh area). These two areas are consistent with a majority of the
shale gas development seen in the region.
The probability surface also shows potential in Wayne County in northeast
Pennsylvania, as well as some parts of Broome, Delaware, and Sullivan Counties in
New York along the NY–PA border. No development has occurred in these areas, as
they are under moratoriums put in place by the DRBC and New York State. Following
examination of the full probability surface, we focused on these areas of the Interior
Marcellus Shale that fall within the Delaware River Basin (Figure 2, inset).

9
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Figure 2.

Map depicting the Maxent probability surface for the Interior Marcellus
Shale. The northeastern and the southwestern parts of Pennsylvania have
the highest probability of future development. Some drilling could occur
within the Delaware River Basin if the moratoriums were lifted.

Source: U.S. National Park Service (Terrain Basemap)

Development Scenarios
To determine the number of wells that would be needed to fully develop the
Marcellus Shale, we used the U.S. Energy Information Administration’s (EIA’s)
estimate [10] of technically recoverable resources: 113.9 trillion cubic feet for the
Interior Marcellus, divided by the EIA average total production per well (Estimated
Ultimate Recovery [EUR] of 1.6 billion cubic feet [Bcf] per well). We subtracted the
number of existing Marcellus wells from this total to get the number of new wells
expected, which is over 63,000. We then developed two scenarios to model how well
pads may be developed throughout the region to accommodate these new wells. The
scenario names, referring to well pad distribution across the landscape, are as
follows:
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•

Dispersed: Development of four wells per pad (more well pads built)

•

Concentrated: Development of eight wells per pad (fewer well pads built)

Table 2 shows the number of well pads associated with each scenario. For this
research, we assumed that new well pads would be built to accommodate each new
set of wells. These scenarios and estimates are in line with trends in the industry.
Currently, Marcellus Shale well pads average a bit less than three wells, though the
trend in this region is toward more wells per pad, and there have been pads here
with up to 19 wells drilled. These scenarios likely bracket the expected range of
average wells per pad in the future.
Table 2.

Scenarios used to project well pad development in the Marcellus Shale.
Each scenario has the same number of wells, but the “concentrated”
scenario has half as many well pads and twice the spacing between the
pads.

Scenario
Dispersed
Concentrated

Total Wells
63,412
63,412

Wells Per Pad
4
8

Well Pads
15,853
7,926

Spacinga
367 acres
735 acres

Spacing was based on an estimated drainage area for each well pad and calculated
by extending half of the well laterals in one direction, and the other half 180 degrees in the
opposite direction. We assumed a 4,000-foot lateral length and 500 feet of spacing
between laterals.

a

After developing the probability surface and scenarios, we devised a methodology to
analyze the probability surface and choose the most likely locations for natural gas
well pads. First, we used GIS tools to exclude areas in the probability map that would
most likely be prohibited from development (e.g., existing well pad locations,
wetlands, flood plains, and additional areas based on setbacks from streams,
reservoirs, and buildings).
Next, we used a combination of spatial averaging and exclusion techniques in ArcGIS
to ensure that well pads were sited over “hotspots” on the Maxent surface, and that
well pads had adequate spacing (see Table 2) to prevent overlapping laterals. When
completed, this analysis produced a distribution of unique cells on the Maxent best
suited to well pads across the Marcellus Shale. For example, for the “dispersed”
scenario, we selected the top 15,853 well pad locations as measured by Maxent
values. These locations were converted to a set of points representing well pad
locations across the Marcellus Shale that could be used for further analysis. By
focusing on the locations within the DRB, we can begin to understand the scope of
shale gas development if the moratoriums were lifted.
Based on the “dispersed” scenario, Figure 3 shows a breakdown of the number of
well pads projected from future development in each county throughout the
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Marcellus Shale. The inset for this figure also shows the aggregate percent total of
well pads expected in each state overlaying the Marcellus. As expected, we see a
majority of potential future development (74 percent) occurring in Pennsylvania,
based on both the favorable conditions for development and the fact that a majority
of the Marcellus Shale is found under the state. Furthermore, all 11 of the highest
developed counties (>500 well pads) are located within Pennsylvania. The highest
number of wells we found in a county is about 2,900 in Washington County.

Figure 3.

Map depicting the number of new well pads that could be developed in
each county based on the “dispersed” scenario (15,853) if fracking were
allowed across the whole Marcellus. Inset shows the breakdown of new
well pads by state. Eleven counties in Pennsylvania are likely to
experience the most shale gas development, including Wayne County,
PA, in the DRB.

Source: U.S. National Park Service (Terrain Basemap)
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Results and Study Area Selection
Figure 4 shows an expanded view of the potential landscape of natural gas
development in the DRB, based on our development projection using the “dispersed”
scenario. The well pads are color-coded according to their potential for development,
again using the warm-to-cool scale to indicate most to least likely. Based on this
modeling, the DRB potentially could see 500 (“concentrated” scenario) to 1,000
(“dispersed” scenario) well pads (or about 4,000 wells) developed were the
moratoriums to be lifted. In either scenario, we expect that a majority of the
development within the DRB would occur in Wayne County, PA.
We chose three study areas within the DRB to localize our assessment of potential
water-related impacts to the environment. Each study area is based on the USGS
hydrologic unit code (HUC)–10 watershed boundaries and is approximately 160–210
square miles in size. (For reference, the city limits of Philadelphia cover an area of
143 square miles.) The study areas are highlighted in Figure 4 and cover areas in
both New York and Pennsylvania that would most likely be impacted by
development. We will reference these study areas throughout the following chapters
when evaluating each of the different impacts. Study Area 1 includes portions of
Broome (NY), Delaware (NY), and Wayne Counties (PA), and is just downstream of the
Cannonsville Dam. Study Area 2 includes two adjacent HUC-10s in Wayne County.
Study Area 3 is primarily in Sullivan County, NY. 1

1

The USGS 10-digit Hydrologic Unit Codes for these areas are as follows:

Study Area 1 – 0204010103;
Study Area 3 – 0204010105.

Study Area 2 – 0204010301 and 0204010302;

13

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Figure 4.

Potential locations for new well pads in the DRB, based on the “dispersed”
scenario. We chose from three study areas (blue outline) or four counties
(green fill) as assessment units for further analysis.

For each of the following chapters, we chose assessment units (i.e., drainage areas or
counties) best suited to quantify and describe the extent of impacts that may be
expected (see Table 1). For land- and water-related impacts, we used the drainage
areas of defined subwatersheds in the DRB. For impacts to air quality and human
health, we used county boundaries. Table 3 shows the extent of natural gas
development in the DRB that our methodology projects, broken down by these
different assessment units for reference throughout the report.
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Table 3.

Projected natural gas development in the DRB, broken down by
development scenario and assessment units. Of the four impacted
counties in the DRB, Wayne County, PA is projected to experience the
most development.

Assessment Unit
Study Area 1
Study Area 2
Study Area 3
Wayne Co., PAa
Broome Co., NYa
Delaware Co., NY
Sullivan Co., NY
DRB Total

Area
(sq mi)
212
162
178
751
715
1,468
997
3,150b

Dispersed Scenario
Well Pads
Wells
162
191
170
590
58
204
123
975

648
764
680
2,360
232
816
492
3,900

Concentrated Scenario
Well Pads
Wells
90
93
79
303
34
93
67
497

720
744
632
2,424
272
744
536
3,976

These numbers reflect only the portion of expected development that would fall within
the DRB; Wayne Co., PA, and Broome Co., NY, could see development outside of the DRB.

a

This area represents the portion of the DRB that lies above the Interior Marcellus. Roughly
one-third of this area has projected well pad development.

b

Discussion
Our results depict a model of potential development in the Interior Marcellus Shale—
and particularly in the DRB—assuming full exploitation of the Shale’s technically
recoverable resources (as estimated by the EIA). Our goal with this model was to
provide a projection and spatial context to this development in order to evaluate
what environmental impacts it could have on the basin (assuming drilling was
allowed to proceed). Given the importance of shale characteristics to the model, the
use of additional variables (e.g., total organic carbon, or the inclusion of potentially
more-accurate proprietary data) could lead to a different projection.
We estimate that about 4,000 wells could be drilled in the Marcellus Shale within the
DRB. This projection falls within a wide range of other published and unpublished
estimates of well development in this region. For example, the National Park Service
used the overlap of the Marcellus Shale and DRB boundaries with some spacing and
exclusion assumptions to arrive at an estimate of 16,000 to 32,000 wells that could
be drilled in the DRB [23]. Kaufman and Homsey estimated the amount of gas that
could be produced in the DRB by using estimates of reserves and excluding lands
based on proposed regulations to assess the economic value of shale gas
development in the region [24]. Their results indicate an estimate of approximately
2,500 wells drilled in the DRB (based on their production estimates for the DRB and
applying our assumption that wells have an EUR of 1.6 Bcf), a number in fair
agreement with our projections. The Nature Conservancy used a similar methodology
to ours to project the location of potential wells in Pennsylvania, which we estimate
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from their report includes approximately 350 wells drilled in Wayne County, PA [14].
While this estimate is noticeably lower than ours (we project approximately 2,600
wells in Wayne County), the authors did add a caveat that their results may have
underestimated Wayne County, based on comments from reviewers. Berman and
Pittinger recently estimated potential development in New York based on well
production data in Pennsylvania [25]. Their results indicate that although Broome
County could see the most development in New York, this development would be
focused mostly on the western to central portion of the county, with little apparent
development in the DRB portion. The study also estimates no development in
Delaware and Sullivan Counties (NY), in contrast with our results. The authors do
state that the lack of well-production data in New York (due to the moratorium) does
add uncertainty to this area. These studies demonstrate the variation in potential for
well development in the region, and the results of our study fall within the range of
well development that the previous studies have found .
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Impacts on Land Cover

Key Findings
•

We analyzed land cover changes in three study watersheds with
extensive projected gas development. Land converted for each
well pad, including the pad itself, access roads and the rights-ofway for gathering pipelines, would directly impact 17-23 acres per
well pad. Gathering pipelines account for 75 percent of this area.

•

Gas infrastructure could directly convert 2–3 percent of the land in
areas affected by fracking, with most of the impacted area made
up of agricultural land and forests.

•

Shale gas development could lead to a 1–2 percent loss of total
forest land in impacted DRB watersheds that we studied, and
between 5 and 10-percent loss of core forest.

•

The total area of land disturbed in the DRB at the completion of
gas development in the Interior Marcellus could be 18 – 26 square
miles. This is about the same area as 570 to 840 Wal-Mart
Supercenters including their parking lots.

When assessing the environmental impacts of natural gas development, one of the
most unavoidable aspects of such development is the impact to land cover. A typical
well pad may cover 3–5 acres of land to support the fracking process, which includes
the well site, itself, and room for supporting equipment, such as drilling equipment,
water impoundments, quarries, temporary construction areas, and truck parking [2,
14, 26]. The well pad site is typically cleared of any previous land cover to produce a
barren surface to support the extraction activities. In addition to the well pad,
development of land to support natural gas extraction requires access roads to the
site and gathering or feeder pipelines to transport the extracted gas from the site to
the existing transmission infrastructure [27-30]. Figure 5 shows an example of this
development in Susquehanna County, PA. Development of this supporting
infrastructure requires clearing land not only for the infrastructure, itself, but also
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for the accompanying right-of-way to accommodate construction equipment and
future maintenance. The resulting land disturbance from this development can
present both short- and long-term risks to the use of the land, depending on the
remediation and reclamation procedures used [26, 31]. Furthermore, the design and
practices used by pipelines and roads to cross streams and wetlands can adversely
impact the health of these ecosystems by altering channel geomorphology and
restricting the movement of fish and wildlife [32-33].

Figure 5.

Imagery depicting several existing well pads and associated infrastructure
rights-of-way in Susquehanna County, PA. This provides an example of the
potential footprint associated with natural gas development.

Access Road
Rights of Way

Well Pads

Pipeline Rights of Way

Source: ESRI World Imagery Layer from ArcGIS Online (ESRI, DigitalGlobe, GeoEye, i-cubed,
Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN,
IGP, swisstopo, and the GIS User Community)

One particular issue associated with the development activities from natural gas
extraction in the Marcellus Shale is the impact on forests [14, 27-28, 31]. The portion
of the DRB that lies above the Marcellus Shale includes over two million acres of
forest, and forested land is the dominant land cover in each of our three study areas
(approximately 65,000–110,000 acres each, which is more than 50 percent of each
study area). This dense forest cover provides the region with a variety of ecosystem
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services, such as carbon sequestration, clean air, aquifer recharge, and
recreation/eco-tourism. These services are in addition to the key role that forests
play in maintaining the water quality of the Delaware River, which supplies drinking
water to over 17 million people [24].
Furthermore, forest cover in the region is home to a variety of different plant and
animal species that rely on the forest for their habitat. Forest habitats are divided
into two primary classes: edge and core forest. Edge forest is generally described as
the area that is adjacent to the non-forest area, extending inward approximately 300
feet (or 100 meters) [27-28]. The edge transition from non-forest to forest area
creates a habitat that tends to favor generalist species over rare or vulnerable
species, and an increase of edge forest can promote the spread of invasive species
[31].
To assess the potential land cover impacts on the DRB from natural gas
development, we combined our above projections of natural gas development in the
watershed with a suite of GIS tools and methodology. We first used least-cost pathoptimization to model the extent of potential infrastructure (gathering pipelines and
access roads) that could be developed to support these well pads in the DRB. We did
not account for additional potential construction that could occur to support natural
gas development (e.g., new transmission pipelines or compressor stations), which
was beyond the scope of this study. We then performed a buffer analysis using the
projected well pad locations and supporting infrastructure to survey the impacts to
current land cover (and further the potential for forest fragmentation) that could be
expected from development in these areas. Finally, we compared the projected land
cover impacts to other recognizable development activities to provide context to the
scale of these impacts.

Methodology
To model the infrastructure required to support our projections of natural gas
development, we used the least cost path optimization approach, which is a common
approach for siting and analyzing roads and pipelines. To perform this modeling, we
first developed a cost surface for each study area by combining a variety of
geospatial layers relevant to routing, and assigning a cost to the values associated
with each layer. “Cost” in this sense refers to a penalty for following a less-efficient
route, and we assigned costs to the layers based primarily on the ESRI Pipeline
Optimization Route Interface [34], with additional input from industry methods and
reports [35-37]. These layers covered a variety of factors that can impact
infrastructure route design, such as topography, affected population, and
environmentally sensitive areas. For example, we assigned a higher cost for
development on terrain with steep slopes, compared to relatively flat areas. We used
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this cost surface with the “Least Cost Path” tool in ArcGIS to determine the most
efficient route from the projected well pads to the existing infrastructure.
The construction of well pads, gathering pipelines, and access roads to support
natural gas extraction requires the clearing of land to accommodate this
infrastructure. To assess both the area and type of land that may be disturbed from
these activities, we used GIS tools to map the spatial extent of the well pads and
associated infrastructure. We estimated that each well pad occupies 3.5 acres, each
pipeline requires a 30-meter right-of-way, and each road requires a 15-meter right-ofway, based on studies that examined aerial imagery depicting areas with shale gas
development [14, 29-30]. We used these values to buffer the appropriate features to
create the spatial footprint of development in each study area. We then used this
footprint to extract the impacted land values from the NLCD. Furthermore, to
determine the number of stream and wetland crossings that could occur from
pipeline and road development, we used the “Intersect” tool in ArcGIS to count the
number of intersections between the new infrastructure and the stream and wetland
networks in each of the study areas.
Given the prevalence of forest cover in the DRB and the potential for impact, we
extended our land cover analysis to focus on the extent of forest fragmentation
caused by this disturbance. To assess this impact, we calculated the baseline total
area of forest in each study area through GIS analysis of the NLCD. We updated this
dataset with rights-of-way from the existing road, pipeline, and rail networks to more
accurately depict the baseline condition. To calculate core forest, we used GIS tools
to generate a 100-meter buffer into the baseline forest from the edges. We refer to
this 100-meter buffer as “edge forest.” After we generated the baseline condition, we
assessed the potential impact from natural gas development by applying the same
spatial footprint as above. We then generated a 100-meter buffer into the forest from
all new forest edges (i.e., from well pads and along the road and pipeline rights-ofway) to represent the changes in core and edge forest.

Results
Infrastructure Modeling
Using least-cost path-optimization, we modeled the gathering pipelines and access
roads that could be expected to support the new well pads in the three study areas.
Figure 6 shows an example of these results from Study Area 2 (“dispersed” scenario),
and Table 4 lists the results of all modeling. Note that these projections are intended
to illustrate the potential scale of infrastructure with a reasonable estimation of
spatial extent and are not meant to predict exact locations.
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Figure 6.

Projected gathering pipeline and access road development in
Study Area 2 to support 191 well pads under the “dispersed”
scenario. The installation of new gathering pipelines would be the
primary driver of land disturbance from natural gas development.

Source: National Park Service (background)
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Table 4.

Projected infrastructure (gathering pipelines and access roads) needed to
support natural gas development in the three study areas. Units = miles.

Scenario

Dispersed

Concentrated

Study
Area

Well
Pads

1
2
3
1
2
3

162
191
170
90
93
79

Pipelines
Avg.
Total
Length
Length
Per Pad
184
1.13
235
1.23
250
1.47
130
1.44
163
1.75
162
2.05

Roads
Total
Length
30.8
35.6
25.0
21.3
20.5
12.1

Avg.
Length
Per Pad
0.19
0.19
0.15
0.24
0.22
0.15

Our infrastructure modeling results compare favorably to recent retrospective
studies on Marcellus Shale infrastructure development in Bradford County, PA [2930]. For pipelines, the average length to support a well pad dropped by 26 percent
from the “concentrated” to “dispersed” scenarios, which may be attributed to the
location of the existing pipelines within the study areas and the relative spread of
well pad locations. The well pad locations under the “concentrated” scenario are
already spread out across the study areas, so many of the longest pipelines were
modeled in this scenario, and the addition of more well pads under the “dispersed”
scenario served to fill in the area. The average length of road developed per well pad
was fairly consistent, at about 0.2 miles per pad among the study areas and
scenarios, likely owing to the network of road infrastructure already in place
throughout the study areas.

Land Cover Disturbance
Using our projections of potential well pads and supporting infrastructure within the
DRB, we assessed the extent and form of land disturbance that would be observed
from natural gas development. Figure 7 shows the breakdown of impacted land for
each study area from natural gas development under the two build-out scenarios.
We project that each study area could see between 2,500 and 3,300 acres of impacted
area in the “dispersed” scenario, and between 1,700 and 2,400 acres of impacted area
in the “concentrated” scenario at well build-out. On average, these impacts represent
2 to 3 percent of the land area of the study areas. Although a large majority of the
baseline land cover (more than 59 percent) in each study area is classified as forest
cover, only Study Area 1 shows forest cover as the most impacted land area (and,
even then, only slightly more impacted than agricultural land). This finding most
likely is due to the higher cost associated with developing forest land versus
agricultural land based on the method that we used to model infrastructure.
However, a significant amount (28–47 percent) of the impacted land in each study
area is forested.
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Figure 7.

Breakdown of total potential land cover disturbance from natural gas
development in each DRB study area, broken out by scenario
(“dispersed” or “concentrated”). A majority of the impacted area in each
study area is agricultural or forested.

Our modeling revealed that a majority of the land disturbance associated with
natural gas development would be attributed to gathering pipeline development (74
percent of the impacted land was due to new pipelines, versus 21 percent from well
pads and 5 percent from new roads). This makes sense, considering that each new
well pad would average 1.28 (“dispersed” scenario) to 1.75 (“concentrated” scenario)
miles of gathering pipeline development, which would directly impact about 15 to 21
acres of land, respectively, versus 3.5 acres for the well pad, itself. This result also
explains why, even though the “concentrated” scenario contains only about half as
many well pads as the “dispersed” scenario, the concentrated scenario shows closer
to two-thirds as much land cover impact as the dispersed scenario.
We also determined the number of stream and wetland crossings that could be
encountered from development of supporting infrastructure. From our GIS analysis,
we found an average of 115 stream crossings and 130 wetland crossings from new
pipelines in each study area, and an average of 12 stream and 10 wetland crossings
from new roads in each study area. We generated these results using the “dispersed”
scenario; the “concentrated” scenario resulted in about 30–40 percent fewer
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crossings, due to the reduction in total infrastructure needed to support fewer well
pads.

Forest Fragmentation
The results of our land cover analysis showed that development of natural gas well
pads and supporting infrastructure would directly impact the extensive forest cover
present in the DRB. Deforestation activities can also present a variety of indirect
impacts to a forest’s ecosystem that extend beyond the actual trees that are cleared.
To evaluate the extent of these additional impacts, we performed a second buffer
analysis to represent the baseline and impacted core forest in each DRB study area.
Figure 8 shows the results of this analysis.

Figure 8.

Percent-change in forest cover and type (core vs. edge) from
infrastructure development in the DRB study areas, broken out by scenario
(“dispersed” and “concentrated”). Results show direct conversion of
about 1-2 percent of total forest, and indirect effects (a shift from core to
edge forest) of 4–10 percent.

From Figure 8, we see that site and infrastructure development can have significant
impacts on the core forest of the DRB. In the “dispersed” scenario, we found that the
total forest area cleared for this development amounts to a loss of about 1 to 2
percent for each study area. This same development could amount to upwards of
almost 10-percent loss in core forest area. Note that this loss in core forest area
comprises both forest that is cleared for infrastructure and the resulting conversion
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from core to edge forest along these rights-of-way (the latter results appearing as the
net gain of edge forest in Figure 8).

Discussion
Our results showed that the construction of well pads and associated infrastructure
to support shale gas development would have an impact on the land cover of the
DRB, affecting primarily agricultural and forest lands. Our modeling of the natural
gas infrastructure was based on a standard GIS approach to provide a representative
picture of this development. Thus, just as was stated for our projected well pad
locations, the projected infrastructure is used for calculating impacts, but should not
be interpreted as explicit predictions of where this infrastructure will actually go. The
actual locations could depend on additional site-specific factors, such as lease holds
and applicable laws and regulations.
Our assessment of land disturbance only accounts for the well pad and rights-of-way
for gathering pipelines and access roads to support those well pads. We did not
account for additional construction that could occur to support natural gas
development, such as new transmission pipelines that may be needed to help move
gas to market, or new compressor stations to support gas transmission through the
pipeline network. This construction could be expected to add to the footprint of
development and cause additional land cover impacts to the area.
To provide context to the scale of the projected land cover disturbance from natural
gas development, we compared the impacted land area to other large construction
projects that have been completed in the region. The projected amount of land
cleared for development in Study Area 2 could be comparable to building 58 King of
Prussia Malls, which is one of the largest malls in the United States. The projected
amount of land cleared for development in Study Area 3 could be comparable in area
to building 155 Wal-Mart Supercenters with parking lots (about 20 acres each).
If we assume that land cover impact stays constant on a per well pad basis, we can
roughly project the total land cover change for the entire DRB. Based on the average
of the results for the three study areas, the total land cover impact is 17-23 acres,
depending on the development scenario. Based on these per-well pad numbers, and
the number of well pads projected in the DRB, we estimate the total area of DRB land
cover change as between 18 and 26 square miles. This makes up 0.5 to 0.8 percent of
the total Interior Marcellus area within the DRB (3150 square miles), but within the
portion with well pad development projected (950 -1000 square miles), the total land
cover conversion percentage should be roughly in line with the study area results at
about 2 percent. Or, to use a prior example, the total land cover change would be
equal in area to between 570 and 840 Wal-Mart Supercenters including parking lots.

25

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Land-cover change from shale gas development is unavoidable, and disturbance can
be significant at build-out. The loss of forest cover, in particular, can have significant
impacts on the watershed, such as degraded water quality (for more details, see the
“Impacts on Water Quality due to Changes in Land Cover” chapter of this report) and
a loss of biodiversity from disappearing flora and fauna that cannot tolerate “edge
effects.” Furthermore, remediation procedures to restore vegetation on the impacted
land often do not replace mature forest cover, in part because of the need to
maintain access to gathering lines and use roads, and because mature forests take a
long time to grow.
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Impacts on Water and Wastewater
Management

Key Findings
•

Unconventional natural gas development requires about 4.5 million
gallons per well, mostly to mix the “frac” fluid injected into the
shale during hydraulic fracturing. Most of this water does not return
from the shale after injection during the fracturing process and is a
consumptive use.

•

The impacts of water withdrawal on streamflow vary widely,
depending on location, development rate, and flow conditions.
During maximum periods of well development, the percentage
reduction in streamflow ranges from over 70 percent during lowflow conditions to less than 3 percent during median or average
flow conditions if withdrawals are taken from small streams.

•

Natural gas wastewaters (flowback and brine) are concentrated,
carrying high loads of dissolved solids, salts, some metals,
hydrocarbons, and radioactive materials.

•

If all wastewater were treated to meet Pennsylvania’s effluent
standards and discharged in the study areas, the amount effluent
produced during maximum-development periods could raise instream concentrations of some contaminants (notably barium and
strontium) up to 500 percent above background levels during lowflow conditions.

One of the principal ways that unconventional gas drilling differs from conventional
gas drilling is in its use of water for the extraction process and the amount of
wastewater produced. There are two primary water uses in the process (drilling
fluids and “frac” fluid), and three primary types of wastewater generated (waste
drilling fluid, “flowback,” and brine wastewaters) that must be treated and either
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recycled or disposed. Figure 9 illustrates the flows of water and wastewater (WW)
during the fracking and gas-extraction process.

Figure 9.

The fracking water cycle. This cycle includes water acquisition
(withdrawal), mixing into “frac” fluid, injection into the well, recovery of
wastewater (flowback and produced water) from the well, wastewater
reuse (recycling), and then wastewater treatment and disposal.

Source: Environmental Protection Agency [38]

Water plays a key role in hydraulic fracturing as the base of the frac fluids that are
injected at high volume into the shale to fracture it and release tightly held gas. A
smaller quantity of water is used for drilling the wells before fracking. The bulk of
the water use is consumptive, because most the frac fluid remains in the ground (and
wastewater is often reused or sent outside the basin for treatment).
The main wastewaters include drilling fluids recovered after drilling and frac fluid
that returns from the shale after hydraulic fracturing. The drilling wastewater is
often recycled and reused as new drilling fluids or is disposed (in injection wells,
among other disposal methods). The flowback is composed primarily of frac fluid
that returns back up the well bore due to the high pressures in the fractured shale in
the 10–14 days (up to 30+ days) after fracking and before gas production. Following
the flowback period, as the well is producing natural gas, a smaller amount of
wastewater continues flowing along with the gas. This wastewater is composed
mainly of frac fluid, but also picks up pollutants from the shale, notably salts, which
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earns it the name “brine” (also called “produced water”). After collecting flowback
and brine, the wastewater can be reused in making new frac fluid, disposed via deep
groundwater injection, or treated at special wastewater treatment plants.
Disposal of this flowback and brine wastewater is a significant concern due to the
high concentrations of dissolved solids (mostly salts), metals, hydrocarbons, and
radioactive materials [39]. Some particular contaminants of concern include ions
such as chloride, sulfate, ammonium, and iodide; metals such as barium and
strontium; solvents and aromatic hydrocarbons such as benzene and formaldehyde,
and radioactive elements such as radium. Appendix A contains an expanded list of
chemicals that have been detected in flowback and brine wastewaters, including
approximate concentrations at which they are found. Even with treatment,
concentrations of pollutants (especially dissolved solids, salts, and ammonium) in
wastewater effluent have often been measured at concentrations exceeding water
quality standards [40]. In addition to potentially harming aquatic life [41], some of
these chemicals are difficult to remove in drinking water–treatment plants [42] and
can lead to enhanced formation of disinfection byproducts [43-44] in drinking water,
which can increase risk of some health effects (including cancer) [45]. Industrial
wastewater treatment has improved since UNGD started in Pennsylvania, as have
regulations that now limit Total Dissolved Solids (TDS) effluent concentrations to
500 mg/L, equivalent to current DRBC discharge regulations [46], yet these limits are
many times higher than existing water quality in the basin’s special protection waters
(50–100 mg/L TDS) [47].
The rest of this chapter investigates the impacts of the hydraulic fracturing water
cycle for both water and wastewater. First, we computed the volumes of water and
wastewater for the study areas, and we examined the withdrawal rates in the context
of the available streamflow. The second portion of the results focuses on the
pollutant loadings in the hydraulic fracturing wastewater, which we contextualize
with the ambient loadings of these pollutants carried by the nearby streams.

Methodology
UNGD water and wastewater processes are linked, though their environmental
impacts are manifested rather differently. In this analysis, we compute a median
estimate of water use and wastewater production on a per-well basis, and then
multiply by the number of projected wells for each case study area to determine the
volumes of water withdrawals needed and wastewater generated in each. We estimate
water usage; wastewater generation and recovery; and reuse rates from publicly
available databases and peer-reviewed literature. Since the “concentrated” and
“dispersed” scenarios result in a similar number of wells developed, we consider only
the “concentrated” scenario in this chapter (as it has slightly more wells).
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To estimate the impact of the water acquisition, we compare the withdrawal to
available freshwater flow in the study areas. The water-related impacts are more
easily judged using expected flow rates than overall volume. Well development is not
likely to occur at a constant rate, and impacts are magnified during periods of rapid
development, so we considered two scenarios to explore the range of impact the well
development rate may have on water availability:
•

Average Development Year: Assumes that development occurs at a constant
rate over a 30-year build-out.

•

Maximum Development Year: Assumes that 20 percent of well development
build-out in each study area occurs in one year. 2

The average- and maximum-year scenarios show the range in flow rates for water
withdrawal and wastewater generation—and, by extension, the watershed impacts.
To estimate wastewater impacts, we investigated how discharge of treated
wastewater effluent according to Pennsylvania regulations would raise
concentrations of five key pollutants in streams. We only consider the flowback and
brine wastewaters, as the drilling fluids and cuttings are generally disposed as solid
waste. We multiplied the wastewater flow rates by concentrations of pollutants
reported in the literature to calculate pollutant loads. The total loading rate of
contaminants of concern in the various types of wastewater (flowback and brine) is
estimated after treatment of wastewater (i.e., in wastewater treatment effluent), and
for cases with and without reuse of wastewater.
Using local streamflow statistics, we developed an initial estimate of how much these
loadings would raise concentrations of five key pollutants in the runoff coming from
each study area, and compared this change to reference concentrations in the basin.
Since these estimates lack the context of actual location and method of treatment,
and cover a limited set of pollutants, we recommend future studies with more
specific scenarios. Furthermore, this study considers only the most likely pollutant
pathway (wastewater effluent) for water quality impacts [5], but other pathways such
as spills from trucks or at the drilling site may have impacts [5, 49-50], though often
at more localized scales.

The maximum-year scenario represents an estimate of maximum development that may occur
in one study area. Based on observations of Baker Hughes rig count data [48], the maximum rig
densities appear to be about one rig per 20 square miles, or 6–10 per study area. If we assume
an average completion time of 20 days for wells, then rigs may be able to drill 18 wells per
year. This would be sufficient to drill about 20 percent of the wells in a study area. For
consistency, we applied this 20-percent assumption to all of the study areas.
2
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Results
Water Use and Wastewater Generated
Water needs and wastewater generation are significant for natural gas operations,
but must be properly compared to overall water availability and put into context by
existing water uses in the DRB. Figure 10 shows the average per-well volumes of
water and wastewater expected for projected well development in the DRB.
Reuse of drilling fluid, flowback, and brine plays an important role in reducing both
freshwater demand and the volume of wastewater that must be disposed. After
accounting for reuse, the remaining freshwater withdrawal and wastewater disposal
volumes are the most important metrics for planning.

Figure 10.

Sankey diagram of water volumes for the fracking water and wastewater
management cycle estimated for this study, on a per well basis. “Frac”
fluid dominates water use, and most is not recovered. Units = million
gallons per well.

Figure by CNA via SankeyMATIC
a

Numbers show expected value. Expected range in parentheses.
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We estimated water use based on FracFocus database records [51] of frac fluid water
use per well across the Marcellus Shale. We calculated the per-well average water use
based on 2012 and 2013 data for six counties in northeast Pennsylvania (Bradford,
Lycoming, Sullivan, Susquehanna, Tioga, and Wyoming). The range represents the
highest and lowest county average. Adding the water use for drilling fluid (about
85,000 gallons [52-53]), we compute the average water demand at 4.5 million gallons
per well. Mantell estimated that alternative sources (such as recycling and reuse of
flowback) reduce freshwater needs by 10–30 percent [52], and we assumed a median
of 20 percent. We assumed that this reused water could come from reuse of flowback
and brine within the study area or other sources (e.g., wastewater treatment plant
effluent, groundwater, or purchases from public supply) within the DRB.
Flowback wastewater is generated at a rate of 10–15 percent of the volume of frac
fluid injected [53-55], while brine production is about 50–100 million gallons per
million cubic feet of gas produced [52]. The reuse rates of these wastewaters based
on current industry practices are estimated to be about 90–95 percent for flowback
and 56 percent for brine [53]. Though we do not include indirect uses in our analysis,
Jiang et al. [53] estimated that indirect water consumption for well pad preparation
might account for an additional 0.5 million gallons of water per well, and total
indirect uses might account for as much as 2 million gallons per well.
Table 5 displays average daily rates of water use, withdrawal, wastewater generation,
and wastewater effluent disposal for each study area, based on the per-well factors in
Figure 10 and the number of wells developed. Note that the DRB total at the bottom
includes wells not in the three study areas.
We account for reuse of wastewater (based on literature values of recent industry
averages) in two ways. “Withdrawal” reflects remaining freshwater need after
accounting for reuse and alternate sourcing. “Wastewater Generated” includes all
flowback and brine recovered, but “Effluent Disposal” includes only the remaining
portion of wastewater that is sent for treatment at industrial wastewater treatment
facilities. We assume that the disposal volume is treated at wastewater treatment
plants in the basin (instead of disposed through deep well injection or transported
outside the basin), so this “disposal” volume can be called wastewater “effluent.” To
establish the full potential range of impacts, we also consider the case where all
wastewater is treated and disposed later in this chapter (i.e. no reuse).
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Table 5.

Projected rates of well development, water use, withdrawal, wastewater
generation, and effluent for disposal, by study area and scenario. Units =
1,000 gallons per day, except wells per year.

Study
Area

Scenario

1

Average

22

270

210

40

6

2

Average

25

320

250

50

7

3

Average

23

280

230

50

6

1

Max.-Year

130

1,610

2,570

270

36

2

Max.-Year

153

1,900

3,040

320

43

3

Max.-Year

136

1,690

2,700

280

38

Average

133

1,650

1,320

270

37

DRB

Wells
Per Year

Water
Use

Withdrawal
(Freshwater)

Wastewater
Generated

Effluent
Disposal

Since water withdrawals are often not constant over a development period, we
developed a reasonably high-withdrawal scenario. In the maximum–year scenario (20
percent of wells developed), we further assumed that water withdrawal occurs over a
limited time window during the well-development process, equal to half of the well
completion time (roughly 20 days). This doubles the effective withdrawal rate
because the same amount of water is collected over 50 percent fewer days. Actual
peak withdrawal rates could be higher if the water needed for each well fracturing is
collected in only a few days to minimize water storage time onsite.
The withdrawals are highest in the maximum-year scenario, and it is these rates of
withdrawal that may have the highest potential impact on flows in the DRB. The
wastewater flow generated, as expected, is small relative to water use (but at 50,000–
300,000 gallons per day in the study areas, it is still a large volume that must be
managed).

Impacts from Water Withdrawal
The impact of water withdrawals for fracking depends on the rate of extraction and
the available water resources in the study area. This withdrawal rate is roughly 2.6–
3.0 million gallons per day (MGD) for each study area. To determine the impact of
these extractions on water availability in the study areas, we compared the waterextraction rate to water availability using two types of reference stream gages: “small
stream” and “mainstem.” We obtained all stream gage records from the USGS Surface
Water Daily Data database [56-57] (see Appendix B for details on the gages used).
The schematic in Figure 11 shows the relative locations of the two types of reference
gages. Conveniently, all projected wells are upstream of the stream gage at Port
Jervis, NY, which is useful for assessing basin-wide impacts. The small stream gages
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represent smaller headwater drainage basins whose flow depends almost entirely on
rainfall within the study area. The mainstem gages measure larger rivers flowing
through the study area that have a significant portion of flow coming from upstream
of the study area. Notably, the mainstem of the Delaware River flows through Study
Areas 1 and 3, and water availability is influenced by upstream flows, including
releases from the Cannonsville and Pepacton Reservoirs. Study Area 2 is different
than 1 and 3 because it is entirely a headwater area and has no upstream drainage
area to boost flow to the mainstem gage.

Figure 11.

Flow schematic for the Upper DRB, showing locations of study areas and
reference gages.

Note: The schematic is not to scale. Source: CNA.

For all gages, streamflow statistics were calculated including the Q7-10 (lowest sevenday average flow expected to occur once every 10 years), the 20th-percentile flow
(sometimes called the Q80), median flow for the summer months (July–August–
September [JAS]), median flow, and average flow per square mile (using the stream
gages’ contributing area). See Appendix B for these flow metric values. We divide the
projected water withdrawal by the study area size to put demand on a per-squaremile basis, allowing a comparison.
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We calculated water availability by dividing the maximum-year water demand for
UNGD by the flow metric and expressing the result as a percentage. This is the
percentage by which flow would be reduced under the listed flow conditions on days
with water withdrawal (roughly half of days). Figure 12 shows the percentage of flow
reduction for several flow metrics for both the small stream and mainstem reference
gages.
The water availability analysis in the figure suggests that water withdrawals would
reduce median or average flows by 1–3 percent, but the withdrawals may reduce
flows 5–70 percent during summer and low-flow periods. Mainstem withdrawals
would have a less-noticeable effect on flows under a range of flow conditions. By
contrast, during periods of low-flow, withdrawal rates may noticeably reduce instream flow on small streams.

Figure 12.

Withdrawals as percent of available streamflow for maximum-year
development scenario. Shown for several flow metrics for both the small
stream and mainstem gages. Withdrawals can take a high percentage of
flow during low flow, when taken from small streams, and a lower
percentage during average flow or when taken from mainstem rivers.
(Units = percentage of flow removed.)

Notes: Q7-10 is lowest 7-day average flow experienced on average every ten years. 20% is
the 20th percentile of daily streamflow. Median (JAS) is the 50th percentile daily flow for the
months of July, August and September. Median is the 50th percentile of all daily flows.
Average is the daily average flow.
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For completeness, we also display the results over the full-flow distribution for the
small stream gages. In Figure 13, lines show the percentage that flow would be
reduced versus the flow percentile. The same flow metrics are shown as points along
the line. The dashed lines represent an additional scenario if the full water demand
were met with freshwater withdrawal (versus a combination of freshwater and reused
water as depicted in Figure 10).

Figure 13.

Withdrawal as percent of available flow versus flow percentile, small
stream gages, maximum-year withdrawal scenario. At lower flows, the
percentage of flow removed is higher. Dashed lines show the difference
if all water needed for hydraulic fracturing were supplied by the streams.
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Actual impacts would depend on the specific withdrawal location, withdrawal rates,
and flow at the time of the withdrawal. Some ecosystems are highly sensitive to
changes in flow regime, including changes to the low-flow magnitude, timing, and
duration, which this study indicates may be a risk for smaller streams in the study
areas. Several reviews of environmental flow literature have found that decreased
magnitudes of low flows can lead to a range of effects on water quality and
ecosystems, including decreased richness of species, increased densities of
predators, increased abundance of generalist and highly mobile species, and
decreased abundance of specialist and cold-water obligate species, among many
others [58-59].
The total water volume needed to develop all 4,000 wells in the DRB is roughly 14
billion gallons, which, spread evenly over 30 years, is 1.3 million gallons per day.
This average daily withdrawal amount would be sufficient to meet the domestic
water needs 3 for more than 17,000 people. Of course, the water withdrawals for
fracking would be roughly 80-percent consumptive, versus about 20-percent
consumptive for domestic water use.
Relative to existing water demands in the study areas’ watersheds [61], the UNGD
water demands would increase water use in the three study areas by a factor of 5 to
12.

Wastewater Pollutant Loadings
Table 6 shows expected concentrations (derived from literature values) of some of
the key regulated contaminants in the flowback and brine wastewater [41, 43, 62-68]
and industrial wastewater effluent [40, 43], compared to the effluent discharge limits
[69] and the reference conditions in the watershed’s streams [41]. The natural gas
wastewaters contain dozens of pollutants, including salts, metals, hydrocarbons,
volatile organic compounds, and radioactive compounds, among others[70]. This
study focuses on five pollutants whose effluent concentrations are regulated from
treatment plants treating oil and gas wastewater in Pennsylvania. These pollutants
include Total Dissolved Solids, Chloride, Sulfate, Barium, and Strontium.

The average for Delaware, New Jersey, New York, and Pennsylvania is 75 gallons per day, per
capita [60].
3
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Table 6.

Wastewater concentrations of key contaminants in flowback and brine
wastewater. Discharge regulations on effluent concentrations, and
reference conditions for surface water in the upper DRB are shown for
context. Units = mg/L.

Pollutant

Flowback

Brine

Range

Discharge
Regulations

DRB
Reference

Total Diss. Solids (TDS)

73,000

205,600

38,500–261,000

500

46.5

Chloride (Cl)

54,600

99,600

19,600–174,700

250

5.8

Sulfate (SO4)

51

55

2.4–300

250

5.1

Barium (Ba)

1,020

33,630

10

0.021

Strontium (Sr)

1,190

5,230

10

0.025

4–84,300
350–4,800

Since 2010, Pennsylvania regulations [69] require new wastewater treatment facilities
treating Marcellus Shale wastewater to meet additional standards for TDS, salts, and
some metals before discharging to streams or conventional treatment plants. The
newer industrial treatment facilities will have to more-effectively remove salts,
metals, and other contaminants through advanced treatment technologies (e.g.,
desalination and distillation; reverse osmosis and other membrane processes;
capacitive deionization [39]) to meet the newer regulations. The reference conditions
reflect an average for four sites in the Upper DRB measured in 2012 [41].
These pollutant measures show the concentrated nature of the wastewaters being
generated relative to the regulatory effluent discharge standards, many of which are
equivalent to U.S. Environmental Protection Agency (EPA) maximum contaminant
levels for drinking water. The low concentrations in the reference conditions indicate
how susceptible the surface waters in the study area are to even small discharges of
wastewater. The potential environmental effects depend on the loadings of the
contaminants to surface water in addition to the location and flow conditions at
point of discharge. Different measures of loading may be appropriate, depending on
the planning objective.
The total loading of contaminants in flowback and brine wastewater sets an upper
bound for the mass of contaminants that must be treated. For the five regulated
contaminants in Table 6, we calculate the total contaminant loading in wastewaters
by multiplying flowback and brine generation flow rates by their respective
contaminant concentrations to compute mass loads, and then sum the flowback and
brine loads. The process is similar for industrial wastewater effluent (after typical
wastewater reuse), but we assume that the effluent concentrations comply exactly
with regulatory limits for discharge (see Table 6, above).
Table 7 shows the potential average daily loadings of key contaminants from all
flowback and brine wastewater (“Avg. WW”) and from treated effluent (“Avg. Effl.”).
The treated effluent volume is lower because it reflects the remaining wastewater

38

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

volume after much of the original flowback and brine has been recycled. For context,
the average daily loadings (computed based on the reference concentrations and
average flow conditions) are shown on the final line for the Delaware River at Port
Jervis, NY. The river naturally carries some solids and salts at low concentrations, but
with high flow rates, the river loading is large.
The same is not true of the metals barium and strontium, which have only trace
concentrations in the waters of the Upper DRB. In untreated wastewater (the Avg.
WW scenario), the loadings of barium and strontium can dwarf those in the river,
indicating significant risk associated with spills. Wastewater reuse reduces volume
(the difference between Avg. WW and Avg. Effl. flow), and treatment reduces
contaminant concentrations, which combined reduce average loadings in effluent
discharged to rivers.
Table 7.

Scenarioa
Reference

Avg. WW

Avg. Effl.
(w. reuse)

a

Potential average daily loadings of key contaminants from all flowback
and brine wastewater and from treated effluent. Natural gas wastewaters
are very concentrated, and loadings of key contaminants in the raw
wastewater (“Avg. WW”) can be similar to the totals carried by the
Delaware River (“Reference” condition). For the effluent loading scenario
(“Avg. Effl.”), which includes wastewater reuse, the loadings are greatly
reduced, though not eliminated. Units = lbs/d, except flow (MGD).
Study
Area

Flow

TDS

Cl

SO4

Ba

Sr

DRBb

3,260

573,400

71,700

62,300

264

305

1

0.040

32,000

23,100

19

2,490

700

2

0.047

37,700

24,500

20

2,640

740

3

0.042

33,600

21,800

18

2,350

660

DRBb

0.245

142,400

127,400

105

13,800

3,870

1

0.006

25

13

13

0.50

0.50

2

0.007

30

15

15

0.59

0.59

3

0.006

26

13

13

0.53

0.53

DRBb

0.037

154

77

77

3.1

3.1

Multiply loadings by 6 for maximum-year, and by 30 (times 365) for total loading.

b Reference

DRB loadings based on average flow at Port Jervis, NY. DRB scenario loadings include all
wells in the DRB, including those not in the three study areas.
Note: TDS – Total dissolved solids, Cl – Chloride, SO4 – Sulfate, Ba – Barium, Sr - Strontium

Finally, we note that the high contaminant concentrations in untreated wastewater
make wastewater handling a potentially risky activity in case of spills. Comparing the
average wastewater loads to the reference loads, it is evident that spilling even small
volumes of untreated wastewater into streams could significantly raise loadings of
these contaminants (and many others in the untreated wastewater), posing an
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environmental risk. This study does not investigate spill scenarios, but the sensitivity
of the basin’s waters to spills may warrant further study.

Impacts of Wastewater Discharge
The salts, metals, and other pollutants in the flowback and brine wastewater can
create significant loads, despite relatively low flow rates, because the pollutants are
concentrated. The TDS concentration in brine makes it nearly six times saltier than
seawater (roughly 35,000 mg/L). One way to judge the impacts of the effluent
discharges in context is to determine how much the wastewater discharge would
raise concentrations of key contaminants in surface waters.
Water quality risk is highest when a high effluent flow is discharged during low-flow
conditions, because there is less water for dilution. We investigated two discharge
flow scenarios to set a range on the potential water quality changes during a period
of lower flow—in this case, the 20th-percentile flow (sometimes called the “Q80”). In
both cases, we assumed that the discharge pollutant concentrations exactly met the
quality standards in the “Discharge Regulations” column of Table 6 (see page 36).
The first scenario (“Max. Effl. w reuse”) has the effluent disposal flow from the
maximum development year (final column from Table 5, page 31) as its flow. This is
the flow remaining after reuse. The second scenario (“Max. Effl. no reuse”) has the
total wastewater generated in the maximum development year (sixth column from
Table 5) as its flow, but it meets the same effluent quality standards.
Given that potential effluent or discharge locations are unknown, we compute the
concentration increase caused by diluting the wastewater pollutant loads in the
reference streamflow on area-averaged basis. We use the small stream–gage statistics
calculated per square mile to estimate the 20th-percentile flow and multiply by the
area of the study area to get the flow rate. Table 8 shows the increase in
concentration the wastewater effluent discharge would cause for the three study
areas for the five pollutants. The first row of Table 8 shows the reference pollutant
concentrations for natural flow from Table 6. Comparing the concentration increase
to these reference concentrations shows the approximate magnitude of the change in
water quality.
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Table 8.

Scenario

Increase in concentration of pollutants caused by maximum-year effluent
discharge during the 20 percent–flow condition. The “Max Effl. no reuse”
scenario leads to larger increases than the “Max Effl. with reuse” scenario
because of higher flow. Barium and Strontium concentrations change
most relative to reference concentrations. Units = MGD for streamflow,
effluent flow; mg/L for reference concentration, concentration increase
Study
Area

Streamflow

Effluent
Flow

Reference Concentrations for DRB:
Max Effl.
w reuse

Max Effl.
no reuse

TDS
46.5

Concentration Increase
Cl
SO4
Ba

Sr

5.8

5.1

0.021

0.025

1

22.2

0.036

0.817

0.409

0.409

0.016

0.016

2

40.2

0.043

0.530

0.265

0.265

0.011

0.011

3

31.4

0.038

0.605

0.302

0.302

0.012

0.012

1

22.2

0.240

5.412

2.706

2.706

0.108

0.108

2

40.2

0.283

3.513

1.757

1.757

0.070

0.070

3

31.4

0.251

4.004

2.002

2.002

0.080

0.080

Note: TDS – Total dissolved solids, Cl – Chloride, SO4 – Sulfate, Ba – Barium, Sr - Strontium

The Max. Effl. with reuse scenario’s increased concentrations reflect a wide variation
in percentage changes, with TDS increasing about 1.5 percent over reference
concentrations in the study areas, and barium and strontium increasing 50–70
percent. The increased barium loadings are especially of concern, because barium
accounts for up to 90 percent of eco-toxicity potential in flowback and brine
wastewaters [71]. The lower the wastewater reuse rate, the higher the potential
effluent loadings. For barium and strontium, treating all of the wastewater (i.e. no
reuse) instead results in a 300–500-percent increase over reference concentrations.
The water quality changes also depend on the flow conditions in the effluent’s
receiving water due to the dilution effect. Figure 14 illustrates how the increase in
barium concentration changes depending on the flow conditions at the time of
discharge. This example considers the same scenarios for Study Area 2. The
horizontal blue line shows the reference concentration for barium.
Unsurprisingly, we observe that the concentration increases are much higher during
lower flows, and the larger discharge volumes of the no reuse scenario result in
larger changes to concentrations. This general pattern will be reflected for all of the
pollutants in all of the study areas, though the reference concentrations will be
different.
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Figure 14.

Barium concentration increase versus flow percentile, Study Area 2. The
concentration increases are most substantial for the lower flow
percentiles. Scenario with no reuse has higher increases. Units = mg/L.

Discussion
If natural gas development were allowed in the DRB, water resources would be
affected by both water withdrawals and wastewater discharges. Water withdrawals
are small relative to total water availability in the basin, but are large compared to
existing demands in the study areas. The withdrawals could remove a significant
portion of flow if maximum year withdrawals are taken from smaller streams during
critical low-flow periods. In this analysis, we compared the withdrawal rate and
available flow generation on the basis of ‘flow per unit area’ over the area of the
watershed for the three study areas. While this analysis method is necessary to
compare relative flows where actual withdrawal location and timing are unknown, in
reality, the impact would depend on the specific location and flow conditions during
the withdrawal. On smaller streams, especially, the magnitude of water permanently
removed for fracking could reduce the flow considerably during high or peak
withdrawal periods. The duration of the impact is uncertain and would depend on
how many wells would be served by a particular withdrawal location, and the rate of
development.
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Wastewater handling, management, and treatment are important for Marcellus
wastewaters, notably the flowback and brine, due to the high concentrations and
potential toxicity of pollutants in the wastewaters. We considered only the impact
that the discharge of wastewater effluent treated to current Pennsylvania standards
would have on in-stream concentrations of five pollutants with specific discharge
limits. Our analysis showed that under these conditions, in-stream loadings of some
pollutants (notably barium and strontium) could increase between 50 and 500
percent, depending on what portion of the wastewater is reused versus treated and
discharged. These effects would be most pronounced on smaller streams and during
low-flow periods, where the discharge flowrate is a reasonable proportion of the
ambient flow.
There are several other potential risk pathways and risks to water quality [50, 72]
that this study does not consider. Pollutants other than the five included here—as
well as their degradants or derivatives—may pose additional risks to water quality
and human and environmental health. The treatment processes needed to meet the
2010 discharge regulations on TDS, chloride, and sulfate may also treat other salts
and ionic compounds, and limits on barium and strontium may result in reduced
concentrations of other metals. Yet, for many of the pollutants found in natural gas
wastewaters (many of which have no regulatory discharge limits), understanding of
potential health impacts is still evolving (see the “Health Risks and Affected
Population” chapter for more discussion of this issue). For instance, iodide and
ammonium (two chemicals not usually measured in water quality analyses of
flowback or brine) in Marcellus wastewater effluent have recently been shown to
impact formation of disinfection byproducts in drinking water, as well as having
ecologic effects [43-44, 73]. Naturally occurring radioactive materials (NORM) in
flowback and brine have attracted attention because they are not easily treated and
do not quickly degrade in the environment, whether in effluent or solid waste
discharge [74-75]. Additional research on effluent concentrations of a wider range of
chemicals from wastewater treatment plants meeting the newer Pennsylvania
standards would be useful in assessing potential impacts of these other pollutants.
While effluent discharge was the primary water pollution pathway that we included
in this analysis, there are other documented pollution pathways by which natural gas
wastewaters could be released. For example, Reaven and Rozell performed a
probability bounds analysis to determine the likelihood and potential volume of
water contamination via transportation of wastewater, well casing failure, migration
through subsurface fractures, wastewater spills at the drilling sites, and wastewater
disposal [5]. They found that although wastewater disposal (i.e., effluent discharge)
was by far the most likely pathway with the highest potential contamination volume,
other pathways could lead to low-probability scenarios with high-contamination
volumes, especially spills at drilling sites. These “accident” pathways [50] are
important considerations in a full consideration of UNGD risk, as some spills will be
nearly inevitable [74]. Pennsylvania’s Department of Environmental Protection has
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been tracking and reporting permit violations for natural gas operators, and their
violations data show that many of these pathways are a reality in Pennsylvania, with
4,006 violations since 2009 (roughly 7,800 wells drilled) [76]. As an example, there
have been roughly 290 violations at about 240 well sites involving improper
discharge of UNGD wastewaters to Pennsylvania’s streams [76].
The next chapter of this report investigates a different category of water quality
risks: those associated with the changes to land cover we described in the “Impacts
on Land Cover” chapter.
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Impacts on Water Quality due to
Changes in Land Cover
Key Findings
•

Changes in land cover associated with natural gas infrastructure
would lead to short- and long-term changes in hydrology and water
quality.

•

Changes in land cover could increase erosion rates up to 150 percent
immediately after infrastructure construction and 15 percent in the
long term.

•

Soil-erosion rates during winter months are up to 25 times higher than
during summer months.

•

Runoff rates could increase by up to 4 percent, offset by an
equivalent volumetric decline in groundwater contribution to
streamflow.

Unconventional natural gas development results in landscape disturbance based on
the need to construct infrastructure to support operations. This report’s chapter
titled “Impacts on Land Cover” described the potential changes to land cover
associated with constructing well pads, roads, and gas gathering pipelines. These
changes to the landscape also change the hydrologic character of the DRB, and can
affect water quality through changes to sediment and nutrient export. Building
roads, pipelines, and well pads requires clearing the land, removing topsoil,
regrading, and compacting soil both in the infrastructure footprint and a right-of-way
wide enough to install infrastructure. Mitigation measures—such as erosion- and
sediment-control practices (silt fences, filter socks, and so forth) and remediation
with planting of cover crops—can limit the loss of soil, but some permanent impact
due to the initial land clearing and soil compaction is inevitable.
The full scope of water-quality outcomes resulting from land cover changes depends
on the location of the infrastructure, the existing watershed conditions, and the
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mitigation measures put in place by developers. Infrastructure that is built on land
with high slopes and erodible soils; near or adjacent to stream banks; or
necessitating the crossing of a stream or disturbance of wetlands will have a larger
potential for ecological damage, primarily through erosion. The current condition of
the basin in the three study areas is predominantly forested and agricultural, with
limited residential and commercial development.
The previous chapter covered some of the potential impacts of the natural gas
wastewaters on water quality. This chapter, by contrast, focuses on potential impacts
on water quality due to the largely unavoidable land cover changes associated with
UNGD. Such land-use changes often correlate to changes in hydrology, water quality,
and—by extension—stream health. At the site scale, well pad development has been
observed to increase sediment and nutrient concentrations, though vegetated stream
buffers and erosion- and sediment-control practices can reduce loadings [77]. At a
regional scale, development of well pads has been shown to correlate with increased
in-stream Total Suspended Sediment loads [4], due to erosion and sedimentation.

Methodology
We modeled each of the study areas with the MapShed program developed by Penn
State University [78]. The water quality calculations were performed with MapShed’s
integrated GWLF-E model based on the Generalized Watershed Loading Function [79],
which simulates runoff, sediment, and nutrient loads based on watershed source
areas. We modeled each of the study areas under three conditions:
•

Baseline: Existing land cover

•

Initial Infrastructure: Well pad, gathering pipeline, and new roads during or
immediately after installation with minimum mitigation

•

Post-Development: Infrastructure after the hydraulic fracturing operations
are complete and gas is being produced, with partial remediation

The Initial Infrastructure condition represents a worst case of erodibility conditions
that would likely persist from several days to a few months as the well pads, roads,
and pipelines are constructed. This scenario is useful for setting the upper limit on
the potential sediment and nutrient loadings, and determining which months of the
year have conditions most conducive to erosion in the study areas. This scenario also
assumes that the entire land conversion for infrastructure in a study area occurs at
once, when, in reality, it would be installed at the pace of development over 30 years.
The Post-Development condition considers the long-term effects of land-use change
after all the gas wells have been drilled and are in production. The well pads are
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partially deconstructed (leaving only a well head, pump, and brine storage), and the
gathering pipeline rights-of-way are revegetated with cover vegetation (low grasses
and herbaceous plants); pipelines are operating, and the roads are little changed. We
assumed (through parameter selection, not direct modeling) that some erosion and
sediment control best management practices (BMPs) are installed, though not
optimally, and that the post-development soil would remain somewhat compacted.
Ultimately, the Initial Infrastructure and Post-Development scenarios should bracket
a range of conditions reflecting a range of potential remediation cases.
We also assumed that all land cover changes are permanent, that there are no other
land cover changes in the study area, and that there are no secondary land cover
changes (e.g., converting additional forest to farmland to make up for arable area lost
to gas infrastructure). We also did not include long-distance transmission pipelines
to move natural gas to market and other appurtenant natural gas infrastructure (e.g.,
centralized storage or wastewater treatment facilities) in this analysis.
The results presented consider only runoff and streamflow produced within the
study area (no upstream flow for Study Areas 1 and 3), and only loadings associated
with land-use and in-stream processes (no point sources, livestock, or septic systems
are included in the model). The results focus on the hydrologic and loading changes
on the uplands—that is, the changes in flow or pollutant loadings coming directly
from changes in the land surface.
The metrics we used to assess the changes include the following MapShed model
outputs:

4

•

Runoff: The volume of water that flows off the land surface and into streams
during storms

•

Groundwater Recharge: The volume of water that soaks into the ground
during rain events and contributes to streamflow

•

Erosion: The mass of soil that is dislodged from the land surface by
precipitation runoff and is carried into streams

•

Sediment: The mass of soil that is deposited on land (generally as dust) that
gets washed off into streams

•

Nutrients: The mass of nitrogen (Total Nitrogen, or “TN”) and phosphorus
(Total Phosphorus, or “TP”) compounds washed off the land surface in runoff
or in groundwater entering the stream 4

These can contribute to algal growth, which can lower available oxygen in the stream.
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Results
The land-use changes associated with UNGD in the DRB affect hydrology, loadings of
sediments, and (to a lesser extent) nutrients in the study areas. The results vary
significantly by scenario and condition (Initial Infrastructure versus remediated
condition). Table 9 indicates changes in hydrology (runoff and groundwater recharge)
and upland loadings (erosion, sediment, nutrients) for each scenario, expressed as a
percent change from the baseline total. Only the land surface processes are included
in the total.
Table 9.

Study
Area

Changes in hydrology and loadings for each scenario. The land cover
changes result in large increases in erosion and sediment (“Sed.”) loadings
compared to the baseline, especially for Dispersed scenario/Initial
Infrastructure (“Initial Infra.”) conditions. The hydrology and nutrient
loading changes are smaller in magnitude. Units = % change from
baseline.
Development
Scenario

Condition

Runoff

GW

Erosion

Sed.

TN

TP

Dispersed

Initial Infra.

2.8

-0.17

98

54

6.3

11

Dispersed

Post-Dev.

1.6

-0.09

15

-2.1

-1.6

-5.0

Concentrated

Initial Infra.

1.7

-0.10

67

33

3.7

6.9

Concentrated

Post-Dev.

1.0

-0.09

10

-5.5

-1.8

-4.8

Dispersed

Initial Infra.

3.4

-0.64

138

125

32.0

49

Dispersed

Post-Dev.

1.8

-0.32

16

14

2.6

2.7

Concentrated

Initial Infra.

2.1

-0.43

102

93

23.0

35

Concentrated

Post-Dev.

1.1

-0.27

13

11

1.8

2.1

Dispersed

Initial Infra.

3.4

-0.46

110

96

12.3

20.0

Dispersed

Post-Dev.

1.9

-0.18

14

12

0.7

-1.6

Concentrated

Initial Infra.

1.9

-0.18

66

57

7.2

12

Concentrated Post-Dev.
Notes: GW = Groundwater recharge

1.0

-0.14

8.0

6.8

0.3

-1.1

1

2

3

The hydrologic changes show increases in runoff of 1–3 percent, with reductions in
groundwater recharge of a few tenths of a percent. On a volume basis, however,
these changes are nearly equal, so average yearly streamflow is nearly unchanged,
but flow distribution changes. The flows increase (roughly 1.5 percent) at peak flows,
and decrease (1 percent or less) across the rest of the flow distribution. In volume
terms, the groundwater contribution to flow will decrease by somewhere between 70
(Concentrated scenario, Post-Development conditions) and 145 million gallons per
year (Dispersed Scenario, Initial Infrastructure conditions) for Study Area 1. The
corresponding ranges are 140–330 million gallons for Study Area 2, and 90–305
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million gallons for Study Areas 3. On an area-averaged basis, the approximate range
of decreased groundwater flow is 0.35–2 million gallons per year, per square mile.
Table 9 also shows a noticeable change in the erosion and sediment loadings, and
less significant changes in nutrient loading. Erosion and sediment changes both
increase suspended sediment loadings in streams, but the sediment loadings are
much smaller in magnitude. Combining these loadings gives a clearer picture of the
potential changes in soil volume leaving the landscape.
Figure 15 illustrates how the combined erosion and sediment loadings change, and
how the individual land-use changes affect them. Results are shown as a percentage
of the baseline total load (upland only). Thus, the baseline load equals 100, and 240
would represent a 140-percent increase. The stacked bars show the relative
contribution of each existing land cover (forest/wetland, agricultural hay and
pasture, agricultural row crops, and developed area) and gas infrastructure land
cover (well pads, pipelines, roads) to the total loading. The largest contribution to the
erosion and sedimentation impacts are from the pipeline right-of-ways, especially for
the Initial Infrastructure (“InitInf”) condition. The impacts from roadways are smaller
in magnitude but are not reduced as much in the Post-Development (“PostDev”)
condition, as compared to well pads and pipeline rights-of-way.

Figure 15.

Total upland erosion plus sediment loading, as percent of the baseline
loading. Increases in erosion and sedimentation are caused mainly by the
pipeline rights-of-way and are more severe in the Initial Infrastructure
(“InitInf”) condition than the Post-Development (“PostDev”) condition.
Units = percent of baseline. (baseline = 100)

Erosion + Sediment Loading,
% of baseline

250%
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New Road
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The total change in loading also depends on the types of land cover affected by the
conversion. The relative amount of agricultural versus forest area converted has a
strong influence on the upland loading results. For example, converting forest area to
natural gas infrastructure increases loads, while agricultural (and especially
cropland) conversions may lead to net reductions in some loads, especially nutrients.
This accounts for much of the variation in the nutrient results in Table 9 (page 46).
We also found the potential changes to erosion rates vary widely during the year.
Figure 16 shows the monthly variation in erosion relative to the baseline condition
for both the Initial Infrastructure and remediated condition. The changes in winter
erosion predominate and account for most of the total change. The difference is such
that if the Initial Infrastructure conditions persisted for three months, 25 times more
erosion would occur if all infrastructure were built in October through December
versus May through July.

Figure 16.

Monthly variation in erosion relative to the baseline condition for both the
Initial Infrastructure and Post-Development condition. Most of the increase in
erosion between baseline and developed conditions occurs in winter
months.
Units = tons (left axis); percent change (right axis).
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Discussion
The land-use changes associated with UNGD in the DRB have the potential to cause
noticeable changes in hydrology and erosion, despite affecting a relatively small
proportion of the basin. The Initial Infrastructure conditions result in the highest
susceptibility of the study area to erosion, noticeably in the winter months. Even in
the Post-Development condition, the additional roads, pipelines, and well pads do
not perform the same hydrologic functions as the forests they replace, resulting in
potentially long-term increases in peak runoff, erosion, and nutrient loading, and
possible decreases in stream base flow.
By way of context, in Study Area 2 (178 square miles), the volume of runoff-increase
and groundwater recharge–decrease both equal roughly 330 million gallons per year
(0.9 million gallons per day) for the “dispersed” scenario for the Initial Infrastructure
condition. This yearly volume of water would fill the Empire State Building 1.2 times.
Also, if the Initial Infrastructure conditions persisted for three months, on average,
approximately 18,000 tons of soil would be eroded. If piled on top of an average
suburban house lot (one-quarter acre), the pile of soil would be 45 feet tall.
The results report only the net changes averaged across the entire case study
watersheds. The most prominent changes are likely to occur in the upland portions
of the watersheds and in small streams and ponds adjacent to the infrastructure
development. Further modeling would be needed to assess potential impacts on a
smaller scale. Additional land development (for housing, more agriculture, other
uses) in the watershed may be more likely to cause downstream impacts, as the
hydrologic and water quality functions of upland streams would start as more
degraded.
This analysis is a limited one and does not account for the full range of impacts that
may result from land-use changes associated with gas development. This analysis
used the Mapshed model to estimate pollutant changes over the study area using
typical factors for the types of land covers described. It does not cover the large
potential variation in parameters such as curve number, soil bulk density
(compaction), or other soil factors. Furthermore, the model parameters cannot
directly account for the impact of best management practices, or the impacts that
may occur were these practices to fail. Pennsylvania data on permit violations
indicate that erosion- and sediment-control violations at well sites are relatively
common (roughly 630 violations at 530 well sites since 2009) [76]. The severity of
these violations is not known, but in some of these cases, the failure (or absence) of
best management practices for erosion and sedimentation could result in loadings
closer to the Initial Infrastructure condition than the Post-Development condition
presented here.
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In addition, the flow changes and changes to sediment loadings are likely to affect
the ecological conditions of the watershed. The land cover changes will likely result
in environmental flow changes (especially increased peak flows and decreased base
and low flows), which can affect the health and relative distribution of a wide range
of plant and animal species [58-59].
We recommend further study to better assess water-quality outcomes using moredetailed models with greater spatial resolution and more-detailed parameters using
sampling data from the modeled watershed. For instance, variability in agricultural
practices can have a strong influence on erosion rates and nutrient export. Further
study could also compare alternate future land-use changes (e.g., more suburban
development) with results for land-use change specifically associated with gas
development. Additional study with a more-detailed case study model could also
investigate the combined effects of water withdrawal, wastewater effluent disposal,
and land cover changes.
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Impacts on Air Quality
Key Findings
•

Natural gas development could as much as double nitrogen oxides
(NOx) emissions, compared to current emissions in affected DRB
counties.

•

The primary source of NOx emissions from natural gas development
could stem from compressor stations to move the gas through
gathering pipelines, rather than from well development or
completion.

•

Compressor stations represent a long-term source of NOx emissions in
impacted areas, rather than the short-term, intermittent impact from
well development.

•

Methane leakage from natural gas development in the DRB could
contribute an additional 0.5–2.2 percent per year to the current
methane emissions from Marcellus Shale development now
occurring in Pennsylvania and West Virginia.

Unconventional natural gas development is an industrial process that involves a host
of machinery and operations to extract natural gas from shale deposits. Shale gas
operations release a variety of pollutants that can degrade local air quality, including
nitrogen oxides (NOx); sulfur oxides (SOx); particulate matter (PM); and volatile organic
compounds (VOCs), such as formaldehyde, benzene, toluene, ethylbenzene, and
xylene (BTEX) [80]. NOx, SOx, and PM are subject to national ambient air-quality
standards, (NAAQS) due to their potential to cause harm to human health and the
environment [81]. Furthermore, NOx and VOCs are the precursors to ozone, the
primary component in smog, which can cause respiratory illness [82].
Impacts on air quality from industrial emissions occur during each of the stages of
shale gas development [82]. These emissions stem from the use of diesel-powered
equipment to prepare well pads and diesel trucks to transport water and supplies to
and from well pads. The drilling, hydraulic fracturing, and production processes also
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utilize diesel machinery and contribute to these emissions. In addition, condensate
tanks and waste ponds at well pad sites can produce emissions. Significant emissions
can also arise from combustion-powered compressor stations that compress natural
gas to keep it flowing through the pipeline system.
While these local risks to air quality would most likely impact the DRB in the short
term, there is a large field of research that has focused on the potential climate
change impacts due to greenhouse gas (GHG) emissions from shale gas development
[80, 82-84]. These GHG emissions stem from the leakage of natural gas (i.e., methane,
or CH4) at various points throughout the development cycle, from extraction to
processing and transmission. However, the combustion of natural gas to generate
electricity releases half as much carbon dioxide (CO2) as coal, leading many to
champion the climate benefits of natural gas and term it a “bridge” fuel to the future.
There is considerable debate as to whether the methane leakage from natural gas
operations eclipses any of these gains from reduced CO2 emissions, especially
considering that methane has 34 times the greenhouse-warming potential (GWP) of
CO2 (on the 100-year time horizon); on the 20-year time horizon, methane has 86
times the GWP of CO2) [85]. A recent study suggests that methane leakage should be
below 3.2 percent to realize net climate benefits from the transition [86], while field
measurements of methane losses have found a range from between 0.3 percent and
17 percent (see Table 11 below for references).
In this chapter, we focus on the potential emissions and impacts to air quality in the
DRB from natural gas development. In particular, we calculated the potential
contributions to VOC, NOx, PM, and SOx emissions from projected natural gas
development in four DRB counties: Wayne County (PA), Broome County (NY),
Delaware County (NY), and Sullivan County (NY). We performed this analysis at the
county-wide scale to compare the results to EPA emission inventories. In addition to
criteria pollutants, we calculated the potential contribution to methane emissions
from projected natural gas development in these counties. We did not analyze the
potential for any more localized impacts on air quality, as this was beyond the scope
of the study.

Methodology
To assess the impacts to air quality, we applied relevant values from the professional
literature to our build-out scenarios to calculate the emissions associated with
natural gas development. For ease of comparison with the common emission values,
we report the calculated emissions at the county level, rather than by study area.
Furthermore, we used the two development rate scenarios described in Table 1
(“dispersed” and “concentrated”) to illustrate the impacts of the development rate on
air quality:
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•

Average Development Year: Assumes that development occurs at a constant
rate over a 30-year build-out

•

Maximum Development Year: Assumes that 20 percent of total well buildout in each county occurs in one year (up to a maximum of 200 wells/year,
which is representative of the highest-developing counties in the Marcellus
Shale today).

The average and maximum-year scenarios show the potential variation in emissions
that could be expected from natural gas development activities in each county.
To assess the local impacts on air quality that might be expected from shale gas
development in the DRB, we applied the emissions estimates from a recent study on
Marcellus Shale development in Pennsylvania [87] to our projected well development
results. This study provided emissions values for VOCs, NOx, PM, and SOx on a perwell basis during various well site activities, based on data reported from Marcellus
Shale gas producers. In addition to well development, the study reported the
contribution from compressor stations that support production. The study estimated
emissions from compressor stations based on the reported “potential to emit” values
from permits, which indicate the maximum amount of emissions the facility is
permitted to emit by the Pennsylvania Department of Environmental Protection. We
estimated the number of compressor stations in each county by assuming that a
centralized station would serve all well pads within a 50-square-mile radius, based on
estimates from Marcellus Shale operators in the New York Department of
Environmental Conservation’s Draft Supplemental Generic Environmental Impact
Statement [88]. The study reported the high and low values of the range for each
pollutant from multiple sites, and we used the average of these values to report
results. To estimate the impact of the emissions, we compared the calculated
emissions to the counties’ reported emissions from the EPA 2011 National Emissions
Inventory (NEI) [89].
To assess the greenhouse gas contributions that might result from shale gas
development in the DRB, we calculated methane leakage as a percentage of the
natural gas production expected in the DRB. To determine the natural gas
production, we assumed that all wells would exhibit an average EUR of 1.6 Bcf per
well (the same EUR value that we used to develop our build-out scenarios, see page
9), and applied a well decline curve based on a similar EUR [90] to estimate the
monthly production per well in the DRB. We applied this value to the average number
of wells that would be developed per month in the two annual scenarios to
determine annual production. Using these production values, we then applied
leakage rates based on relevant values from professional literature describing field
measurements (top-down) of methane leakage (see page 58). We chose to focus on
top-down studies for this assessment, based on a recent review of methane leakage
from natural gas systems that found that assessments based on inventories (bottomup) tend to underestimate this leakage [91].
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For both the methane and non-methane assessments, our well-development results
from the “concentrated” and “dispersed” scenarios result in similar number of wells
developed. Thus, only the “dispersed” scenario is considered throughout this
chapter.

Results
Criteria Pollutant Emissions
Table 10 shows the estimated annual pollutant emissions from shale gas
development in the DRB, based on average and maximum annual well development
scenarios. In addition to the number of new wells, we project that 22 new
compressor stations could be built in the DRB to support transmission of natural gas
through new gathering pipelines. We present the range of potential emissions
expected from the two scenarios by evaluating emissions with one compressor
station in each county, followed by the emissions with all 22 compressor stations
present in the DRB. In each scenario, NOx emissions would be the largest contributor
to air pollution in the DRB from this development.
Table 10.

Annual emissions estimates for projected natural gas development by
county (and for one compressor station) in the DRB. NOx emissions would
be the largest contributor to air pollution by weight. Units = metric tons,
unless noted otherwise.

County

Scenario

Wayne
Broome
Sullivan
Delaware
DRB
Wayne
Broome
Sullivan
Delaware
DRB

Avg
Avg
Avg
Avg
Avg
Max
Max
Max
Max
Max

a Bcf

Wells
78
8
27
16
129
200
46
163
98
507

CH4
(Bcfa)
832
93
256
184
1,365
2,081
483
1,698
1,024
5,287

NOx
441
105
197
146
889
1,026
290
850
539
2,705

VOC
91
34
50
41
216
190
66
160
108
522

PM

SOx
14
4.5
7.2
5.7
32
31
10
26
17
84

5.6
1.3
2.5
1.8
11
13
3.7
11
6.8
34

= billion cubic feet.

To determine the extent of these emissions impacts, we compared the projected
annual emissions from development in each county (plus one compressor station) to
the total emissions of each pollutant in each county from the EPA’s 2011 NEI. Figure
17 shows the results of this comparison for the two scenarios of annual well
development.
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Figure 17.

Pollutant emissions from well development (and one compressor station)
for average-year (left) and maximum-year (right) scenarios, relative to
total county emissions from the 2011 NEI. Natural gas development could
lead to a significant increase in NOx emissions for three of the four DRB
counties.

We see noticeable potential increases in NOx emissions for three of the four counties:
Wayne County (PA) and Sullivan and Delaware Counties (NY) could all see greater
than a 27-percent increase in NOx emissions under the maximum annualdevelopment scenario. Under the average annual-development scenario, Wayne
County could still see a substantial increase in NOx emissions (25 percent) from the
shale industry, but NOx contributions from the other counties were all below 9
percent. Broome County (NY) did not see a significant increase in NOx emissions in
either scenario. This is not surprising, since only a small portion of Broome County
falls within the DRB.
The contributions to VOC, SOx, and PM emissions from annual shale gas development
did not appear as significant compared to other activities in these counties. None of
the counties showed a noteworthy increase in either the average year (less than 2
percent) or maximum year (less than 5 percent) scenarios at the county scale, though
the individual pollutants, especially VOCs, could have impacts at a local scale (see
“Health Risk Factors and Affected Population” chapter) .
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While the emissions attributed to well pad development and well completion
represent one-time contributions in the year the well was drilled, compressor
stations will continually contribute to a county’s emissions inventory after they are
built. With this fact in mind, we determined the annual emissions from well
development with all 22 compressor stations in place to see the impact on the DRB.
Based on our projections, the 22 compressor stations would be spread out in the
DRB counties according to the following breakdown: 12 in Wayne Co. (PA), 5 in
Sullivan Co. (NY), 3 in Delaware Co. (NY), and 2 in Broome Co. (NY). This breakdown
corresponds to the expected number of wells projected in each county. Figure 18
shows the updated annual emissions inventory for the two scenarios with the higher
count of compressor stations. Note that these projections for new compressor
stations only account for supporting gathering pipelines, and do not account for any
additional compressors that may be needed to support larger transmission pipelines
to carry the natural gas to market.
With the addition of a full complement of compressor stations, we see significant
potential increases in NOx emissions for three of the four counties. Wayne County
(PA) and Sullivan and Delaware Counties (NY) could all now see greater than a 34percent increase in NOx emissions under the maximum annual-development scenario.
In fact, NOx emissions could almost double in Wayne County under that scenario, due
to the addition of 12 compressor stations. Under the average annual-development
scenario, Wayne County would still see a substantial increase in NOx emissions (66
percent) from the shale industry, but NOx contributions from the other counties were
all below 21 percent. Broome County (NY) still did not see a significant increase in
NOx emissions in either scenario.
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Figure 18.

Pollutant emissions from well development (and 22 compressor stations)
for average-year (left) and maximum-year (right) scenarios, relative to
total county emissions from 2011 NEI. The full complement of compressor
stations leads to a large increase in NOx emissions in 3 of the 4 DRB
counties.

The contributions to VOC, SOx, and PM emissions from annual shale gas development
did not appear as significant compared to other activities in these counties. Only
Wayne County (PA) showed any relative emissions higher than 5 percent across these
pollutants at the county scale.

Methane Emissions
Natural gas and petroleum systems represent the largest contributing sector to
methane emissions in the United States [16]. Table 10 shows the projected methane
emissions from natural gas development in the DRB. Using the well decline curve for
a 1.6 Bcf EUR-model well, we estimated the annual production from natural gas
development in the DRB to be 22.6 Bcf in an average year, and 87.5 Bcf in a
maximum year. We applied methane leakage rates from the academic/professional
literature to these production values to estimate the potential methane emissions
from development in the DRB. Table 11 presents these results.
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Table 11.

Potential methane emissions from projected development in the DRB,
based on methane leakage rates reported from field measurement (topdown) studies. Units = Bcf – billion cubic feet.
Potential Methane Emissions (Bcf)

Study

Leakage Rate

Average Year

Maximum Year

Peischl (2015) [92]
Peischl (2015) [92]
Peischl (2015) [92]
O'Sullivan (2012) [93]
Miller (2013) [94]
Petron (2012) [95]
Karion (2013) [96]
Schneising (2014) [97]
Caulton (2014) [98]
Peischl (2013) [99]

0.3%
1.6%
1.9%
3.6%
3.7%
4.0%
8.9%
9.1%
10.0%
17.3%

0.1
0.4
0.4
0.8
0.8
0.9
2.0
2.1
2.3
3.9

0.3
1.4
1.7
3.2
3.2
3.5
7.8
8.0
8.8
15.1

Average

6.0%

1.4

5.3

Applying the average leakage rate from the literature of 6 percent, we estimated
annual methane emissions of 1.4 Bcf in an average year and 5.3 Bcf in a maximum
development year. Applying the same methodology to current annual Marcellus Shale
production, which is about 4 trillion cubic feet, we estimate total Marcellus emissions
to be 240 Bcf. Thus, shale gas development in the DRB could contribute an additional
0.5 percent to 2.2 percent per year to the current methane emissions of the Marcellus
Shale.

Discussion
If natural gas development were to proceed in the DRB, there could be varying
impacts to air quality. Compared to activities that are already occurring in the DRB
counties, our results suggest that NOx emissions would be the biggest contributor to
air pollution from shale gas development. By comparison, the projected NOx
emissions in Wayne County, PA, from the average year of natural gas development
(with one compressor) would be equivalent to adding over 53,000 cars to the road in
the county that year. 5

This is based on EPA’s average NOx emissions (0.693 g/mile driven) per year (12,000 miles
driven) for passenger cars [100].

5
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These counties currently enjoy clean, high-quality air, due to the absence of any
major emissions sources such as power plants. However, localized development in
certain parts of each county could still pose a reduction in air quality due to this
development. Some studies have attributed this localized development to a variety of
airborne health risk factors (see the “Health Risks and Population” chapter for more
details and references). The primary contribution to these NOx emissions could come
from compressor stations, which represent a long-term source of emissions, versus
the one-time contribution from well-development activities.
Furthermore, methane releases from natural gas operations are a significant
contributor to methane emissions in the United States. Each year, if all 1.4 Bcf of
potential methane leakage could be captured and used to fuel a natural gas power
plant, roughly 139 gigawatt hours of electricity could be produced 6, enough to power
over 16,000 homes in the area 7 for a year. While atmospheric methane does not
necessarily have significant local effects, it is a powerful greenhouse gas that could
have impacts beyond the DRB.

6
The EIA estimates that 1,000 cubic feet of natural gas can generate 99 kilowatt-hours of
electricity [101].
7

Average monthly household electricity use in the Middle Atlantic region is 701 kWh [102].
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Health Risks and Affected Population
Key Findings
•

More research and better tracking of health impacts are needed to
reliably project how shale gas development could affect health
outcomes. Scientific literature has shown that some health risk factors
are related to distance (e.g., 1 km, 1 mile) from a well pad.

•

Roughly 45,000 people live within one mile of a projected well pad
location. This population predominantly resides in Wayne County, PA,
where nearly 60 percent of the county’s population could be
affected by increased well development.

•

Development of more wells per pad reduces the number of people in
close proximity (<0.5 mile) to well pads, but potential exposures to
certain risk factors could be prolonged.

Of the environmental impacts of unconventional natural gas development, those that
pose a potential risk to human health often attract the most attention and concern.
In large part, the link between unconventional Marcellus Shale gas development and
adverse health outcomes has not been rigorously tracked in a manner that has
produced conclusive scientific literature [103]. There has been considerable research
into the potential pathways and risks of exposure, but the potential health outcomes
depend on type, magnitude, duration, and frequency of exposure to contaminants
and risk factors [104]. Just as previous chapters noted that there is variation in
productivity of individual wells, water use, concentrations of wastewater
contaminants, and air emissions rates, the potential risks to human health may vary
considerably across the study area, and even from well pad to well pad.
While it is not possible to use the scientific literature to derive rigorous estimates of
specific health metrics (e.g., cancer cases above baseline), a number of studies (see
Table 12) provide some evidence that risk factors and possibly health outcomes
correlate with distance from primary gas development activities (i.e., well pads). This

63

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

analysis quantifies the population within certain distances from well pads as an
initial estimate of the potential affected population.
While the link between natural gas development and health outcomes has not been
rigorously investigated [103], the major potential exposure pathways have been
explored. Krupnick et al. [50] documented the risk pathways (routine and accidental)
of UNGD agreed upon by a wide range of experts. Of the 15 consensus risk pathways
(those with priority for further regulation or voluntary action), 14 involved routine or
accidental releases (of frac fluid, wastewater, methane, etc.) to air, surface water, or
groundwater, indicating the potential for human health exposures. Where possible,
this study considers the risk pathways and accompanying research indicating that
risks or health outcomes vary with distance from the activity associated with the risk
pathway.
Table 12 summarizes some of the risks and health outcomes identified in the
literature based on distance from natural gas activities (most often associated with
the well pad). Typically, these studies evaluate risk factors or metrics of health
risks/outcomes at several distances from primary gas development activities, such as
the injection well site. The most common distance-threshold for measuring the most
likely risks is 1,000 meters or a half-mile. To evaluate more general risks, or establish
a threshold distance for a control population, the selected distances are commonly
2,000 meters or one mile. For example, a recent study by Rabinowitz et al. [82]
investigated health outcomes by surveying residents living within one kilometer,
between one and two kilometers, and more than two kilometers from wells in
Washington County, PA, regarding health symptoms they were experiencing. Several
of the studies simply report sampling results for contaminants, including distance
from the potential (gas infrastructure) source. To capture some of these values that
might be experienced at the very closest distances, we also consider a distance of
roughly 1,000 feet or less. Finally, for distances of less than 300 feet, we consider atsite exposures that residents with well pads very close to their homes might
experience, as well as oil and gas workers working on a well pad.
One of the most commonly discussed risk pathways is groundwater contamination
via casing and cementing failures [50], allowing methane and/or frac fluid and
flowback to enter the groundwater aquifers overlaying the shale. According to a
recent analysis of Pennsylvania Department of Environmental Protection violations
data, unconventional well casing and cementing failures do occur regularly (in about
2 percent of wells inspected after initial drilling), and appear to occur more often in
the northeastern part of the Marcellus (8.5 times higher risk than the rest of the
state) [105]. The likelihood of groundwater contamination by methane from these
types of failures appears correlated with distance, as Jackson et al. [106] found
concentrations of methane in groundwater 6–23 times higher within 1 kilometer of
an unconventional gas well than outside that distance. Other pathways include
potential for accidents, leaks, or spills of frac fluid or wastewater fluids to infiltrate

64

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

into groundwater from the surface. This risk pathway is particularly relevant for
Broome (NY), Delaware (NY), Sullivan (NY), and Wayne (PA) Counties, whose
population primarily (77–100 percent) uses groundwater for drinking [60].
Krupnick et al. [50] also interviewed experts who identified several risk pathways
related to air contaminants emitted from activities in the drilling and production
phases of development. Notably, there are air emissions associated with machinery
and trucks during drilling and fracking; venting and flaring of methane during
completion, production, and transport of gas; and emissions of volatile compounds
from frac fluid and waste fluids (especially when stored in open impoundments).
Many of these emissions are located near the well pad, but some are much more
regionalized (truck traffic) or are associated with particular activities that may occur
away from the well pad (e.g., volatile emissions from fluid or wastewater storage).
Our analysis primarily considers distance from well pads, but health risks may be
equally tied to distance from other activities, such as wastewater storage in
impoundments.
Volatile air pollutants are of special concern in much of the health literature, and the
first step in quantifying their risk is detecting their presence. Colborn et al. [107]
detected dozens of VOCs, polycyclic aromatic hydrocarbons (PAHs), and carbonyls
within 1.1 kilometers of a well pad, and noted health impacts, including endocrine
disruption associated with exposures to many of the chemicals. A study completed
for Forth Worth, Texas [108] detected many of the same chemicals at a slightly
greater distance. Presence of these chemicals does not equate to health risk if
concentrations are very low.
Studies by Macey et al. [109] and McKenzie et al. [7] computed health risks associated
with exposure to the air pollutants (especially benzene, formaldehyde, and hydrogen
sulfide) at a few distances from the gas development activities. They found potential
for slight increases in cancer risk, and toxicity risk based on computing hazard
indices for the measured concentrations of pollutants for chronic and subchronic
exposures. More recently, some studies have been seeking evidence these exposures
might lead to adverse health outcomes. A study by Rabinowitz et al. [110] indicated
that there may be a relationship between dermal and upper respiratory symptoms
(reported in health surveys) and distance from well pads. In addition, a study by
Jemielita et al. [111] found that hospitalization rates in several Pennsylvania counties
correlated with a number of active unconventional gas wells per square kilometer in
patients’ zip codes, especially for cardiology- and neurology-related hospital
admissions.
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Table 12.

Health risk factors and impacts cited in literature, versus distance from gas
development activities. Abbreviation and symbol definitions, as well as
color-coding, appear below the table.

Environmental
Health Risk

At-site
<300 ft

<1000 ft

14 (39/68)a

VOCs detected
Benzene

A

I

C4

C

C5

4

Formaldehyde

A

I

I

8

(9/11)b

(12/16)a

[107], [108]
[107]
[109]

I

Cumulative excess
cancer risk – air
Total Hazard Index –
air, subchronic
Total Hazard Index –
air, chronic
# health symptoms
reported
Dermal symptoms
(OR)
Upper respiratory
symptoms (OR)
Silica exposure
47%/ 79%
(% samples > PEL/REL)
Max 102

[107], [108]

[109]

3
A

Studies

[109], [7]

(8/12)a

C5

C

PAHs detected
Hydrogen Sulfide

2 km or
more
8 (45/59)b

C6

C5

Carbonyls detected

Noise levels (dB)

~0.5mi/1km ~1mi/2km

5-6 per
million

5-10 per
million

[7]

0.4 - 5

0.1 – 0.2

[7]

0.3 - 1

0.2 - 0.4

[7]

3.27

2.56

4.13

2.44

3.10

1.76

1.60

[110]

NS

Ref.

[110]

NS

Ref.

[110]
[112]

63 (Max:95)

Methane conc. in
GW (times ref. values)

54 (Max:80)

>6
6+

6
6

52 (Max:74)
Ref.

[113]
Ref.

[106]

VOC- Volatile Organic Compound; PAH – Polycyclic Aromatic Hydrocarbon; IRIS – Integrated Risk Information System;
ATSDR – Agency for Toxic Substances and Disease Registry; MRL – Minimum Risk Level; GW - Groundwater;
PEL – Permissible Exposure Limit; REL – Recommended Exposure Limit; OR – Odds Ratio; NS – Not statistically significant
a Chemicals detected in >50% of samples (# chemical detected/ # tested) [107]
b Chemicals detected in >90% of samples (# chemical detected/ # tested) [108]
Concentration exceeds ATDR MRL A Acute level
C Chronic level
I Intermediate Level
Excess IRIS cancer risk at

C4

1/10,000

C5

1/100,000

C6

1/1,000,000 level

#
#
Odds ratio (increased likelihood relative to a reference [“Ref.”] population)
Value times Ref. value
Chemicals
Health
Health
Exposures
GroundNo or
Moderate
Lesser
No
detected
risks (air)
outcomes
To Noise &
water risks
insufficient health risk
health risk
significant
(air)
(symptoms)
Dust
data
health risk
indicated

Occupational exposures are another category of exposure worth mentioning. Gas
industry workers are likely to have higher exposures to volatile chemicals, due to
their proximity to emissions sources. Additional health risks for workers and
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residents living close to well pads could result from worksite accidents; exposure to
airborne silicates (dust) from the mixing of frac sand [112]; and elevated noise levels,
which have been found to exceed 100 decibels (dB) at well pad sites during hydraulic
fracturing and that persist at lower levels (roughly 60-80 dB) for 60 days or more [88,
113-114]. The noise levels decrease as distance from well increases.

Methodology
Until more rigorous data on health outcomes, exposure pathways, risk of exposure,
and expected dosages become available, it is difficult to perform a detailed
assessment of health impact, especially in a prospective analysis. Furthermore, actual
risks of exposure depend strongly on both industry practices and regulations.
Instead, this study identifies the potential population at risk based on distance to
well pad locations identified in this study.
This study uses a buffer-analysis method to determine the approximate number of
people and houses within several distances of the well pad commonly cited in the
health literature. Using projected DRB well pad locations, we generated circular
buffer polygons of 1,000 and 2,000 feet; 0.5 and 1 mile; and 1,000 and 2,000 meters
in GIS software.
Figure 19 shows a map of the 0.5-mile and 1-mile buffers around well pads
superimposed on county and study area boundaries. The yellow buffers are for the
“concentrated” scenario. The red buffers show the additional area affected in the
“dispersed” scenario (all of the yellow areas are also included). Similar buffers were
created for 1,000 and 2,000 feet, and 1,000 and 2,000 meters.
Using the U.S. Census Bureau’s Census Block data (the finest resolution available) and
the associated 2010 Census housing and population counts, we computed the
expected population within each buffer distance. We also intersected the census
blocks with the buffer areas to determine overlap, and we determined population
and house counts based on an assumption of uniform density within blocks (a
reasonable assumption, since the blocks are relatively small). Finally, we performed
additional intersections with county and study area boundaries to determine the
distribution of potential impacts on populations.
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Figure 19.

Map of the 0.5-mile and 1-mile buffers around well pads superimposed on
county and study area boundaries. Most of the population within the
portion of the DRB with projected gas development would be within one
mile of a well pad. At smaller distances, a smaller population would be
affected. Except on a few fringes of the development area, there is not
much difference between the concentrated and dispersed scenarios.

Note: NYC WS Watershed – Watershed area of New York City water supply reservoirs.

68

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Results
Hydraulic fracturing gas development with multiple wells per pad results in
reasonably low overall well pad density, but fairly even distribution across the
landscape. This even spacing results in large areas within reasonably short distances
of the nearest wells. Figure 19 (previous page) illustrates the extensive portion of the
study areas within a mile of the nearest well pad. While the portion of the DRB with
well pads has few gaps in between well pads, the areas within a certain radius of well
pads are more important to consider in the context of the portions of the study areas
and the counties with population in the affected areas. Table 13 shows the area
within 0.5 mile and 1 mile of the well pads in square miles, and as a portion of the
study areas and most affected counties. The 0.5- and 1-mile distances are
representative of the closer and farther distances referenced in the literature (see
Table 12). As expected, the “dispersed” scenario results in more total area affected,
because there are more well pads developed.
Table 13.

Area within 0.5 mile and 1 mile well pad buffer, by county. The “dispersed”
scenario affects a larger area, but at 1 mile, the gap between scenarios
narrows. Units = square miles, % of county area.
Within 0.5 mile
Area
%

Within 1 mile
Area
%

County

Scenario

Wayne County, PA

Dispersed

362.1

48%

528.1

70%

Concentrated

221.6

30%

472.3

63%

Dispersed

37.8

5%

68.7

10%

Concentrated

24.2

3%

56.2

8%

Dispersed

80.4

5%

134.9

9%

Concentrated

52.3

4%

117.4

8%

130.0

13%

223.9

22%

72.1

7%

177.7

18%

751 sq. mi.
Broome County, NY
715 sq. mi.
Delaware County, NY
1,468 sq. mi.
Sullivan County, NY
997 sq. mi.

Dispersed
Concentrated

Figure 20 indicates the population (estimated by 2010 U.S. Census Block data) within
several radii common to health-assessment literature. The population is shown by
county and stacked to indicate cumulative population in the DRB. The adjacent bars
show the difference between the “concentrated” (left) and “dispersed” (right)
scenarios. Notably, at distances less than 1,000 meters, there is a significant
difference between the scenarios. At distances of 1 mile or more, there is less
difference between scenarios. Overall, 40,000–50,000 people live within about 1 mile
(or 2 km) of the projected well pad locations.
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Figure 20.

Population within several radii common to health-assessment literature.
The population living within several distances (cited in health risk literature)
of well pads depends on development scenario. At smaller distances,
more people are affected with the “dispersed” scenario. Most of the
population that could be affected lives in Wayne County, PA.

The majority of the population potentially affected lives in Wayne County, PA. For
this county, we also assessed the portion of residential buildings within these
distances using attributed building address points zoned as residential structures. In
Figure 21, the horizontal axis shows the distance from well pad (in feet), the left axis
shows total residential structures within that distance, and the right axis shows the
percentage of the residential structures in Wayne County represented. Note that no
structures are within 500 feet of any well pad based on exclusions used in siting the
projected well pads. Roughly 40 percent of the residential structures in Wayne
County would fall within one mile of a well pad.
These building level results contrast with the affected population results (slightly
less than 60 percent of Wayne County’s population of 52,000. The discrepancy may
be due to more persons per household in the affected area, or some of the residential
buildings being unoccupied or functioning as seasonal/vacation residences.
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Wayne County residential structures within x distance (ft) of a well pad
(total and percent of all county residential structures). Roughly 40 percent
of the residential structures in the county would fall within one mile of a
projected well pad location.

20000
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Residential structures

2000 m
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15000

1 mi
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10000

30%

0.5 mi

20%

5000

10%

0
0

2000

4000

6000

Percent of county total

Figure 21.

0%
8000

Distance from well pad in feet

Discussion
Within the portion of the DRB projected to have gas development in this study,
virtually the entire population falls within roughly one mile (or two kilometers) of the
potential well pad sites identified. In total, roughly 45,000 people in the basin are
within this distance, which can be compared to the population of nearby cities such
as Easton (27,000), Wilkes-Barre (41,000), Bethlehem (75,000), and Scranton (76,000).
At smaller buffer distances (e.g., 2,000 feet, 0.5 mile, or 1,000 meters) representing
the areas with most likely health impacts, less of the population is affected. At these
buffer distances, there is a significant difference in affected population between
scenarios. A smaller population is in close proximity to the wells in the
“concentrated” scenario (eight wells per pad). However, the likelihood, dosage, and
duration of exposure would likely be higher for those living within the smaller buffer
distances for the “concentrated” scenario, due to the greater intensity and duration
of gas extraction activities needed to develop eight wells per pad.
Chemical exposure may be higher still near other infrastructure not explicitly
considered in this study, including wastewater impoundments or storage facilities,
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centralized waste-treatment plants, and gas compressors and pumping equipment.
The longer-lived nature of these facilities and potential to handle material from
multiple well sites may increase potential exposures for populations living near
them. There may be some additional exposure to air pollutants, as well, due to
regional air transport from active gas development areas in other parts of the
Marcellus Shale, especially in Susquehanna, Bradford, and Wyoming Counties in
Pennsylvania.
These estimates of population at risk within the DRB may be an underestimate of
current and future population. The population estimates are based on the 2010
Census and include neither population change since that time, nor projected
population growth through the completion of natural gas development.
It is important to remember that the well pad locations are not explicit predictions,
so the exposure risks of specific properties should not be considered based on the
results or maps presented. Across the study areas and this portion of the DRB, the
calculated populations within the buffer distances give a reasonable first estimate of
populations with potential for different levels of exposures should drilling begin.
Finally, this study does not assess the likelihood of occupational or vehicle accidents,
spills, or the ability of the existing emergency response and healthcare systems to
handle potential surges in demand. These questions are important to preparedness
for local governments, but the projected population affected and maps of affected
areas do provide a first step in assessing these needs.
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Conclusions
This report presents an estimated projection of potential development of natural gas
within the Delaware River Basin, concentrating on three study areas. The actual level
of development would depend strongly on the actual production of the wells drilled
in the DRB and on the price of gas within the energy markets, which can fluctuate
rapidly. For the three study areas, we assessed potential environmental and health
impacts using the best current understanding and data on well development. The
results are intended to help decision-makers and the public understand the scale of
the potential consequences.
We project ultimate development of the DRB portion of the Marcellus Shale could be
as high as 4,000 wells, with development of up to about 500-1,000 well pads (based
on an average of 8 or 4 wells per pad). This development would be most
concentrated in Wayne County, PA. These estimates result from geospatial analysis
performed with publicly available information on land and geological characteristics
and on actual well-development data.
If natural gas development occurs as projected, natural gas infrastructure will
become a widespread and prominent feature of the landscape in the Upper DRB. The
repercussions of drilling and infrastructure-building activities would cover a broad
range of issue areas, including forest fragmentation, water withdrawal and
wastewater discharge, hydrologic and water-quality changes, air emissions, and
potential health impacts. There may be others that are not included in this report. At
a basic level, drilling rigs and truck traffic will have temporary effects near any one
well pad, but over a long build-out, they could become common within the basin. The
well pads, roads, and pipelines would most likely be long-term (30+ years)—or, in
some cases, permanent—features of the landscape. Similarly, management of water,
wastewater, and air emissions can create both short- and long-term impacts to the
region.
This report specifically investigated potential consequences
cover change, water and wastewater management, surface
quality, air emissions, and affected population in three study
considering significant projected well development. Key
following:
•

associated with land
water hydrology and
areas across the DRB,
findings include the

Land cover change: We found each well pad would cause on average 17-23
acres of land disturbance due to construction of well pads, roads, and
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pipeline rights-of-way. Pipeline construction would cause about 75 percent of
land disturbance. In the most heavily developed areas that would be fracked,
2-3 percent of total area would be affected. The land cover types in each case
study replaced by infrastructure include agriculture (43–63 percent) and
forests (24–46 percent). By extrapolating results for our study areas, we
estimate the total area required to fully develop the projected well pads,
roads, and gathering pipelines in the DRB is between 18 and 26 square miles.
•

Forest fragmentation: Pipelines and roads associated with gas development
could have a noticeable effect on forest habitat in the study areas. Despite
only clearing about 1 percent of forested area, the core forest area could
decline up to 10 percent, while edge forest could increase by up to 8 percent.
These changes have the potential to alter ecosystems and the relative
abundance of forest species.

•

Water withdrawal: If current water use and recycling trends hold, roughly
4.5 million gallons of water withdrawal would be needed for each well. These
withdrawals would amount to 1.3 million gallons per day if averaged across
the entire DRB over 30 years, but might reach 10 or more times higher during
a peak year. Withdrawals during peak years could remove up to 70 percent of
available flow from small streams during low-flow periods, but a negligible
portion of flow if the withdrawal occurs on mainstem rivers during averageflow conditions.

•

Wastewater discharge: Wastewater management would be an important
issue, due to the high pollutant loadings in untreated flowback and brines.
The amount of wastewater reuse, and types of treatment and disposal
methods used for natural gas wastewaters would have a strong influence on
the pollutant loadings that may enter the basin. If there were no wastewater
reuse and all wastewater were treated to exactly meet effluent standards, instream concentrations of barium and strontium could increase by up to 500
percent from baseline concentrations at low-flow periods. Total dissolved
solids, chloride, and sulfates would see smaller increases. Similar to water
withdrawals, the magnitude of these consequencess may vary considerably
by time and location, but these impacts would occur over a duration of 30
years.

•

Hydrology and surface water quality: Changes in land cover associated with
infrastructure development could lead directly to hydrologic and waterquality changes for the DRB. The initial land clearing could leave the
watershed especially vulnerable to increased upland erosion and
sedimentation loadings in the short-term (up to 140 percent increase over
baseline). Following development, the upland changes in runoff and erosion
would persist at lower levels (around 15 percent above baseline). The land
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cover changes would also change hydrology by increasing runoff by 1-3
percent during peak flow periods, and reducing groundwater recharge.
•

Air quality: Industrial processes associated with natural gas development
could produce emissions that would degrade the air quality in the DRB. In
addition to the contributions from well site–development and well
completion, the installation of compressor stations could present significant
increases (as much as doubling) in NOx emissions for three of the four DRB
counties. The contributions to VOC, SOx, and PM emissions from annual shale
gas development did not appear as significant compared to other activities in
these counties at the county-wide scale (note that this analysis did not look at
the potential impacts of these emissions at the local level). Development in
the DRB would contribute methane emissions from leakage throughout the
process, though small in the context of total emissions from the Marcellus
Shale.

•

Affected population: Due to the relatively even spacing of the projected well
pads in the DRB, a large percentage of the population in the affected area
would live within one mile of the nearest well, which may present certain
health risks, based on current scientific literature. At full development, about
45,000 people in the DRB would live within about one mile of the nearest
projected well pad location. Wayne County, PA would be most affected, with
30,000 people (nearly 60 percent of its population) potentially living within
one mile of a well pad. At smaller distances of about a half-mile, roughly
15,000 to 25,000 people in the DRB could be affected, depending on the
number of wells per pad. Increasing the number of wells per pad from four
to eight would reduce the population affected at the closest radii, but may
result in longer duration of some exposures due to more wells developed.

Of these findings, change in land cover and associated impacts to forests, hydrology,
and water quality appear the most difficult to avoid. The wastewater and air quality
risks could pose significant management challenges. The potential health impacts
require more study to understand extent and risk levels.
These findings do not cover the full range of potential impacts that may occur if gas
development does occur. Instead, the results offer an initial view of the overall level
and potential range of impacts. The development projections assume a high degree
of development that may never be reached, but the maximum-year development
projections for a given year are possible. The scenarios presented focus on
identifying conditions when the consequences may be highest and on what the
corresponding level of impact would be, averaged across a study area (either county
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or watershed). 8 In assessing risk, it is this type of information that is most useful for
planning.

8
Of note, this analysis does not account for the maximum potential impacts to sites that may
occur within the study areas as a result of locally high development densities, accidents, or
variations in practices by gas drilling operators. If development begins, the range of potential
impacts could be expected to vary widely through time and across geography.
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Appendix A: Chemicals in Natural
Gas Wastewaters
The “Impacts on Water and Wastewater Management” chapter investigates a limited
set of five contaminants that have effluent-discharge concentration limits under
Pennsylvania regulations[69] for wastewater treatment facilities built after 2010 that
treat natural gas wastewater. Analyses that have tested water quality of natural gas
wastewaters have documented the presence of many more potential contaminants. In
Table 14, we have assembled data from 13 studies on the concentrations of
contaminants in flowback and brine wastewaters.
The values for flowback and brine reported reflect the average of median values
across studies. The range reflects the low and high values reported in either flowback
or brine wastewater samples reported in the studies. There have also been some
studies of wastewater treatment plant effluent where effluent discharge
concentrations have been measured. We include these values in the final column, but
note that these facilities represent older industrial wastewater treatment plants that
are not required to meet the 2010 Pennsylvania regulations. For cells left blank, no
data were available.
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Table 14.

Pollutants measured in natural gas wastewaters. For cells left blank, no
data were available. Units = milligrams per liter, unless otherwise noted.

Metals

Halides
(salts)

Physical and Nutrients

Primary
(regulated)

Pollutant

Flowback

Brine

Range

Industrial
WW effluent

Total Dissolved Solids (TDS)

73,000

205,600

38,500 – 261,000

123,500

Chloride (Cl)

54,600

99,600

19,600 – 174,700

84,300

Barium (Ba)

1,017

8,281

4 – 84,300

20

Strontium (Sr)

1,187

5,225

350 – 4,800

2,005

Sulfate (SO4)

30

55

2.4 - 300

810

Turbidity

230

207

11 – 3,330

pH
Specific Conductance
[µmho/cm]
Alkalinity

6.6

6

4.7 - 7.2

138,000

300,800

6,800 – 710,000

138

70

49 - 327
<5 - 470

Acidity
Total Organic Carbon

62.8

984

4 – 19,250

Dissolved Organic Carbon
Chemical Oxygen
Demand
Biochemical Oxygen
Demand
Hardness (as CaCO3)

114

43

5 - 700

3100

8,530

195 – 71,000

100

448

37 - 2070

22,100

34,000

630 – 95,000

Ammonia (NH3 as N)

71

125

29 - 200

Total Kjehldahl Nitrogen

86

116

38 - 200

Nitrate (as N)

0.02

0 - 1.2

Nitrite (as N)

1.2

0.06 - 29.3

Total Phosphorus (as P)

1.3

0-8

Bromide (Br)

559

730

108 – 1,200

68

740

<0.05 - 50

Fluoride (F)
Iodide (I)

254

6.3

0.2 - 19.3

21
27,300

Sodium (Na)

23,500

37,700

10,700 – 95,500

Potassium (K)

49

351

2.4 - 351

Calcium (Ca)

7,280

16,900

1,400 – 23,500

13,950

Magnesium (Mg)

735

1,410

140 – 1,600

941

Boron (B)

12.2

3.1 - 97.9
0.005 - 151

Chromium (Cr)
5

9

1.9 - 18.6

Iron (Fe)

45.1

107

13.8 - 242

Lead (Pb)

0.01

Manganese (Mn)
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Hydrocarbons

Pollutant

NORM

Flowback

Brine

Range

Industrial
WW Effluent

Oil and Grease

24.2

Benzene [µg/L]

150

8

Ethylbenzene [µg/L]

53

5

Toluene [µg/L]

622

46

Xylene [µg/L]

699

32

Styrene [µg/L]

11

Naturally Occurring
Radioactive Materials
[pCi/L]

4.6 - 655

2460

Sources: [39-43, 62-68, 88]
Notes: µg/L = micrograms per liter; pCi/L = picocuries per liter;
µmho/cm = micromhos per centimeter
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Appendix B: Stream Gages
We used the following stream gages operated by the U.S. Geological Survey (USGS) to
develop streamflow statistics for the chapter of this report titled “Impacts on Water
and Wastewater Management.” Table 15 identifies the stream gages we used,
including their record length and drainage area. Table 16 presents several flow
statistics (especially low-flow statistics) that we used for computing water and
wastewater impacts. The flows are presented in units of million gallons per day, per
square mile.
Table 15.
Study
Area

USGS stream gages used in this study.
ID

Type a

USGS ID

1.1

Small
Stream

01426000

1.2

Mainstem

01426500

2.1

Small
Stream

01428750

2.2

Mainstem

01430000

3.1

Small
Stream

01427500

3.2

Mainstem

01427510

4

Mainstem

01434000

1

2

3

DRB

Name

Record
Length

Oquaga Creek at
Deposit, NY
West Branch Delaware
River at Hale Eddy, NY
West Branch
Lackawaxen River
near Aldenville, PA
Lackawaxen River near
Honesdale, PA

1940–
1973
1912 –
2013

(this
study)

Callicoon Creek at
Callicoon, NY
Delaware River at
Callicoon, NY
Delaware River at Port
Jervis, NY

1986–
2013
1948–
2013
1940–
1982,
2000–
2011
1975–
2013
1960–
2013

DA
(sq.mi)
67.6
595
40.6
164

110
1820
3070

Source: USGS, compiled by CNA.
a. Small stream gages have their drainage area (DA) entirely within the study areas; by
contrast, mainstem gages include some additional upstream area (except 01430000).
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Table 16.

Daily flow statistics for the stream gages used in this study. Units = million
gallons per day, per square mile.

Q7-10a

5% b

20% c

Median
(JAS)d

Median
(50%)

Average

1.1

0.017

0.034

0.105

0.147

0.459

1.010

1.2

0.056

0.106

0.228

0.657

0.566

0.950

2.1

0.096

0.132

0.287

0.362

0.732

1.379

2.2

0.053

0.091

0.229

0.279

0.631

1.163

3.1

0.037

0.071

0.176

0.235

0.511

1.039

3.2

0.194

0.259

0.362

0.434

0.558

1.058

4

0.164

0.282

0.366

0.426

0.636

1.061

ID

Source: USGS, calculations by CNA.
a. Lowest
b.

seven-day average flow expected to occur once every 10 years

Fifth percentile flow. Also referred to as the Q95

c. Twentieth
d.

percentile flow, also referred to as the Q80

JAS = July, August, September
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ABSTRACT
Drilling Deeper reviews the twelve shale plays that account for 82% of the tight oil production and 88% of the
shale gas production in the U.S. Department of Energy’s Energy Information Administration (EIA) reference
case forecasts through 2040. It utilizes all available production data for the plays analyzed, and assesses
historical production, well- and field-decline rates, available drilling locations, and well-quality trends for each
play, as well as counties within plays. Projections of future production rates are then made based on forecast
drilling rates (and, by implication, capital expenditures). Tight oil (shale oil) and shale gas production is found
to be unsustainable in the medium- and longer-term at the rates forecast by the EIA, which are extremely
optimistic.
This report finds that tight oil production from major plays will peak before 2020. Barring major new
discoveries on the scale of the Bakken or Eagle Ford, production will be far below the EIA’s forecast by 2040.
Tight oil production from the two top plays, the Bakken and Eagle Ford, will underperform the EIA’s reference
case oil recovery by 28% from 2013 to 2040, and more of this production will be front-loaded than the EIA
estimates. By 2040, production rates from the Bakken and Eagle Ford will be less than a tenth of that
projected by the EIA. Tight oil production forecast by the EIA from plays other than the Bakken and Eagle Ford
is in most cases highly optimistic and unlikely to be realized at the medium- and long-term rates projected.
Shale gas production from the top seven plays will also likely peak before 2020. Barring major new
discoveries on the scale of the Marcellus, production will be far below the EIA’s forecast by 2040. Shale gas
production from the top seven plays will underperform the EIA’s reference case forecast by 39% from 2014
to 2040, and more of this production will be front-loaded than the EIA estimates. By 2040, production rates
from these plays will be about one-third that of the EIA forecast. Production from shale gas plays other than
the top seven will need to be four times that estimated by the EIA in order to meet its reference case
forecast.
Over the short term, U.S. production of both shale gas and tight oil is projected to be robust—but a thorough
review of production data from the major plays indicates that this will not be sustainable in the long term.
These findings have clear implications for medium and long term supply, and hence current domestic and
foreign policy discussions, which generally assume decades of U.S. oil and gas abundance.
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Even as we've become less hooked on crude, we've become more addicted to drilling.
— Randy Udall (1951-2013)
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1.1 INTRODUCTION
In recent years Americans have been hearing that the United States is poised to regain its role as the world’s
premier oil and natural gas producer, thanks to the widespread use of horizontal drilling and hydraulic
fracturing (“fracking”). This “shale revolution,” we’re told, will fundamentally change the U.S. energy picture
for decades to come—leading to energy independence, a rebirth of U.S. manufacturing, and a surplus supply
of both oil and natural gas that can be exported to allies around the world. This promise of oil and natural gas
abundance is influencing climate policy, foreign policy, and investments in alternative energy sources.
The primary source for these rosy expectations of future production is the U.S. Department of Energy (DOE).
Each year the DOE’s Energy Information Administration (EIA) releases its Annual Energy Outlook (AEO)1,
which provides a range of forecasts for energy production, consumption, and prices.
The 2014 AEO reference case projects U.S. crude oil production to rise to 9.6 million barrels of oil per day
(MMbbl/d) in 2019 and slowly decline to 7.5 MMbbl/d by 2040, while natural gas production is projected to
grow for at least the next 25 years and hit 37.5 trillion cubic feet per year in 2040. Tight oil (shale oil) and
shale gas serve as the foundation for these optimistic forecasts.

Figure 1-1. History and EIA reference case forecast of U.S. oil and natural gas
production, 1960 to 2040.2
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This report provides an extensive analysis of actual production data from the top seven tight oil and seven
shale gas plays in the U.S. (These plays account for 89% of current tight oil production and 88% of current
shale gas production, and serve as the primary sources of future production in the EIA’s forecasts—82% of
forecast tight oil and 88% of forecast shale gas production through 2040.) It concludes that the current
boom in domestic oil and gas production is unsustainable at the rates projected by the EIA, and that the EIA’s
tight oil and shale gas forecasts to 2040 are extremely optimistic. What this means is that the country's
current energy policy—which is largely based on the expectation of domestic oil and natural gas abundance
far into the future—is badly misguided and is setting the country up for a painful, costly, and unexpected
shock when the boom ends.

1.2 ABOUT THE REPORT
Drilling Deeper: A Reality Check on U.S. Government Forecasts for a Lasting Shale Boom was authored by J.
David Hughes on behalf of Post Carbon Institute. The report investigates whether the EIA’s expectation of
long-term domestic oil and natural gas abundance is founded. It aims to gauge the likely future of U.S. tight
oil and shale gas production based on an in-depth assessment of actual well production data from the major
shale plays. The primary source of data for this analysis is Drillinginfo, a commercial database of well
production data widely used by industry and government, including the EIA.3 Drillinginfo also provides a
variety of analytical tools which proved essential for the analysis.
This analysis is based on all drilling and production data available through early- to mid-2014. The report
determined future production profiles given assumed rates of drilling, average well quality by area, well- and
field-decline rates, and the estimated number of available drilling locations. The plays analyzed (which
collectively account for 89% of current tight oil production and 88% of current shale gas production) are as
follows:
Tight Oil Plays4

Shale Gas Plays

Bakken (North Dakota and Montana)

Barnett (Texas)

Eagle Ford (Texas)

Haynesville (Louisiana and Texas)

Spraberry (Texas)

Fayetteville (Arkansas)

Wolfcamp (Texas and New Mexico)

Woodford (Oklahoma)

Bone Spring (Texas and New Mexico)

Marcellus (Pennsylvania and West Virginia)

Austin Chalk (Gulf Coast Region)

Bakken (North Dakota and Montana;
associated gas)

Niobrara (Colorado and Wyoming)

Eagle Ford (Texas; associated gas)
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The EIA’s Poor Track Record
Policymakers, media, investors, and the general public typically receive the Department of Energy’s EIA
forecasts with little to no circumspection, despite their poor track record. In 2011, the EIA was forced to
cut its estimates of technically recoverable shale gas in the Marcellus play by 80%1 and in Poland by
99%2 after the United States Geological Survey came out with much lower numbers. At the time of the
Marcellus downgrade, an EIA spokesperson said, “We consider the USGS to be the experts in this
matter… They’re geologists, we’re not. We’re going to be taking this number and using it in our model.”3
In early 2014, the EIA slashed its estimate of technically recoverable tight oil from California’s Monterey
Formation by a whopping 96%.4 Just three years previously, the agency had estimated it held fully twothirds of all U.S. tight oil. The author of the original EIA estimate, INTEK Inc., admitted that it had been
derived from oil company presentations rather than hard data.5 The EIA’s downgrade occurred after this
report’s author, J. David Hughes, published an analysis six months earlier that showed—using actual
production data from the Monterey Formation—that the EIA’s estimates were wildly optimistic.6

Initial EIA estimates of shale resources vs. revised estimates.

DRILLING DEEPER

5

PART 1: EXECUTIVE SUMMARY

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

1.3 KEY FINDINGS
The seven tight oil plays and seven shale gas plays analyzed in this report account for 82% of projected tight
oil production and 88% of projected shale gas production through 2040 in the EIA’s Annual Energy Outlook
2014 reference case forecast. A detailed analysis of well production data from these plays resulted in these
key findings:
1) Tight oil production from major plays will peak before 2020. Barring major new discoveries on the
scale of the Bakken or Eagle Ford, production will be far below EIA’s forecast by 2040.
a) Tight oil production from the two top plays, the Bakken and Eagle Ford, will underperform EIA’s
reference case oil recovery by 28% from 2013 to 2040, and more of this production will be frontloaded than the EIA estimates.
b) By 2040, production rates from the Bakken and Eagle Ford will be less than a tenth of that
projected by EIA.
c) Tight oil production forecast by the EIA from plays other than the Bakken and Eagle Ford is in
most cases highly optimistic and unlikely to be realized at the rates projected.
2) Shale gas production from the top seven plays will likely peak before 2020. Barring major new
discoveries on the scale of the Marcellus, production will be far below EIA’s forecast by 2040.
a) Shale gas production from the top seven plays will underperform EIA’s reference case forecast
by 39% from 2014 to 2040 period, and more of this production will be front-loaded than EIA
estimates.
b) By 2040, production rates from these plays will be about one-third that of the EIA forecast.
c) Production from shale gas plays other than the top seven will need to be four times that
estimated by EIA in order to meet its reference case forecast.
3) Over the short term, U.S. production of both shale gas and tight oil is projected to be robust—but a
thorough review of the production data indicate that this will be unsustainable in the longer term.
These findings have clear implications for current domestic and foreign policy discussions, which
generally assume decades of U.S. oil and gas abundance.
Other factors that could limit production are public pushback as a result of health and environmental
concerns, and capital constraints that could result from lower oil or gas prices or higher interest rates. As
such factors have not been included in this analysis, the findings of this report represent a “best case”
scenario for market, capital, and political conditions.
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1.3.1 Tight Oil
The analysis shows that U.S. tight oil production cannot be maintained at the levels assumed by the EIA
beyond 2020. The top two plays—Bakken and Eagle Ford—which account for more than 60% of current
production, are likely to peak by 2017 and the remaining plays will make up considerably less of future
production than has been forecast by the EIA. Rather than a peak in 2021 followed by a gradual decline to
slightly below today’s levels by 2040, total U.S. tight oil production is likely to peak before 2020 and decline
to a small fraction of today’s production levels by 2040.



The 3-year average well decline rates in the seven plays analyzed for this report (which collectively
provide 89% of current U.S. tight oil production) range from 60% to 91%.



The high decline rates of tight oil wells in these plays means that 43% to 64% of their estimated
ultimate recovery (EUR) is recovered in the first three years.



Field declines from the Bakken and Eagle Ford are 45% and 38% per year, respectively (this
compares to 5% per year for large conventional fields). This is the amount of production that must be
replaced each year with more drilling in order to maintain production at current levels (field decline is
made up of all wells in a play—old and new—and hence is lower than first-year well declines).



Based on production history, drilling locations, and declining well quality, this report found that 98%
of the EIA’s projected production from these seven plays has a “high” or “very high” optimism bias.
Play

Average 3-Year Well
Decline Rate

Optimism Bias Rating of
EIA’s Forecast

Bakken

85%

High

Eagle Ford

79%

High

Spraberry

60%

Very High

Wolfcamp

81%

High

Bone Spring

91%

Low

Austin Chalk

85%

Very High

Niobrara

90%

High



The EIA assumes that the equivalent of 100% of proved reserves and between 65% and 85% of its
“unproved technically recoverable tight oil resources” will be recovered by 2040 for the plays
analyzed. Considering that unproved, technically recoverable resources have no price constraints
and only loose geological constraints, this is highly speculative.



The EIA assumes that the U.S. will exit 2040 with tight oil production at levels only marginally less
than today, at 3.2 MMbbl/d. A thorough analysis of the well production data suggests this is highly
optimistic.
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The EIA’s forecast of the timing of peak production in the Bakken and Eagle Ford is similar to this
report, as is the rate of peak production.



The EIA forecasts a much higher tail after peak production, with recovery of 19.2 billion barrels
between 2012 and 2040, as opposed to 13.9 billion barrels forecast in this report.



The EIA forecasts collective production from the Bakken and Eagle Ford to be a little over 1 million
barrels per day in 2040. In contrast, the “Most Likely” drilling rate scenario presented in this report
forecasts that production will fall to about 73,000 barrels per day by 2040.

Figure 1-2. Bakken and Eagle Ford plays projected cumulative oil production from 2012
to 2040 and daily oil production in 2040, EIA projection5 versus this report’s projection.
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To meet the EIA’s forecasts, all other plays together would need to produce over twice as much
through 2040 as what is projected for the Bakken and Eagle Ford.

Figure 1-3. “Most Likely” scenario projections of oil production for the Bakken and
Eagle Ford plays6 with the remaining amount of production that would be required from
other plays to meet the EIA’s total reference case forecast.7
The EIA forecasts 43.6 billion barrels of U.S. tight oil will be recovered from 2012 to 2040. After subtracting
the 13.9 billion barrels projected by this report for the Bakken and Eagle Ford, 29.7 billion barrels would
remain to be produced from all other tight oil plays—5.3 billion barrels more than the EIA’s already optimistic
forecast for these plays.
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The major remaining tight oil plays are the three Permian Basin plays—Spraberry, Wolfcamp, and
Avalon/Bone Spring—plus the Austin Chalk and the Niobrara. EIA forecasts expect these plays to
produce four to five times their historical production in the next 26 years, but this is highly
questionable, considering that:
-

These plays are already 40-60 years old, with tens of thousands of wells already drilled.

-

The Permian Basin plays’ average initial well productivities are half or less the average of core
counties in the Bakken or Eagle Ford.

-

The Bakken and Eagle Ford’s average estimated ultimate recovery (EUR) per well is two to more
than six times higher than that of these other plays.

Figure 1-4. Estimated ultimate recovery (EUR) of oil and gas per well of reviewed plays,
on a “barrels of oil equivalent” basis.8
The Bakken’s and Eagle Ford’s EURs per well are two to more than six times the EURs per well of the other
five plays. If only horizontal wells are considered, the Bakken and Eagle Ford EURs per well are 39% to 141%
higher than those of the other five plays (see discussion in Section 2).
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1.3.2 Shale Gas
The EIA now projects domestic gas production to reach nearly 38 trillion cubic feet per year by 2040, which is
55% above 2013 levels. The bulk of this production growth would come from shale gas.
This analysis shows that simply maintaining U.S. shale gas production in the medium term—let alone
increasing production at rates forecast by the EIA through 2040—will be problematic. Four of the top seven
shale gas plays are already in decline. Of the major plays, only the Marcellus, Eagle Ford, and Bakken (the
latter two are tight oil plays producing associated gas) are growing; and yet, the EIA reference case gas
forecast calls for plays currently in decline to grow to new production highs, at moderate future prices.
Although significantly higher gas prices needed to justify higher drilling rates could temporarily reverse
decline in some of these plays, the EIA forecast is unlikely to be realized.



The 3-year average well decline rates in the seven plays analyzed for this report (which collectively
provide 88% of U.S. shale gas production) ranges between 74% and 82%.



The average field decline rates for these plays ranges between 23% and 49%, meaning that between
one-quarter and one-half of all production in each play must be replaced each year in order to simply
maintain current production.



Although the EIA forecast for the Marcellus play is rated as “reasonable” and its forecast for the
Bakken play is rated “conservative,” the deficit left by being “very highly optimistic” on some of the
other plays makes finding and developing the gas required to meet the overall forecast unlikely.



Play

Average 3-Year Well
Decline Rate

Average First-Year
Field Decline Rate

Optimism Bias Rating
of EIA’s Forecast

Barnett

75%

23%

Very High

Haynesville

88%

49%

Very High

Fayetteville

79%

34%

Very High

Woodford

74%

34%

High

Marcellus

74-82%

32%

Reasonable

Eagle Ford

80%

47%

Very high

Bakken

81%

41%

Conservative

Because productivity of shale wells declines rapidly, many new wells must be drilled just to maintain
existing production levels. Of the top shale gas plays, only the Marcellus, Eagle Ford, and Bakken are
currently seeing enough drilling to maintain and grow production.
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Major shale gas plays are variable in well quality. The Marcellus and Haynesville are much more
productive on average than the other plays analyzed in this report. Even within plays, well quality
varies considerably.

Figure 1-5. Average first-year gas production per well in 2013 from horizontal wells both
play-wide and in the top-producing county for the plays analyzed in this report.9
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Despite years of concerted efforts and claims that technological innovation can overcome steep well
decline rates and the move from “sweet spots” to lower quality parts of plays, average well
productivity has gone flat in all major shale gas plays except the Marcellus.

Figure 1-6. Average production over first twelve months per well for major U.S. shale gas
plays.10



Approximately 130,000 additional shale gas wells will need to be drilled by 2040 to meet the
projections of this report, on top of the 50,000 wells drilled in these plays through 2013. Assuming
an average well cost of $7 million, this would require $910 billion of additional capital input by 2040,
not including leasing, operating, and other ancillary costs.
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The EIA assumes that 74% to 110% of its “unproved technically recoverable resources” plus “proved
reserves” will be recovered by 2040 for the seven major plays analyzed. Considering that unproved,
technically recoverable resources have no price constraints and only loose geological constraints,
this is highly speculative.



This analysis found that the EIA reference case forecast for the top seven shale gas plays
overestimates cumulative production through 2040 in this report’s “Most Likely” scenario by 64%.



The EIA further estimates that in 2040, shale gas production from the seven plays analyzed will be
182% higher (nearly 3 times) than estimated in this report—and that by 2040, another 49.6 Tcf will
have been recovered from other plays not analyzed in this report.

Figure 1-7. Totaled “Most Likely Rate” scenarios for the seven plays analyzed in this
report, compared to the EIA’s reference case forecast for these plays and for all
plays.11,12
The “Most Likely Rate” scenario projections here are made on a “dry gas” basis. Also shown are the EIA’s gas
production statistics from its Natural Gas Weekly Update,13 which contradict the early years of its AEO 2014
forecast.
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In this report’s “Most Likely” scenario, cumulative dry shale gas production over the 2014-2040
period is 229.5 trillion cubic feet (Tcf)—46% lower than the EIA Reference Case (377 Tcf).



In this report’s “Most Likely” scenario, shale gas production from the seven plays analyzed peaks in
the 2016-2017 timeframe and declines by more than half, to 14.8 billion cubic feet per day (Bcf/d)
by 2040. In contrast, the EIA expects production from these plays to keep growing through 2040,
with shale gas production in that year at 41.8 Bcf/d—nearly three times higher than this report finds
justifiable.

Figure 1-8. Projected cumulative gas production to 2040 and daily gas production in
2040, EIA projection14 versus this report’s projection.
The values given here are for the seven plays analyzed in this report. These plays constitute 88% of
cumulative U.S. shale gas production from 2014 to 2040 in the EIA’s reference case forecast.
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1.4 IMPLICATIONS
This report shows that the EIA’s optimistic forecasts for future U.S. tight oil and shale gas production are
based on a set of false premises, namely that:


High-quality shale plays are ubiquitous, and there will be always be new discoveries and production
from emerging plays to fill the gap left by declining production from major existing plays.



Technological advances can overcome steep decline rates and declining well quality as drilling
moves from sweet spots to poorer quality rock, in order to maintain high production rates.



Large estimated resources underground imply high and durable rates of extraction over decades.

Actual production data from the past decade of shale gas and tight oil drilling clearly do not support these
assumptions. Unfortunately, the EIA’s rosy forecasts have led policymakers and the American public to
believe a number of false promises:


That cheap and abundant natural gas supplies can create a domestic manufacturing resurgence and
millions of new jobs over the long term.15



That abundant domestic oil and natural gas resources justify lifting the oil export ban (imposed 40
years ago after the Arab oil embargo)16 and fast-tracking approval of liquefied natural gas (LNG)
export terminals.17



That the U.S. can use its newfound energy strength to shift geopolitical trends in our long-term
favor.18



That we can easily limit carbon dioxide emissions from power plants as a result of natural gas
replacing coal as the primary source of electricity production.19

The promises associated with the expectation of robust and relatively cheap shale gas and high-cost but
rising tight oil production have also led to a tempering of investments in renewable energy and nuclear
power.20 If, as this report shows, these premises and promises are indeed false, the implications are
profound. It calls into question plans for LNG and crude oil exports and the benefits of the shale boom in light
of the amount of drilling and capital investment that would be required, along with the environmental and
health impacts associated with it. Conventional wisdom holds that the shale boom will last for decades,
leaving the U.S. woefully unprepared for a painful, costly, and unexpected shock when the shale boom winds
down sooner than expected. Rather than planning for a future where domestic oil and natural gas production
is maintained at current or higher levels, we would be wise to harness this temporary fossil fuel bounty to
quickly develop a truly sustainable energy policy—one that is based on conservation, efficiency, and a rapid
transition to distributed renewable energy production.
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2.1

INTRODUCTION

2.1.1 Overview
The widespread adoption of hydraulic fracturing (“fracking”) and horizontal drilling in the United States to
extract oil and natural gas from previously inaccessible shale formations has been termed the “shale
revolution.” In just the last few years, U.S. oil production—universally held to be in terminal decline a mere
decade ago—has grown rapidly and significantly thanks to oil produced from shales (“tight oil”). The U.S.
Energy Information Administration (EIA) now projects domestic oil production to reach the previous 1970
peak of 9.6 million barrels per day (MMbbl/d) by 2019 and decline gradually to 7.5 MMbbl/d by 2040.1
The environmental, health, and quality of life impacts of shale development have stoked controversy across
the country. In contrast, the expectation of long-term domestic oil abundance—driven by optimistic forecasts
from industry and government—has been widely reported and little questioned, despite the myriad economic
and policy consequences.
This report investigates whether the EIA’s expectation of long-term domestic oil abundance is founded. It
aims to gauge the likely future production of U.S. tight oil, based on an in-depth assessment of actual well
production data from the major shale plays. It determines future production profiles given assumed rates of
drilling, average well quality by area, well- and field-decline rates, and the estimated number of available
drilling locations. This analysis is based on all drilling and production data available through early- to mid2014.
The analysis shows that U.S. tight oil production cannot be maintained at the levels assumed by the EIA
beyond 2020. The top two plays, which account for more than 60% of production, are likely to peak by 2017
and the remaining plays will make up considerably less of future production than has been forecast by the
EIA. Rather than a peak in 2021 followed by a gradual decline to slightly below today’s levels by 2040, U.S.
tight oil is likely to peak before 2020 and decline to a small fraction of today’s production levels by 2040.
The analysis also underscores the amount of drilling, the amount of capital investment, and the associated
scale of environmental and community impacts that will be required to meet these projections. These
findings call into question plans for crude oil exports and highlight the real risks to long-term U.S. energy
security.
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INTRODUCTION

2.1.2 Methodology
This report analyzes the top two U.S. tight oil plays—the Bakken and the Eagle Ford—in depth, followed by an
assessment of five additional tight oil plays that make up most of the balance of the EIA’s tight oil forecasts
in its 2014 Annual Energy Outlook (AEO 2014).
The Bakken and Eagle Ford are investigated in depth as they account for nearly two-thirds of U.S. tight oil
production and now have an extensive drilling history with which to assess key parameters; the report
develops projections of their likely production levels given various scenarios of drilling and investment. The
other tight oil plays are assessed based on their drilling and production history in comparison to the EIA
forecasts of future production; they differ from the Bakken and Eagle Ford in that most of them have a long
history of conventional oil and gas production stretching back decades. In total, all these plays account for
82% of the 2014-2040 tight oil production in the EIA’s reference case forecast, and hence provide a solid
basis for assessing its credibility. The remaining 18% comes from a number of smaller plays whose ultimate
contribution remains highly speculative.
The primary source of data for this analysis is Drillinginfo, a commercial database of well production data
widely used by industry and government, including the EIA.2 Drillinginfo also provides a variety of analytical
tools which proved essential for the analysis.
A detailed analysis of well production data for the major tight oil plays reveals several fundamental
characteristics that will determine future production levels:
1. Rate of well production decline: Tight oil plays have high well production decline rates, typically in the
range of 80-85% in the first three years.
2. Rate of field production decline: Tight oil plays have high field production declines, typically in the
range of 40-45% per year, which must be replaced with more drilling to maintain production levels.
This compares to field declines in the range of 5-6% per year in major conventional oil fields.3
3. Average well quality: All tight oil plays invariably have “core” areas or “sweet spots”, where individual
well production is highest and hence the economics are best. Sweet spots are targeted and drilled
off early in a play’s lifecycle, leaving lesser quality rock to be drilled as the play matures (requiring
higher oil prices to be economic); thus the number of wells required to offset field decline inevitably
increases with time. Although technological innovations including longer horizontal laterals, more
fracturing stages, more effective additives and higher-volume frack treatments have increased well
productivity in the early stages of the development of all plays, they have provided diminishing
returns over time, and cannot compensate for poor quality reservoir rock.
4. Number of potential wells: Plays are limited in area and therefore have a finite number of locations
to be drilled. Once the locations run out, production goes into terminal decline.
5. Rate of drilling: The rate of production is directly correlated with the rate of drilling, which is
determined by the level of capital investment.
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The basic methodology used is as follows:


Historical production, number of currently producing- and total-wells drilled, the split between
horizontal- and vertical/directional-wells, and the overall play area were determined for all plays.
Average well production decline for both horizontal and vertical/directional wells, and the average
estimated ultimate recovery (EUR), were also assessed for all plays. For the Bakken and Eagle Ford,
these parameters were assessed at the county- as well as at the play-level (the top counties in terms
of the number of producing wells were analyzed individually, whereas counties with few wells were
aggregated).



Field decline rates and the number of available drilling locations were determined at the county- and
play-level for the Bakken and Eagle Ford.



First-year average production was established from type decline curves (i.e., average well decline
profiles) constructed for all wells drilled in the year in question; 2013 was the year used as
representative of future average first-year production levels per well. Average first-year production is
used to determine the number of wells needed to offset field decline each year, and to determine the
production trajectory over time given various drilling rates. In determining future production rates,
the current trends in well productivity over time were considered; for example if recent well quality
trends were increasing, it was assumed for plays in early stages of development that well quality
would increase somewhat in the future before declining as drilling moves into lower quality outlying
portions of plays.



Projections of future production profiles were made for the Bakken and Eagle Ford based on various
drilling rate scenarios. These projections assume a gradation over time from the well quality
observed in the current top counties of a play to the well quality observed in the outlying counties as
available drilling locations are used up. The different drilling rate scenarios were prepared so that the
effect of a high drilling rate, presumably due to favorable economic conditions, compared to a low or
a “most likely” drilling rate, could be assessed, both in terms of production over time and cumulative
oil recovery from the play by 2040.



Production history for all plays and production projections (in the case of the Bakken and Eagle Ford)
were then compared to the EIA forecasts to assess the likelihood that these forecasts could be met.



All plays were then compared to each other in terms of well quality and other parameters and an
overall assessment of the likely long-term sustainability of tight oil production was determined.

Although public pushback against fracking due to health and environmental concerns has limited access to
drilling locations in states like New York and Maryland and several municipalities, as well as triggered
lawsuits, this report assumes there will be no restrictions to access due to environmental concerns. It also
assumes there will be no restrictions on access to the capital required to meet the various drilling rate
scenarios. In these respects, it presents a “best case,” as any restrictions on access to drilling locations or to
the capital needed to drill wells would reduce forecast production levels.
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2.2

THE CONTEXT OF U.S. OIL PRODUCTION

2.2.1 U.S. Oil Production Forecasts
The EIA’s Annual Energy Outlook 2014 provides various scenarios of future U.S. oil production, as well as
price projections and stated assumptions in terms of available technically recoverable reserves and
resources, play areas, well productivity, and so forth.
Figure 2-1 illustrates the range of the EIA’s oil production forecasts through 2040 compared to historical
production. Most scenarios project the U.S. to meet or exceed its all-time peak production, which occurred in
1970. These scenarios assume cumulative production of between 77 and 123 billion barrels of oil between
2013 and 2040, which is 2.7-4.2 times the proved reserves (i.e., economically recoverable with current
technology) that were thought to exist as of 2012.4 Adding in unproved resources, which are uncertain
estimates without price constraints, between a third and a half of remaining potentially recoverable oil in the
U.S. will be consumed over the next 26 years according to the EIA projection. This amounts to the equivalent
of 54-84% of all the oil produced over the 54 years between 1960 and 2013.

Figure 2-1. Scenarios of U.S. oil production through 2040 from the EIA’s Annual Energy
Outlook 2014,5 compared to historical production from 1960.
Oil production includes both crude oil and lease condensates.
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THE CONTEXT OF U.S. OIL PRODUCTION

The source of this optimism in future oil production is the application of high-volume, multi-stage, hydraulic
fracturing technology in horizontal wells, which has unlocked previously inaccessible oil trapped in highly
impermeable shales and tight source rocks. Figure 2-2 illustrates the EIA’s reference case projection for oil
production by source through 2040. Although conventional production is forecast to be flat or declining over
the period, tight oil production increases rapidly to a peak early in the next decade, amounting to roughly half
of all U.S. oil production. Oil prices in this reference case are forecast to remain below $140 per barrel over
the period. Notwithstanding talk of U.S. energy independence, this scenario implies that U.S. oil production,
even with tight oil, will amount to only 40% of projected 2040 demand.

Figure 2-2. EIA reference case projection of U.S. oil production by source through 2040.6
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THE CONTEXT OF U.S. OIL PRODUCTION

Figure 2-3 illustrates EIA’s projections for tight oil production in several cases. These assume the extraction
of between 37 (low oil price case) and 47 billion barrels (high oil price case) by 2040. This amounts to all of
the 7.15 billion barrels of proved tight oil reserves and between 50% and 67% of the EIA’s estimated 59.2
billion barrels of unproved tight oil resources (unproved resources have no implied price required for
extraction and are highly uncertain, as evidenced by the EIA’s recent 96% downgrade of resources in the
Monterey Shale of California7).

Figure 2-3. EIA scenarios of U.S. tight oil production through 2040.8
According to the EIA, proved reserves of tight oil are 7.15 billion barrels and unproved technically
recoverable resources are estimated at 59.2 billion barrels, as of January 1, 2012.9
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THE CONTEXT OF U.S. OIL PRODUCTION

Figure 2-4 illustrates how the EIA reference case projections for tight oil production are divided between the
Bakken, the Eagle Ford, and all other plays.

Figure 2-4. EIA reference case projection of tight oil production divided among Bakken,
Eagle Ford, and all other plays, 2011-2040.10
This report analyzed the seven most productive plays, which account for 82% of EIA’s tight oil production
forecast to 2040.

The EIA reference case clearly expects the Bakken and Eagle Ford to provide a slowly declining but significant
foundation of tight oil production for the next few decades. The Bakken and Eagle Ford are relatively new
plays, with substantial tight oil resources that have only recently been unlocked by directional drilling and
hydraulic fracturing.
Tight oil production in all these plays has risen quickly due to rapid increases in drilling rates and sustained
high levels of capital input. However, high well- and field-decline rates, coupled with a finite number of drilling
locations, suggest that production will drop off sharply when sweet spots are depleted; therefore, the
projected long slow production decline of these plays warrants further scrutiny. Section 3 of this report
explores the realistic production potential for the Bakken and Eagle Ford in depth.
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THE CONTEXT OF U.S. OIL PRODUCTION

The remainder of tight oil production is expected to come from seven major plays as well as numerous
emerging plays, as illustrated in Figure 2-5.

Figure 2-5. EIA reference case projections of tight oil production from plays other than
the Bakken and Eagle Ford, through 2040.11
Of the Permian Basin plays, only the top three are labeled here; the remaining are minor plays included in
“Other.”

Unlike the Bakken and Eagle Ford, most of these plays have been known for a long time; their growing
production reflects the successful application of new technology to extract additional resources. They are
projected by the EIA to account for two-thirds of tight oil production in 2040; therefore, sustained production
projected from these mature plays warrants further scrutiny. Sections 2.4 and 2.5 of this report explore the
realistic production potential of these plays in depth.
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THE CONTEXT OF U.S. OIL PRODUCTION

2.2.2 Current U.S. Tight Oil Production
Production of tight oil began in the Bakken Field of Montana and North Dakota in the early 2000s. With the
widespread application of horizontal drilling and hydraulic fracturing beginning in 2005, production grew
rapidly. The Eagle Ford Field of southern Texas was unknown as recently at 2007, and now is the single
largest producer of tight oil in the U.S. The distribution of tight oil and shale gas plays in the lower 48 states
is illustrated in Figure 2-6.

Figure 2-6. Distribution of lower 48 states shale gas and oil plays.12
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THE CONTEXT OF U.S. OIL PRODUCTION

Current production from U.S. tight oil plays is estimated by the EIA at 3.7 MMbbl/d. Despite the apparent
widespread nature of shale plays as shown in Figure 4, 62% of this production comes from just the top two
plays: the Bakken and Eagle Ford. A further 25% comes from the five plays of the Permian Basin in Texas
and New Mexico. Figure 2-7 illustrates tight oil production by play from 2000 through May, 2014, according
to the EIA.

Figure 2-7. U.S. tight oil production by play, 2000 through May 2014.13
The Permian Basin, which is made up of several plays (the largest of which are noted), is the third largest
projected source of tight oil.
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2.3

THE BAKKEN AND EAGLE FORD PLAYS

This report investigates the Bakken play and Eagle Ford play in depth because they are the foundation of the
U.S. tight oil “shale revolution.” They are the two most productive U.S. tight oil plays, accounting for 62% of
current production, and are projected to account for over half of total tight oil production well into the next
decade.
Moreover, the Bakken and Eagle Ford are new tight oil plays, having only recently been unlocked by
directional drilling and fracking. In comparison, most of the other major U.S. tight oil plays are decades old
with tens of thousands of conventional wells. Thus, the Bakken and Eagle Ford are the best representatives
of what may be expected from future tight oil discoveries.
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THE BAKKEN AND EAGLE FORD PLAYS

2.3.1 Bakken Play
The EIA forecasts recovery of 8.8 billion barrels of oil from the Bakken play by 2040. The analysis of actual
production data presented below suggests that this forecast is unlikely to be realized.
The Bakken play is where tight oil production got its start—first in the Elm Coulee Field of Montana, then in
the western counties of North Dakota. The Bakken Formation is underlain by the Three Forks Formation,
which is also productive and is separated from the Bakken by as little as 30 feet. The analysis herein
encompasses both the Bakken and Three Forks.
The U.S. Geological Survey (USGS) produced a new assessment of the Bakken and Three Forks in 2013 in
which they estimated a mean technically recoverable resource of 7.4 billion barrels.14 They broke the play
into six “assessment units” (AUs) as illustrated in Figure 2-8. The EIA has apparently used this breakdown in
its estimates of the play area used to calculate an unproved recoverable resource of 9.2 billion barrels (54%
of which are in the Three Forks Formation) in its 2014 reference case; however, it does not provide an
updated map showing the areas it has included.15 In the EIA’s analysis, the Bakken play is comprised of five
contiguous units totaling 14,594 square miles plus a single underlying Three Forks unit totaling 17,652
square miles (USGS areas for these units, shown in Figure 2-8, are somewhat larger).

Figure 2-8. USGS demarcation of Bakken and Three Forks tight oil assessment units.16
The USGS demarcates five contiguous Bakken units and one underlying, much larger, Three Forks unit.
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THE BAKKEN AND EAGLE FORD PLAYS

Figure 2-9 illustrates the distribution of wells in the Bakken as of early 2014. Over 9,200 wells have been
drilled to date, of which 8,534 were producing oil at the time of writing. Although the play covers parts of 15
counties, most drilling is concentrated in McKenzie, Mountrail, Dunn, Williams, and Divide counties in North
Dakota and Richland County in Montana. The functional prospective limits of the play are well defined by
wells with little or no productivity, and encompass approximately 12,700 square miles; this is a markedly
smaller area than the play area demarcated by the EIA.

Figure 2-9. Distribution of wells in the Bakken play as of mid-2014 illustrating highest
one-month oil production (initial productivity, IP),17 with EIA play boundary.18
The size of the Bakken play as defined by the extent of where productive drilling has actually occurred is
approximately 12,700 square miles, in contrast to the much larger area designated as the play by the EIA
(2011). Well IPs are categorized approximately by percentile; see Appendix.

The case for such a smaller Bakken play area than what the EIA and USGS claim is further underlain by
observing where operators actually have acreage and where drilling is occurring. For example, the
leaseholdings of Continental Resources, one of the largest operators in the Bakken, are notably concentrated
in the productive area of the play.19
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THE BAKKEN AND EAGLE FORD PLAYS

Figure 2-10. Detail of Bakken play showing distribution of wells as of early 2014, and
illustrating highest one-month oil production (initial productivity, IP),20 with EIA play
boundary.21
The top six producing counties are indicated. Well IPs are categorized approximately by percentile; see
Appendix.
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THE BAKKEN AND EAGLE FORD PLAYS

Production in the Bakken was nearly one million barrels of oil per day and 1.1 billion cubic feet of gas per day
at the time of writing, as illustrated in Figure 2-11.22 Gas production is expressed in Figure 2-11 as barrels of
oil equivalent (6,000 cubic feet of gas equals approximately one barrel of oil on an energy equivalent basis).
Ninety-eight percent of this production is from horizontally drilled, hydraulically fractured (“fracked”) wells.
The rate of drilling has grown from about 500 wells per year in 2009 to about 2,000 wells per year in mid2012, where it has remained.

Figure 2-11. Bakken play tight oil and gas production and number of producing wells,
2003 to 2014.23
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THE BAKKEN AND EAGLE FORD PLAYS

The amount of oil added to total play production by each new well has been declining since early 2012 as
illustrated in Figure 2-12.This is due to the fact that the higher production grows, the more intrinsic decline
must be offset by new wells.

Figure 2-12. Annual oil production added per new well and annual drilling rate in the
Bakken play, 2009 through 2014.24
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The first key fundamental in determining the life cycle of Bakken production is the well decline rate. Bakken
wells exhibit high decline rates in common with all shale plays. Figure 2-13 illustrates the average decline
profile of Bakken horizontal wells. Decline rates are steepest in the first year and are progressively less in the
second and subsequent years. The average decline rate over the first three years of well life is 85%.

Figure 2-13. Average decline profile for horizontal tight oil wells in the Bakken play.25
Decline profile is based on all horizontal tight oil wells drilled since 2009.
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THE BAKKEN AND EAGLE FORD PLAYS

The second key fundamental is the overall field decline rate, which is the total amount of production in a
given play that would be lost in a year without more drilling. Figure 2-14 illustrates production from the 5,300
wells drilled in the Bakken prior to 2013. The field decline rate of the first year without new drilling is 45%.
This is lower than the well decline rate as the field decline is made up of new wells, declining at high rates,
and older wells, declining at lesser rates. The field decline has been relatively constant at 45% for the past
three years in the Bakken. Assuming new wells will produce in their first year at the first-year rates observed
for wells drilled in 2013, 1,470 new wells would need to be drilled each year to offset field decline at current
production levels. At an average cost of $8 million per well,26 this would represent a capital input of about
$11.8 billion per year, exclusive of leasing, operating, and other infrastructure costs, just to keep production
flat at 2013 levels.

Figure 2-14. Production rate and number of horizontal tight oil wells in the Bakken play
prior to 2013.27
In order to offset the 45% field decline rate, 1,470 new wells per year producing at 2013 levels would be
required.
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The third key fundamental is the trend of average well quality over time. Petroleum engineers tell us that
technology is constantly improving, with longer horizontal laterals, more frack stages per well, more
sophisticated mixtures of proppants and other additives in the frack fluid injected into the wells, and highervolume frack treatments. This has certainly been true over the past few years, which, along with multi-well
pad drilling, has reduced well costs. In the Bakken, however, technological improvements appear to be
approaching the limits of diminishing returns: improvements in average well quality are flat to slightly
increasing at best. The average first-year production rate of Bakken wells is only 7% above its last-highest
point, in 2011, as illustrated in Figure 2-15. Moreover, it is likely that this slight rise in average well quality is
in part a result of concentrating drilling in the sweet spots, as discussed in the following section, rather than
significant technology improvements.

Figure 2-15. Average first-year production rates for Bakken tight oil wells, 2009 to
2013.28
The slight improvement over 2011 is likely as much a result of focusing drilling in sweet spots as significant
technology improvements.
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Another measure of well quality is cumulative production and well life. Figure 2-16 illustrates the cumulative
production of all wells that were producing in the Bakken as of March 2014. Eighty-two percent of these
wells are less than 5 years old, and knowing that production will be down more than 90% after 5 years, their
economic lifespan is uncertain. Although it can be seen that there are a few very good wells that recovered
more than 600,000 barrels of oil in the first few years, and undoubtedly were great economic successes, the
average well has produced just 127,765 barrels over a lifespan averaging 35 months. Only 1% of these wells
are more than 10 years old. The lifespan of wells is another key parameter as many operators assume a
minimum life of 30 years and longer—this is conjectural at this point given the lack of long-term wellperformance data.

Figure 2-16. Cumulative oil production and length of time produced for Bakken wells
that were producing as of March 2014.29
Very few wells are greater than ten years old, with a mean age of 35 months and a mean cumulative
recovery of 127,765 barrels.
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Cumulative production of course depends on how long a well has been producing, so looking at young wells
in not necessarily a good indication of how much oil these wells will produce over their lifespan (although
production is heavily weighted to the early years of well life). A measure of well quality independent of age is
initial productivity (IP), which is often focused on by operators. Figure 2-17 illustrates the average daily output
over the first six months of production (six-month IP) for all wells in the Bakken play. Again, as with
cumulative production, there are a few exceptional wells—4% of wells produced more than 600 barrels per
day over the first six months—but the average for all wells drilled between 2008 and 2014 is just 262 barrels
per day. The trend line on Figure 2-17 shows the average over time, which is declining as of the first half of
2014 as drilling moves into lower-quality areas. Figure 2-9 and Figure 2-10 illustrate the distribution of IPs in
map form.

Figure 2-17. Average oil production over the first six months for all wells drilled in the
Bakken play, 2008-2014.30
Although there are a few exceptional wells, the average well produced 262 barrels per day over this period.
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Different counties in the Bakken display markedly different well production rate characteristics, which are
critical in determining the most likely production profile in the future. Figure 2-18, which illustrates
production over time by county, shows that the top two counties produce 55% of the total, the top four
produce 87%, and the remaining eleven produce just 13%. Clearly, years of widespread drilling (see Figure
2-19 for number of wells drilled per county) have not resulted in significant production increases outside the
top four counties.

Figure 2-18. Oil production by county in the Bakken play, 2006 through 2014.31
The top four counties produced 87% of production in 2014.
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The same trend holds in terms of cumulative production since the field commenced. As illustrated in Figure
2-19, the top two counties have produced half of the oil and the top four more than three-quarters. This trend
will likely become even more pronounced given that the production rate share from these counties is
increasing as noted above.

Figure 2-19. Cumulative oil production by county in the Bakken play through 2014.32
The top four counties have produced 79% of the 1.16 billion barrels produced to date. Note that production
from vertical wells in all counties is grouped at right; the cumulative tallies by county are for horizontal wells
only.
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The Bakken also produces significant amounts of natural gas (see the Bakken section in Part3: Shale Gas of
this report for a full discussion). As with oil, cumulative production of natural gas is concentrated in the top
four counties as illustrated in Figure 2-20. Although natural gas does add value for operators and amounts to
18% of the energy produced from the play, the high discount of natural gas price compared to the price of oil
and the lack of gathering infrastructure (particularly in remote regions) have resulted in the flaring of some
30% of production. This has attracted considerable attention, including the enactment of new regulations.33
The Bakken currently produces about 1.1 billion cubic feet per day and has produced more than one trillion
cubic feet since 2006.

Figure 2-20. Cumulative gas production by county in the Bakken play through 2014.34
The top four counties have produced 80% of the 1.13 trillion cubic feet produced to June 2014.
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Operators are highly sensitive to the economic performance of the wells they drill, which typically cost in the
order of $8 million or more each, not including leasing costs and other expenses. The areas of highest
quality—the “core” or “sweet spots”—have now been well defined. Figure 2-21 illustrates average well decline
profiles by county; these can be seen as a measure of well quality. The well decline profiles from the top
three counties are all above the Bakken average, hence these counties are attracting the bulk of the drilling
and investment.

Figure 2-21. Average tight oil well decline profiles by county for the Bakken play.35
The top four counties which have produced most of the oil and gas in the Bakken are clearly superior. If
natural gas is included, on a “barrels of oil equivalent basis,” average initial production in counties like
Mountrail and McKenzie is over 800 barrels per day. Well decline profiles are based on horizontal wells
drilled since 2009.

Another measure of well quality is “estimated ultimate recovery” (EUR), the amount of oil a well will recover
over its lifetime. To be clear, no one knows what the lifespan of a Bakken well is, given that few of them are
more than seven years old. Operators fit hyperbolic and/or exponential curves to data such as presented in
Figure 2-21, assuming well life spans of 30-50 years (as is typical for conventional oil wells), but so far this is
speculation given the nature of the extremely low permeability reservoirs and the completion technologies
used in the Bakken. Nonetheless, for comparative well quality purposes only, one can use the data in Figure
2-21, which show that wells exhibit steep initial decline rates with progressively more gradual decline rates,
and assume a constant terminal decline rate thereafter to develop a theoretical EUR.
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Figure 2-22 illustrates theoretical EURs for horizontal wells by county for the Bakken, for comparative
purposes of well quality; these range from 203,000 to 442,000 barrels per well. This compares to EURs of
13,000 to 340,000 barrels per well assumed by the EIA (the EIA weighted mean EUR—based on potential
number of wells—is 146,000 barrels).36 EURs in the top four counties are 50% to more than 100% higher
than in the remaining parts of the play. The steep well production declines mean that well payout (if it is
achieved) comes in the first few years of production, as between 52% and 62% of an average well’s lifetime
production occurs in the first four years.

Figure 2-22. Estimated ultimate recovery of oil per well by county for the Bakken play.37
EURs are based on average well decline profiles (Figure 2-21) and a terminal decline rate of 13%. These are
for comparative purposes only as it is highly uncertain if wells will last for 30 years, as are the decline rates
at the end of well life. The EURs by county are for horizontal wells only; the EUR for vertical wells is shown at
right. The steep decline rates mean that most production occurs early in well life.
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Well quality can also be expressed as the average rate of production over the first year of well life. If we know
both the field’s decline rate and the average well’s first-year production rate, we can calculate the number of
wells that need to be drilled each year in order to offset field decline and maintain production. Given that
drilling is currently focused on the highest-quality counties, the average first-year production rate per well will
necessarily fall as drilling moves into lower-quality counties over time (i.e., as the best locations are drilled
off). As average well quality falls, the number of wells that must be drilled to offset field decline must rise,
until the drilling rate can no longer offset decline and the field peaks.
Figure 2-23 illustrates the average first-year oil production rate of wells by county. Notwithstanding modest
gains in the top four counties, which are also those that are most densely drilled, future technology
improvements are unlikely to postpone for long the inevitable decline in average overall well quality as
drilling moves into lower quality counties.

Figure 2-23. Average first-year oil production rates of wells in the Bakken play by county,
2009 to 2013.38
Well quality is rising most rapidly in Mountrail County, which is also the county with the current highest well
density. First year production rate in the lowest-producing 11 counties, where the bulk of remaining drilling
locations are, is flat. The top four counties have roughly double the well quality of the lowest 11.
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The fourth key fundamental is the number of wells that can ultimately be drilled in the Bakken, a function of
(a) the size of the area worth drilling and (b) the density of drilling that will likely occur. This issue is hotly
debated in investor presentations. One of the most optimistic views comes from Continental Resources, one
of the first companies to drill in the Bakken, whose CEO claims 100,000 wells may ultimately be drilled.39
The North Dakota Industrial Commission is bullish, but less so, at 40,000 wells40 in addition to the 9,225
already drilled. In contrast, the EIA estimates 73,697 wells, 29,186 of which are in the Bakken with the
remainder in the Three Forks (obtained from the product of well density and play area in the EIA
assumptions41).
Determining the likely density at which operators will drill wells requires consideration of both the geology of
the play and the mechanics of hydraulic fracturing. Typical wells in the Bakken have horizontal laterals of
10,000 feet in length with 25 or more frack stages. The EIA suggests that the Bakken may be drilled at a
density of 2 wells per square mile42 which would space horizontal laterals 1,320 feet from each other. One
operator, Enerplus, suggests (based on a drilling pilot in one of the best areas) that 3.5 wells can be drilled
per square mile, including both the Bakken and Three Forks.43 Continental is testing downspacing of
horizontal laterals to just 660 feet apart on four layers of the Bakken and Three Forks, which, if successful,
could be up to a staggering 16 wells per square mile.44 There is no confirmation if this actually worked over a
period of time long enough to assess the degree of interference between wells, which would only become
apparent after 6-12 or more months of production history.
Wells spaced less than 2,000 feet apart in the Bakken may undergo interference, meaning that wells
cannibalize each other’s oil over time, as noted by Thuot, based on an empirical analysis of Bakken data.45
This means that although oil can be produced more quickly by spacing wells closer together than 2,000 feet,
the ultimate amount of oil produced per well will be reduced, and the total amount of oil recovered per unit
area will not be substantially increased. Thuot concludes:
1. Well interference in the Bakken appears to occur for hydraulically fractured horizontal wellbores
spaced closer than roughly 2,000 feet.
2. The magnitude of well interference on production appears to increase over time.
3. The full impact of well interference in the analysis above is likely somewhat masked since operators
become more proficient in drilling and completion techniques over time. As we saw, secondary wells
over-perform when spaced wider than 2,000 feet.
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This implies that fractures propagated from a wellbore drain in the order of 1,000 feet from the well. Given
that 2 wells per square mile places 10,000 foot laterals 1,320 feet apart, a 2,000-foot spacing would require
considerably lower well densities.
Given that the four layers (“benches”) of the Three Forks lie between 80 and 250 feet below the middle
Bakken target zone, it is likely that wells drilled in the middle Bakken are also draining oil from at least some
of the underlying Three Forks benches, ultimately limiting the number of wells needed to effectively recover
the oil. Therefore, there are practical limits to well downspacing..
Determining the area actually conducive to drilling is comparatively straightforward. After years of exploration
and thousands of wells drilled, operators have delineated the limits of the play and focused their efforts on
those areas with proven potential; thus by identifying the farthest-lying wells with little to no production as the
likely edge of the play, and estimating the size of the area within that edge which is clearly attracting industry
interest, the functional area of the Bakken play can be calculated. By this method, the area likely to be
conducive to drilling is approximately 12,700 square miles (see Figure 2-9).
Based on the above parameters, and given the fact that much of the area covered by the Bakken is of much
lower quality than the top four counties, an estimate of two wells per square mile may be reasonable for the
whole area, with an estimate of three wells per square mile being on the optimistic upside. This translates to
approximately 25,400 wells if drilled at a density of two wells per square mile, and 38,100 wells locations if
drilled at a density of three wells per square mile. Allowing three wells per square mile on average over the
whole region would provide for greater density in the best quality parts of the play and lower density in the
outlying lower quality areas.
Of course, these estimates assume that the entire area designated as the Bakken play is available for
drilling—failing to account for parks, towns, rivers, reservoirs, and other areas not conducive to drilling. A
slightly more conservative but possibly more realistic calculation would include a “risk” that 20% of the play’s
remaining area will be undrillable. After accounting for wells already drilled, this risk would reduce the total
number of potential wells to approximately 21,400 and 31,500 for the two- and three-well per section cases,
respectively. Either way, the Bakken play could experience somewhere between three and four times the
number of wells drilled to date.

The fifth key fundamental is the rate of drilling. As noted earlier, the Bakken play has a field decline of 45%
per year, meaning that 45% of production has to be replaced with new wells each year to keep production
flat. As the amount of oil produced from an average well in its first year of production is known from the data,
the number of wells needed to offset field production decline each year at a given production level can be
easily calculated. For the Bakken, at current production levels, some 1,470 wells must be drilled each year
just to keep production flat. Since drilling rates in the Bakken are now at about 2,000 wells per year,
production will keep growing as long as these rates are sustained. However, the higher production grows, the
more wells are needed to offset the 45% field decline. And as drilling moves into lower quality parts of the
play, even more wells will be needed, for as illustrated above (Figure 2-23), well quality in 11 of the 15
counties is at least 40% lower than in the best four.
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Based on the five key fundamentals outlined above, several production projections for the Bakken play were
developed to illustrate the effects of changing the rate of drilling and the number of drilling locations. These
production projections intentionally ignore questions of economics (e.g., the amount of capital required and
whether oil prices would support drilling in less productive areas) or politics (e.g., community opposition, new
government regulation) in order to analyze what is technically possible.
The projections are given in three cases, differentiated by the number of drilling locations:
1. A “Low Well Density Case” of 100% of the play area being drillable, at 2 wells per square mile. (The
EIA assumes that 2 wells can be drilled per square mile in the Bakken and 2.5 wells per square mile
can be drilled in the underlying Three Forks.)
2. An “Optimistic Case” of 100% of the play area being drillable at 3 wells per square mile.
3. A “Realistic Case” of 80% of the remaining play area being drillable (i.e., the remaining play area is
“risked” at 80% to account for undrillable areas like parks, towns, rivers, etc.), at 3 wells per section.
Each case includes three scenarios, differentiated by the rate of drilling:
1. MOST LIKELY RATE scenario: Drilling continues at the current rate of 2,000 wells per year and then
declines to 1,000 wells per year as drilling moves into the lower quality counties.
2. EXPANDED RATE scenario: Drilling increases to 2,500 wells per year and then declines to 1,500
wells per year as drilling moves into the lower quality counties.
3. FASTEST RATE scenario: Drilling is increased 50% over the current rate to 3,000 wells per year, and
held constant until locations run out.
The critical parameters used for determining production rates in these scenarios are given in Table 2-1.
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Parameters

Counties

Total

Divide

Dunn

McKenzie

Mountrail

Richland

Williams

Other 9

Production Jan 2014 (Kbbl/d)

38

165

296

245

29

143

50

966

% of Field Production

4

17

31

25

3

15

5

100

Cumulative Oil (million bbls)

40

172

249

344

52

150

56

1063

Cumulative Gas (Bcf)

44

123

363

237

53

182

49

1050

Number of Wells

542

1378

2063

2030

611

1394

763

8781

Number of Horizontal Producing Wells

524

1282

1875

1896

565

1318

693

8153

Average EUR per well (Kbbls)

219

385

420

443

227

323

203

378

Field Decline (%)

51

38

49

40

30

50

54

45

3-Year Well Decline (%)

85

84

88

86

73

88

88

85

Average First Year Production in 2013 (bbl/d)

169

308

344

376

148

271

180

296

New Wells Needed to Offset Field Decline

115

202

418

258

60

266

150

1468

Area in square miles

1259

2010

2742

1824

2084

2071

18000

29990

% Prospective

60

60

75

65

55

90

25

39

Net square miles

755

1206

2057

1186

1146

1864

4500

12714

Well Density per square mile

0.72

1.14

1.00

1.71

0.53

0.75

0.17

0.75

Additional locations to 2/sq. Mile

969

1034

2050

341

1681

2334

8237

16646

Additional locations to 3/sq. Mile

1724

2240

4107

1527

2828

4198

12737

29360

Population

2071

3536

6360

7673

9667

22398

N/A

N/A

Total Wells 2/sq. Mile

1511

2412

4113

2371

2292

3728

9000

25427

Total Wells 3/sq. Mile

2266

3618

6170

3557

3439

5592

13500

38141

Total Wells 2/sq. Mile Risked at 80%

1317

2205

3703

2303

1956

3261

7353

22098

Total Wells 3/sq. Mile Risked at 80%

1921

3170

5348

3251

2873

4752

10953

32269

Table 2-1. Parameters for projecting Bakken tight oil production, by county
Area in square miles under “Other” is estimated.
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In the “Low Well Density Case” (Figure 2-24), assuming 100% of the area is drillable, approximately 17,700
wells remain to be drilled on top of the more than 8,500 wells currently producing, for a total of 25,500 wells
(including wells no longer producing).

Figure 2-24. Three drilling rate scenarios of Bakken tight oil production, in the “Low
Well Density Case” (100% of play area is drillable at two wells per square mile).46
“Most Likely Rate” scenario: drilling continues at 2,000 wells/year, declining to 1,000 wells/year;
“Expanded Rate” scenario: drilling increases to 2,500 wells/year, declining to 1,500 wells/year;
“Fastest Rate” scenario: drilling increases to 3,000 wells/year, holding constant.

The drilling rate scenarios in this case have the following results:
1. MOST LIKELY RATE scenario: Peak production occurs in 2015 at 1.15 MMbbl/d. Drilling continues
until 2025, and total oil recovery by 2040 is 5.4 billion barrels.
2. EXPANDED RATE scenario: Peak production occurs in 2015 at 1.33 MMbbl/d. Drilling continues until
2022, and total oil recovery by 2040 is 5.7 billion barrels. Production would be lower after 2023
than in the “Most Likely Rate” case as faster drilling would recover the oil sooner.
3. FASTEST RATE scenario: Peak production occurs in 2016 at 1.63 MMbbl/d. Drilling continues until
2019, and total oil recovery by 2040 is 6.3 billion barrels. As in the “Expanded Rate” scenario,
production would be lower after 2023 than in the “Most Likely Rate” case.
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If technological advances allow for a denser drilling footprint of three wells per section, ultimate recovery
increases somewhat—but the timing of production peaks remain virtually the same (pushed back by only a
year). This case would see the drilling of 29,400 wells on top of the more than 8,500 currently producing
wells for a total of 38,100 wells (including wells no longer producing). Figure 2-25 illustrates this “Optimistic
Case.”

Figure 2-25. Three drilling rate scenarios of Bakken tight oil production, in the
“Optimistic Case” (100% of play area is drillable at three wells per square mile).47
“Most Likely Rate” scenario: drilling continues at 2,000 wells/year, declining to 1,000 wells/year;
“Expanded Rate” scenario: drilling increases to 2,500 wells/year, declining to 1,500 wells/year;
“Fastest Rate” scenario: drilling increases to 3,000 wells/year, holding constant.

The drilling rate scenarios in this case have the following results:
1. MOST LIKELY RATE scenario: Peak production occurs in 2016 at 1.22 MMbbl/d. Drilling continues
until 2034, and total oil recovery by 2040 is 8.0 billion barrels.
2. EXPANDED RATE scenario: Peak production occurs in 2016 at 1.45 MMbbl/d. Drilling continues until
2029, and total oil recovery by 2040 is 8.3 billion barrels.

3. FASTEST RATE scenario: Peak production occurs in 2017 at 1.77 MMbbl/d. Drilling continues until
2023, and total oil recovery by 2040 is 8.8 billion barrels. In this scenario, production would be
considerably lower after 2026 than in the “Most Likely Rate” scenario.
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A more realistic case (Figure 2-26) is that 80% of the remaining play area will be drillable at three wells per
square mile (i.e., the case includes a “risk” that 20% of the play remaining area will be undrillable). This
allows for surface features that preclude drilling, such as towns, rivers, reservoirs, parks and other surface
features which may limit access for drilling. This scenario would see the drilling of 23,500 wells on top of the
more than 8,500 currently producing wells for a total of 32,300 wells (including wells no longer producing).

Figure 2-26. Three drilling rate scenarios of Bakken tight oil production, in the “Realistic
Case” (80% of the remaining play area is drillable at three wells per square mile).48
“Most Likely Rate” scenario: drilling continues at 2,000 wells/year, declining to 1,000 wells/year;
“Expanded Rate” scenario: drilling increases to 2,500 wells/year, declining to 1,500 wells/year;
“Fastest Rate” scenario: drilling increases to 3,000 wells/year, holding constant.

The drilling rate scenarios in this case have the following results:
1. MOST LIKELY RATE scenario: Peak production occurs in 2015 at 1.19 MMbbl/d. Drilling continues
until 2030, and total oil recovery by 2040 is 6.8 billion barrels.
2. EXPANDED RATE scenario: Peak production occurs in 2016 at 1.41 MMbbl/d. Drilling continues until
2026, and total oil recovery by 2040 is 7.1 billion barrels.
3. FASTEST RATE scenario: Peak production occurs in 2016 at 1.72 MMbbl/d. Drilling continues until
2021, and total oil recovery by 2040 is 7.6 billion barrels. In this scenario, production would be
considerably lower after 2024 than in the “Most Likely Rate” scenario.
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Figure 2-27 compares the EIA’s reference case projection for Bakken tight oil production to the “Most Likely
Rate” scenario of the “Realistic” case presented above.

Figure 2-27. “Most Likely Rate” scenario (“Realistic” case) of Bakken tight oil
production compared to the EIA reference case, 2000 to 2040.49
In this “Most Likely Rate” scenario, drilling continues at 2,000 wells/year, declining to 1,000 wells/year.

This comparison reveals:


The EIA’s forecast of the timing of peak production (2016) in the Bakken is similar to the projection
of this report.



The EIA’s forecast of the production rate at peak (1.08 million bpd) is lower than the projection of
this report (1.19 million bpd), but only slightly.



The EIA projects a higher tail of production after peak, with estimated ultimate recovery (EUR) of
8.8 billion barrels by 2040 (7.9 billion for 2014-2040) as opposed this report’s projection of
6.8 billion barrels by 2040 (5.7 billion for 2014-2040).

In short, the EIA is forecasting 2.2 billion additional barrels of future Bakken production than this report finds
substantiated.
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Several conclusions can be made from the foregoing analysis of the Bakken play:
1. High well- and field-decline rates mean a continued high rate of drilling is required to maintain, let
alone increase, production. The observed 45% per year field decline rate requires the drilling of
1,470 wells per year just to maintain current production levels.
2. The production profile is most dependent on drilling rate and to a lesser extent the number of drilling
locations (i.e., greatly increasing the number of drilling locations would not change the production
profile nearly as much as changing the drilling rate). Drilling rate is determined by capital input,
which currently is about $16 billion per year to drill 2,000 wells, not including leasing and other
ancillary costs.
3. Peak production is highly likely to occur in the 2015 to 2017 timeframe and will occur at between
1.15 and 1.77 MMbbl/d. The most likely peak is between 1.15 and 1.22 MMbbl/d in the 2015 to
2016 timeframe.
4. Increased drilling rates will raise the level of peak production and move it forward a few months but
do not appreciably increase cumulative oil recovery through 2040. Increased drilling rates effectively
recover the oil sooner, making the supply situation worse later.
5. The projected recovery of 6.8 billion barrels by 2040 in the “Most Likely Rate” scenario (2,000
wells/year declining to 1,000 wells/year) of the “Realistic” case (80% of play drillable, at 3 wells per
square mile), agrees fairly well with the mean estimate of latest USGS assessment of the Bakken
(including the Three Forks) of 7.4 billion barrels.50
6. These projections are optimistic in that they assume the capital will be available for the drilling
“treadmill” that must be maintained (roughly $188 billion is needed to drill more than 23,500 wells,
exclusive of leasing and ancillary costs). This is not a sure thing as drilling in the poorer-quality parts
of the play will require much higher oil prices to be economic. Failure to maintain drilling rates will
result in a steeper drop-off in production.
7. Nearly four times the current number of wells will be required to recover 6.8 billion barrels by 2040
in the “Realistic” case.
8. Projections that the Bakken will continue to grow and then maintain a plateau followed by a gentle
decline for the foreseeable future51 are unlikely to be realized.
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2.3.2 Eagle Ford Play
The EIA forecasts recovery of 10.8 billion barrels of oil from the Eagle Ford play by 2040. The analysis of
actual production data presented below suggests that this forecast is unlikely to be realized.
The Eagle Ford play of southern Texas is now the largest tight oil play in the U.S; it was unknown prior to
2007. In the EIA’s analysis, the Eagle Ford play totals 11,165 square miles.52 This report considers a surface
area for the Eagle Ford defined by where productive drilling has actually occurred; after years of exploration,
Eagle Ford producers have presumably focused their efforts on those areas with proven potential. By
identifying the farthest-lying wells with little to no production as the likely edge of the play, and estimating the
size of the area within that edge that is clearly attracting industry interest, the functional prospective area of
the Eagle Ford play is calculated at approximately 7,200 square miles. Forecasts of production outside this
area cannot substantiated by currently available drilling information. Figure 2-28 illustrates the distribution of
tight oil wells as of mid- 2014 as well as the significantly larger EIA play boundary. More than 10,500 wells
have been drilled to date, of which 10,088 were producing oil at the time of writing.

Figure 2-28. Distribution of wells in the Eagle Ford as of mid-2014 illustrating highest
one-month oil production (initial productivity, IP),53 with EIA play boundary.54
The size of the Eagle Ford play as defined by the extent of where productive drilling has actually occurred is
approximately 7,200 square miles, in contrast to the much larger area designated as the play by the EIA.
Well IPs are categorized approximately by percentile; see Appendix.
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The play covers parts of 28 counties although most drilling is concentrated in six counties which account for
81% of production.

Figure 2-29. Detail of Eagle Ford play showing distribution of wells as of mid-2014
illustrating highest one-month oil production (initial productivity, IP),55 with EIA play
boundary.56
The top six producing counties are indicated. Well IPs are categorized approximately by percentile; see
Appendix.
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The Eagle Ford is both a prolific oil producer and a natural gas producer. It has oil, wet gas and dry gas
windows, with oil being produced up dip (i.e., in the shallower part of the formation) along the northwestern
portion of the field and gas in the down dip (i.e., in the deeper part of the formation) southeastern portion.
Figure 2-30 illustrates the distribution of wells classified as “oil” and “gas” in the main part of the field
stretching northeast from the Mexican border.

Figure 2-30. Distribution of oil and gas wells in the main portion of the Eagle Ford play
as of early 2014.57
The Mexican border is on the left. Orange wells are classified as “gas” and black wells are classified as “oil”.
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Production in the Eagle Ford was nearly 1.3 million barrels of oil and 4.9 billion cubic feet of gas per day at
the time of writing, as illustrated in Figure 23. Gas production is expressed in Figure 2-31 as barrels of oil
equivalent (6,000 cubic feet of gas equals approximately one barrel of oil on an energy equivalent basis).
Ninety-eight percent of this production is from horizontal fracked wells. The rate of drilling has grown from
about 500 wells per year in early 2011 to about 3,500 wells per year in 2014.

Figure 2-31. Eagle Ford play tight oil and gas production and number of producing wells,
2007 to 2014.58
Gas production is expressed as “barrels of oil equivalent” (6,000 cubic feet of gas is approximately
equivalent to one barrel of oil on an energy basis).
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The amount of oil added to total play production by each new well has been declining since mid-2011 as
illustrated in Figure 2-32.

Figure 2-32. Annual oil production added per new well and annual drilling rate in the
Eagle Ford play, 2008 through 2014, 2008 to 2014.59
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The first key fundamental in determining the life cycle of Eagle Ford production is the well decline rate. Eagle
Ford wells exhibit high decline rates in common with all shale plays. Figure 2-33 illustrates the average
decline profile of Eagle Ford horizontal wells, both for oil alone and for oil and gas on a “barrels of oil
equivalent” basis. Decline rates are steepest in the first year and are progressively less in the second and
subsequent years. The average decline rate over the first three years of well life for oil and gas is 79% and
80%, respectively.

Figure 2-33. Average decline profile for horizontal tight oil and shale gas wells in the
Eagle Ford play.60
Gas has been converted to barrels of oil on an energy equivalent basis. Decline profile is based on all
horizontal wells drilled since 2009.
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A second key fundamental is the overall field decline rate, which is the amount of production that would be
lost in a year without more drilling. Figure 2-34 illustrates oil production from the 5,800 horizontal wells
spudded (i.e., drilling was started) prior to 2013, and the 4,964 wells actually producing prior to 2013 (wells
are being drilled at such a high rate that many wells drilled prior to 2013 were not connected and producing
until well into 2013). The first-year decline for producing wells is 38%. This is lower than the well decline rate
as the field decline is made up of new wells, declining at high rates, and older wells, declining at lesser rates.
As will be shown later, a field decline of 38% requires 2,285 wells to offset at current production levels,
representing capital input of $18.3 billion assuming an average well cost of $8 million.

Figure 2-34. Production rate and number of horizontal tight oil wells in the Eagle Ford
spudded or producing prior to 2013.61
Many of the spudded wells were not connected and producing until well into 2013. In order to offset the 38%
field decline rate, 2,285 new wells per year producing at 2013 levels would be required.
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Figure 2-35 illustrates the same analysis on a “barrels of oil equivalent” basis to account for the large
amounts of gas also produced. Field decline for wells producing prior to 2013 is 42% in the first year on a
barrels oil equivalent basis, and for gas on a standalone basis is 47%.

Figure 2-35. Production rate and number of horizontal tight oil wells in the Eagle Ford
spudded or producing prior to 2013, including gas on a “barrels of oil equivalent”
basis.62
Field decline is 42% per year for oil and gas on a “barrels of oil equivalent” basis, and for gas on a
standalone basis is 47%.
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The third key fundamental is the trend of average well quality over time. As noted earlier, petroleum
engineers tell us that technology is constantly improving, with longer horizontal laterals, more frack stages
per well, more sophisticated mixtures of proppants and other additives in the frack fluid injected into the
wells, and higher-volume frack treatments. This has certainly been true over the past few years, which along
with multi-well pad drilling has reduced well costs. It is, however, approaching the limits of diminishing
returns and improvements in average well quality are flat to very slightly increasing at best.
Figure 2-36 illustrates production rate trends in oil, gas and “barrels of oil equivalent” from 2009 to 2013
based on the average first year production of wells. On a barrels of oil equivalent basis (BOE) there has been
no improvement since 2012, whereas there has been a 4% improvement in oil productivity and a decrease in
gas productivity. These trends reflect the shift in operator emphasis to liquids production with the low price of
gas, focusing drilling in the oil window of the Eagle Ford, as well as concentrating on the sweet spots defined
in the initial wave of drilling. The lack of improvement on a BOE basis suggests better technology is having a
very limited, if any, effect; there appears to still be room for significant numbers of new wells in sweet spots,
so operators have not yet been forced to move into lower quality parts of the play.

Figure 2-36. Average first year production rates for Eagle Ford wells from 2009 to
2013.63
Total production on a “barrels of oil equivalent” basis is unchanged since 2012, whereas oil has risen slightly
and gas has fallen. This reflects the focus on liquids production over gas and the concentration of drilling in
the oil window of the field, as well as the focus on proven sweet spots, along with likely limited gains from
technological improvements in the most recent year.
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Another measure of well quality is cumulative production and well life. Figure 2-37 illustrates the cumulative
production of all oil wells that were producing in the Eagle Ford as of March 2014. Eighty-nine percent of
these wells are less than 3 years old, and knowing that production will be down nearly 80% after 3 years,
their economic lifespan is uncertain. Although it can be seen that there are a few very good wells that
recovered more than 400,000 barrels of oil in the first few years, and undoubtedly were great economic
successes, the average well has produced just 72,145 barrels over a lifespan averaging 20 months. Less
than 1% of these wells are more than 5 years old. The lifespan of wells is another key parameter as many
operators assume a minimum life of 30 years and longer—this is conjectural at this point given the lack of
long-term well-performance data.

Figure 2-37. Cumulative oil production and months produced for Eagle Ford wells that
were producing as of March 2014.64
Very few wells are greater than five years old, with a mean age of 20 months and a mean cumulative
recovery of 72,145 barrels.
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Cumulative production of course depends on how long a well has been producing, so looking at young wells
in not necessarily a good indication of how much oil these wells will produce over their lifespan (although
production is heavily weighted to the early years of well life). A measure of well quality independent of age is
initial productivity (IP) which is often focused on by operators. Figure 2-38 illustrates the average daily output
over the first six months of production (six-month IP) for all oil wells in the Eagle Ford play. Again, as with
cumulative production, there are a few exceptional wells—4% of wells produced more than 600 barrels per
day over the first six months—but the average for all wells drilled between 2008 and 2014 is just 262 barrels
per day. The trend line on Figure 2-38 shows the average over time, which has been increasing slightly over
the period, owing to both better technology and the focus of drilling on sweet spots. Figure 2-28 and Figure
2-29 illustrate the distribution of IPs in map form.

Figure 2-38. Average oil production over the first six months for all wells drilled in the
Eagle Ford play.65
Although there are a few exceptional wells, the average well produced 213 barrels per day over this period.
The trend line indicates variation in mean productivity over time.
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Drilling has focused on liquids-rich parts of the play given the low price of gas in recent years, however the
Eagle Ford still produces large amounts of gas which adds to the economic viability of wells. Figure 2-39
illustrates the average production of wells over the first six months on a “barrels of oil equivalent” basis
(converting natural gas to its oil equivalent on an energy basis—6000 cubic feet of natural gas equals one
barrel of oil). The trend line in this case, combining oil and gas, is essentially flat over the 2011 through
2014 period, indicating technological improvements are not improving well productivity.

Figure 2-39. Average oil and gas production over the first six months for all wells drilled
in the Eagle Ford play on a barrels of oil equivalent basis.66
Although there are a few exceptional wells, the average well produced 432 barrels of oil equivalent per day
over this period.
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Different counties in the Eagle Ford display markedly different well production rate characteristics which are
critical in determining the most likely production profile in the future. Figure 2-40, which illustrates oil
production over time by county, shows that the top three counties produce 51% of the total, the top six
produce 81% and the remaining 22 counties produce just 19%. Three years of widespread drilling (see
Figure 2-41 for number of wells drilled per county) have not resulted in significant production increases
outside the top six counties.

Figure 2-40. Oil production by county in the Eagle Ford play, 2009 through 2014.67
Eighty-one percent of production came from just six counties in mid-2014.
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The same trend holds in terms of cumulative production since the field commenced. As illustrated in Figure
2-41, the top three counties have produced 51% of the oil and the top six have produced 81%.

Figure 2-41. Cumulative oil production by county in the Eagle Ford play through 2014.68
The top six counties have produced 81% of the 895 million barrels produced to date. Production is growing
in all counties.
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Approximately 39% of the energy produced from the Eagle Ford is in the form of natural gas, making the field
one of the nation’s top five gas fields (see the Eagle Ford section in Part3: Shale Gas of this report for a full
discussion). The Eagle Ford currently produces 4.9 billion cubic feet per day and has produced nearly four
trillion cubic feet since 2009. As with oil, gas production is concentrated in a few counties, but these tend to
be different counties than for oil given the segregation of the play into oil and gas windows. Webb County, for
example, produces less than 4% of the play’s oil but produces 25% of its gas. Figure 2-42 illustrates gas
production from the play since 2009 by county. In 2014, the top three counties produced 54% of the gas and
the top six produced 87%.

Figure 2-42. Gas production by county in the Eagle Ford play, 2009 through 2014.69
Eighty-seven percent of production came from just six counties as of mid-2014. For ease of comparison, the
counties in this figure are sorted in the same order as in Figure 2-40, i.e., by oil production.
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Figure 2-43 illustrates cumulative gas production from the play as of mid-2014. The top three counties have
produced 58% of the gas and the top six have produced 89%.

Figure 2-43. Cumulative gas production by county in the Eagle Ford play through 2014.70
The top six counties have produced 89% of the 3.89 trillion cubic feet produced to June 2014.
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Operators are highly sensitive to the economic performance of the wells they drill, which typically cost in the
order of $8 million each,71 not including leasing costs and other expenses. The areas of highest quality—the
“core” or “sweet spots”—have now been well defined, both for oil and gas. Figure 2-44 illustrates average
well decline profiles by county which are a measure of well quality. As can be seen, the decline profiles from
the top four counties are all above the Eagle Ford average, hence these counties are attracting the bulk of
the drilling and investment.

Figure 2-44. Average oil well decline profiles by county for the Eagle Ford play.72
The top four counties, which have produced much of the oil in the Eagle Ford, are clearly superior compared
the play average and the other 23 counties. Well decline profiles are based on horizontal wells drilled since
2009.
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Figure 2-45 illustrates average well decline profiles on a “barrels of oil equivalent” basis which includes the
energy value of natural gas. Five counties are above the Eagle Ford average. Although four of these five are
also the top four for oil production, Webb County is the second highest county on an energy output basis due
to its prolific natural gas output, whereas is it ranks at the bottom for oil output.

Figure 2-45. Average well decline profiles on a “barrels of oil equivalent” basis including
the energy of natural gas produced by county for the Eagle Ford play.73
Although the top five counties include the top four for oil, Webb County has moved up to number two on an
energy output basis, whereas it ranks at the bottom for oil production. Well decline profiles are based on
horizontal wells drilled since 2009.

Another measure of well quality is “estimated ultimate recovery” (EUR), the amount of oil a well will recover
over its lifetime. To be clear, no one knows what the lifespan of an Eagle Ford well is, given that few of them
are more than five years old. Operators fit hyperbolic and/or exponential curves to data such as presented in
Figure 2-44 and Figure 2-45, assuming well life spans of 30-50 years by comparison to conventional wells,
but so far this is speculation given the nature of the extremely low permeability reservoirs and the completion
technologies used in the Eagle Ford. Nonetheless, for comparative well quality purposes only, one can use
the data in Figure 2-44 and Figure 2-45, which show that wells exhibit steep initial decline rates with
progressively more gradual decline rates over the first three years, and assume a constant terminal decline
rate thereafter to develop a theoretical EUR.
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Figure 2-46 illustrates theoretical EURs per well by county for the Eagle Ford; these range from 101,000 to
531,000 barrels per well. This compares to EURs of 97,000 to 223,000 barrels per well assumed by the EIA
(the EIA EURs are not broken down by county and include large areas of limited prospectivity).74 EURs in the
top three counties are nearly 100% higher than in the lowest 22 counties of the play. The steep well
production declines mean that well payout, if it is achieved, comes in the first few years of production, as
between 46% and 56% of an average well’s lifetime production occurs in the first three years.

Figure 2-46. Estimated ultimate recovery of oil per horizontal well by county for the
Eagle Ford play.75
EURs are based on average well decline profiles (Figure 2-44) and a terminal decline rate of 15%. These are
for comparative purposes only as it is highly uncertain if wells will last for 25 years, as are the decline rates
at the end of well life. The steep decline rates mean that most production occurs early in well life.
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Figure 2-47 illustrates theoretical EURs by county on a “barrels of oil equivalent” basis showing the split
between oil and gas by county. The average well has an EUR of nearly 500,000 barrels oil equivalent, with
Dewitt, the top county, more than triple the lowest 20 counties.

Figure 2-47. Estimated ultimate recovery on a “barrels of oil equivalent” basis, including
the energy value of gas, by county for the Eagle Ford play.76
EURs are based on average well decline profiles (Figure 2-45) and a terminal decline rate of 15%. These are
for comparative purposes only as it is highly uncertain if wells will last for 25 years, as are the decline rates
at the end of well life. Gas comprises 14% to 84% of the energy produced with an average of about 39%.

Well quality can also be expressed as the average rate of production over the first year of well life. If we know
both the field decline rate and the average well’s first-year production rate, we can calculate the number of
wells that need to be drilled each year in order to offset field decline and maintain production. Given that
drilling is currently focused on the highest quality counties, the average first-year production rate per well will
fall as drilling moves into lower quality counties over time as the best locations are drilled off. As average well
quality falls, the number of wells that must be drilled to offset field decline must rise, until the drilling rate
can no longer offset decline and the field peaks.
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Figure 2-48 illustrates the average first year oil production rate of wells by county over the 2009 to 2013
period. Gains are evident in several counties although Dewitt, the most productive county, is in decline. Only
three counties exceed the play average. The average increase in productivity for the play as a whole is just
4% over 2012, suggesting that technological improvements are approaching the limits of diminishing
returns. Much of the observed improvement is likely from the shift of drilling from gas prone to oil prone
portions of counties. Future technology improvements are unlikely to postpone for long the inevitable decline
in average overall well quality as drilling moves into lower quality counties.

Figure 2-48. Average first-year oil production rates of wells by county for the Eagle Ford
play, 2009 to 2013.77
Well quality is rising most rapidly in Karnes County, which has the second highest well count. Average first
year oil production rates rose 4% over 2012.
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Figure 2-49 illustrates the average first year oil and gas production rate of wells by county on a “barrels of oil
equivalent” basis over the 2009 to 2013 period. Gains are evident in several counties although Dewitt, the
most productive county, is in decline, and the overall average for the play is unchanged over 2012,
suggesting technological improvements are not making much difference overall.

Figure 2-49. Average first-year oil and gas production rates of wells on a “barrels of oil
equivalent” basis by county for the Eagle Ford play, 2009 to 2013.78
Average first-year production rates were unchanged in 2013 compared to 2012.
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The fourth key fundamental is the number of wells that can ultimately be drilled in the Eagle Ford, a function
of (a) the size of the area worth drilling and (b) the density of drilling that will likely occur. As in the Bakken,
this is hotly debated in investor presentations.
Determining the likely density at which operators will drill wells requires consideration of both the geology of
the play and the mechanics of hydraulic fracturing. Typical wells in the Eagle Ford have horizontal laterals of
5,000-7,000 feet in length with 20 or more frack stages. The EIA suggests that the area may be drilled at a
density of 6 wells per square mile,79 which would space horizontal laterals at 880 feet from each other.
Companies like Marathon claim that spacing in core areas can be reduced to 16 wells per square mile in its
pilots (40-acre spacing).80 This would place horizontal laterals 350 feet apart, implying that frack jobs on
wells only effectively drain less than 200 feet from a well.
This seems very optimistic given studies on well interference discussed earlier (section 2.3.1.4) showing that
interference may occur with wells separated by less than 2,000 feet in the Bakken.81 There has been no
compelling evidence presented to suggest that 40-acre spacings in the Eagle Ford will not cannibalize
production from adjacent wells, meaning that such attempts will not increase ultimate oil and gas recovery,
although they may temporarily increase production.
Determining the area actually conducive to drilling is comparatively straightforward. After years of exploration
and thousands of wells drilled, operators have delineated the limits of the play and focused their efforts on
those areas with proven potential; thus by identifying the farthest-lying wells with little to no production as the
likely edge of the play, and estimating the size of the area within that edge which is clearly attracting industry
interest, the functional area of the Eagle Ford play can be calculated. By this method, the area likely to be
conducive to drilling is approximately 7,200 square miles (see Figure 2-28).
Based on the above parameters, and given the fact that much of the area covered by the Eagle Ford is of
considerably lower quality than the top few counties, an estimate of 6 wells per square mile may be
reasonable for the whole area, allowing for a higher density in core areas and a lower density in outlying
lower quality areas. This translates to approximately 43,200 potential wells if drilled at a density of 6 wells
per square mile (compared to EIA’s estimated 66,987 locations, determined from the product of the EIA’s
play area and well density). As more than 10,500 wells have been drilled to date, this means that
approximately 32,800 wells remain to be drilled. Of course, these estimates assume that the entire
designated area is available, and do not account for parks, towns, rivers, reservoirs, and other areas not
conducive to drilling. A more conservative but possibly more realistic calculation would include a “risk” that
20% of the remaining play area will be undrillable. This reduces the remaining number of potential wells to
approximately 26,200 which, coupled with wells already drilled, puts the total well count when the play is
completely finished at 35,900. Either way, the Eagle Ford play could experience somewhere between three
and four times the number of wells drilled to date.
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The fifth key fundamental is the rate of drilling. As noted earlier, the Eagle Ford play has a field decline of
38% per year (for oil), meaning that 38% of production has to be replaced with new wells each year to keep
production flat. As the amount of oil produced from an average well in its first year of production is known
from the data, the number of wells needed to offset field production decline each year at a given production
level can be easily calculated. For the Eagle Ford at current production levels some 2,285 wells must be
drilled each year to keep production flat. Since drilling rates in the Eagle Ford are now at about 3,550 wells
per year, production will keep growing as long as these rates are sustained—until drilling locations run out.
However, the higher production grows, the more wells are needed to offset the field decline. And as drilling
moves into lower quality parts of the play, even more wells will be needed, for as illustrated above (Figure
2-48), well quality in most counties is significantly lower than in the best three.

Based on the five key fundamentals outlined above, several production projections for the Eagle Ford play
were developed to illustrate the effects of changing the rate of drilling.
The projections are given in two cases, differentiated by the number of drilling locations:
1. An “Optimistic Case” of 100% of the play area being drillable, at 6 wells per square mile.
2. A “Realistic Case” of 80% of the remaining play area being drillable (i.e., the play is “risked” at 80%
to account for undrillable areas like parks, towns, rivers, etc.), at 6 wells per square mile.
Each case includes three scenarios, differentiated by the rate of drilling:
1. MOST LIKELY RATE scenario: Drilling continues at the current rate of 3,550 wells per year and then
declines to 2,000 wells per year as drilling moves into the lower quality counties.
2. EXPANDED RATE scenario: Drilling continues at the current rate of 3,550 wells per year and held
constant until locations run out.
3. FASTEST RATE scenario: Drilling is increased to 4,000 wells per year and held constant until
locations run out.
The critical parameters used for determining production rates in these scenarios are given in Table 2-2.
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Parameters

Counties
Atascosa Dewitt Dimmit Gonzales Karnes Lasalle Live Oak McMullen

Webb

Other 19

Total

Oil Production Jan 2014 (Kbbl/d)

58.6

190.8

148.3

120.3

267.1 196.0

59.7

123.2

45.2

83.2

1292.2

Gas Production Jan 2014 (Kbbl/d)

7.9

122.3

118.3

26.5

98.3

107.9

50.8

63.0

201.5

16.5

813.1

Gas Production Jan 2014 (Bcf/d)

0.0

0.7

0.7

0.2

0.6

0.6

0.3

0.4

1.2

0.1

4.9

Oil % of Field Production

4.5

14.8

11.5

9.3

20.7

15.2

4.6

9.5

3.5

6.4

100.0

BOE % of Field Production

3.2

14.9

12.7

7.0

17.4

14.4

5.3

8.8

11.7

4.7

100.0

12.1

Gas % of Field Production

1.0

15.0

14.6

3.3

13.3

6.3

7.7

24.8

2.0

100.0

Cumulative Oil (million bbls)

32.4

130.3

102.7

101.6

200.0 122.8

43.1

72.5

43.7

46.4

895.5

Cumulative Gas (Bcf)

25.8

557.5

480.1

122.7

468.9 560.3

223.5

254.6

1112.0

60.6

3866.0

Number of Wells

461

828

1634

931

1551

1616

464

1041

1085

831

10442

Number of Producing Wells

441

797

1576

895

1506

1580

458

990

1023

759

10025

Avg. Oil EUR per well (Kbbls)

215

531

210

443

373

310

281

266

101

184

296

Avg. BOE EUR per well (Kbbls)

249

857

371

532

496

524

503

410

618

223

499

Avg. Gas EUR per well (Bcf)

0.2

2.0

1.0

0.5

0.7

1.3

1.3

0.9

3.1

0.2

1.2

Oil Field Decline (%)

50

41

37

33

40

34

40

30

48

27

38

BOE Field Decline (%)

49

44

36

33

42

37

47

45

46

30

42

Gas Field Decline (%)

43

47

34

26

47

41

54

64

46

43

47

Oil 3-Year Well Decline (%)

88

72

79

81

87

68

74

86

86

89

79

BOE 3-Year Well Decline (%)

88

74

82

81

86

72

76

87

79

88

79

Gas 3-Year Well Decline (%)
Average First Year Oil Production in
2013 (bbl/d)
Average First Year BOE Production
in 2013 (bbl/d)
Average First Year Gas Production
in 2013 (mcf/d)
Oil New Wells Needed to Offset
Field Decline
BOE New Wells Needed to Offset
Field Decline
Gas New Wells Needed to Offset
Field Decline
Area in square miles

86

77

82

80

90

78

78

89

77

81

80

184.6

340.9

140.0

284.9

357.5 203.3

195.8

212.8

101.4

183.7

214.9

207.6

584.0

249.5

344.6

500.9 328.8

381.5

312.4

466.4

213.6

357.9

138.4

1459.1 656.9

358.0

860.8 752.9 1113.9

597.3

2190.2

179.7

858.2

159

229

392

139

299

328

122

174

214

122

2285

157

236

385

141

306

342

136

268

243

140

2470

147

236

368

115

322

353

148

405

254

236

2672

1232

909

1331

1068

750

1489

1036

1113

3357

20000

32285

% Prospective

50

30

90

40

75

80

25

60

30

5

22

Net square miles

616

273

1198

427

563

1191

259

668

1007

1000

7201

Well Density per square mile

0.75

3.04

1.36

2.18

2.76

1.36

1.79

1.56

1.08

0.83

1.45

Additional locations to 6/sq. Mile

3235

808

5553

1632

1824

5531

1090

2966

4958

5169

11162

Population

44911

20097

9996

19807

14824 6886

11531

707

250304

N/A

N/A

Total Wells 6/sq. Mile

3696

1636

7187

2563

3375

7147

1554

4007

6043

6000

43208

Producing Wells 6/sq. Mile

3676

1605

7129

2527

3330

7111

1548

3956

5981

5928

42791

Table 2-2. Parameters for projecting Eagle Ford tight oil production, by county
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Figure 2-50 illustrates the production profiles of the three drilling rate scenarios in the “Optimistic Case,”
where 100% of the play area is drillable at six wells per square mile.

Figure 2-50. Three drilling rate scenarios of Eagle Ford tight oil production, in the
“Optimistic Case” (100% of the play area is drillable at six wells per square mile).82
“Most Likely Rate” scenario: drilling continues at 3,550 wells/year, declining to 2,000 wells/year.
“Expanded Rate” scenario: drilling continues at 3,550 wells/year, holding constant until locations run out.
“Fastest Rate” scenario: drilling is increased to 4,000 wells/year, holding constant until locations run out.

The drilling rate scenarios in this case have the following results:
1. MOST LIKELY RATE scenario: Peak production occurs in 2017 at 1.65 MMbbl/d. Drilling continues
until 2026, and total oil recovery by 2040 is 8.9 billion barrels.
2. EXPANDED RATE scenario: Peak production occurs in 2018 at 1.83 MMbbl/d. Drilling continues until
2023, and total oil recovery by 2040 is 9.6 billion barrels. In this scenario, however, production
would be lower after 2026 than in the most likely case; in essence faster drilling recovers the oil
sooner but makes future supply more problematic.
3. FASTEST RATE scenario: Peak production occurs in 2018 at 2.03 MMbbl/d. Drilling continues until
2022, and total oil recovery by 2040 is 9.9 billion barrels. In this scenario, however, production
would be lower after 2025 than in the most likely case; in essence faster drilling recovers the oil
sooner but makes future supply more problematic.
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The following two figures add natural gas, as oil equivalent energy, and differentiate oil from condensate
production for the “Most Likely Rate” scenario (the Texas Railroad Commission reports that approximately
20% of liquids production is condensate,83 which is generally of lower value than oil).
Figure 2-51 illustrates oil, condensate and gas production for the “Most Likely Rate” scenario in the
“Optimistic Case” (100% of the prospective area is drillable at six wells per square mile).

Figure 2-51. “Most Likely Rate” scenario of Eagle Ford production for oil, condensate
and gas in the “Optimistic” case (100% of the play area is drillable at six wells per
square mile).84
In this “Most Likely Rate” scenario, drilling continues at 3,550 wells/year, declining to 2,000 wells/year.

In this case, peak production occurs in 2017 at 2.7 MMbbl/d of oil equivalent. Drilling continues until 2026,
total liquids recovery is 8.9 billion barrels (7.1 billion barrels of oil and 1.8 billion barrels of condensate), and
total gas recovery is 40.3 trillion cubic feet.
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Figure 2-52 illustrates oil, condensate and gas production in the “Most Likely Rate” scenario in the “Realistic
Case” (only 80% of the remaining prospective area is drillable, at six wells per square mile).

Figure 2-52. “Most Likely Rate” scenario of Eagle Ford production for oil, condensate
and gas in the “Realistic Case” (80% of the remaining area is drillable at six wells per
square mile).85
In this “Most Likely Rate” scenario, drilling continues at 3,550 wells/year, declining to 2,000 wells/year.

In this case, peak production occurs in 2017 at 2.65 MMbbl/d of oil equivalent. Drilling continues until
2024, total liquids recovery by 2040 is 7.8 billion barrels (6.2 billion barrels of oil and 1.6 billion barrels of
condensate), and total gas recovery is 35.5 trillion cubic feet.
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Figure 2-53 compares the EIA’s reference case projection for Eagle Ford tight oil production to the “Most
Likely Rate” scenario of the “Realistic” Case presented above.

Figure 2-53. “Most Likely Rate” scenario (“Realistic” case) of Eagle Ford tight oil
production compared to the EIA reference case, 2000 to 2040.86
This “Most Likely Rate” scenario sees 3,550 wells/year, declining to 2,000 wells/year. By 2040, 7.76 billion
barrels of liquids would be recovered: 6.21 Bbbls of oil and 1.55 Bbbls of condensate.

This comparison reveals:


The EIA’s forecast of the timing of peak production (2016) in the Eagle Ford is the same as the
projection of this report.



The EIA’s forecast of the production rate at peak (1.56 million bpd) is lower than the projection of
this report (1.60 million bpd), but only slightly.



The EIA projects a higher tail of production after peak, with estimated ultimate recovery (EUR) of
10.8 billion barrels by 2040 (10.2 billion for 2014-2040) as opposed this report’s projection of
7.8 billion barrels by 2040 (7 billion for 2014-2040).

In short, the EIA is forecasting 3.2 billion additional barrels of future Eagle Ford production than this report
finds substantiated. The EIA’s assumption that production will be nearly 600,000 barrels per day in 2040
implies that much additional oil will be recovered.
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As with the Bakken, several things are clear from this analysis:
1. High well- and field-decline rates mean a continued high rate of drilling is required to maintain, let
alone increase, production. Approximately 2,285 wells must be drilled each year to keep production
flat at current levels.
2. The production profile is most dependent on drilling rate and to a lesser extent on the number of
drilling locations (i.e., greatly increasing the number of drilling locations would not change the
production profile nearly as much as changing the drilling rate). Drilling rate is determined by capital
input, which currently is about $28 billion per year to drill 3,550 wells, not including leasing and
other ancillary costs.
3. Peak production is highly likely to occur in the 2016 to 2018 timeframe and will occur at between
1.6 and 2.0 MMbbl/d. The most likely peak is about 1.6 MMbbl/d in 2016.
4. Increased drilling rates would raise the level of peak production and move it forward a few months
but would not appreciably increase cumulative oil recovery through 2040. Increased drilling rates
effectively recover the oil sooner making the supply situation worse later.
5. The projected recovery of 7.8 billion barrels by 2040 in the “Most Likely Rate” scenario of the
“Realistic” case (i.e., six wells per square mile “risked” at 80%) is considerably less than the 10.8
billion barrels forecast by the EIA to be recovered by 2040.87
6. These projections are optimistic in that they assume the capital will be available for the drilling
“treadmill” that must be maintained (roughly $210 billion is needed to drill more than 26,200 wells
excluding leasing and ancillary costs). This is not a sure thing as drilling in the poorer-quality parts of
the play will require much higher oil prices to be economic. Failure to maintain drilling rates will
result in a steeper drop off in production.
7. Nearly four times the current number of wells will be required to recover 7.8 billion barrels by 2040
in the “Realistic” case assuming six wells per square mile “risked” at 80%.
8. The concept that the Eagle Ford will maintain a production plateau beyond its peak is unwarranted,
even with extremely large capital inputs.
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The Permian Basin is the third largest source of tight oil production growth in the U.S. after the Bakken and
Eagle Ford. The Permian Basin has been a prolific conventional oil and gas producer for nearly 100 years.
Some 400,000 wells have been drilled there, producing more than 30 billion barrels of oil and 108 trillion
cubic feet of gas.
Figure 2-54 illustrates the distribution of wells drilled since 1970 in the basin in Texas and southeastern New
Mexico. The basin contains five major plays and several smaller ones that have collectively allowed oil
production to grow by more than 500,000 barrels per day since 2005.88 Three of these, the Spraberry,
Wolfcamp, and Avalon/Bone Spring, are projected by the EIA to be major contributors to future production
(see Figure 2-5).

Figure 2-54. Distribution of wells drilled since 1970 in the Permian Basin of Texas and
southeastern New Mexico.89
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Production of oil and gas from the Permian Basin peaked in 1973 but has undergone a renaissance since
2010, with the application of new technology to old reservoirs. Figure 2-55 illustrates oil and gas production
in the basin since 1960.

Figure 2-55. Permian Basin oil and gas production and number of producing wells, 1960
to 2014.90
Gas production is expressed as “barrels of oil equivalent” (6,000 cubic feet of gas is approximately
equivalent to one barrel of oil on an energy basis).
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Unlike the Bakken and Eagle Ford shale plays, tight oil production in the Permian Basin is from both
horizontal and vertical fracked wells. Coupled with the fact that the Permian Basin has been producing for
nearly a century, this makes it difficult to separate truly new “tight oil” production from conventional
production. Figure 2-56 illustrates production from vertical and horizontal wells in the Permian Basin.
Production growth has occurred from both well types, although horizontal wells appear to contribute a larger
proportion of the growth.
As mentioned above, the three plays that the EIA is counting on to meet a significant proportion of its tight oil
forecasts from the Permian Basin are the Spraberry, Wolfcamp, and Avalon/Bone Spring. These plays are
reviewed below with respect to production characteristics and future growth potential in the light of the EIA
projections for them.

Figure 2-56. Oil production by well type in the Permian Basin, 1990 to 2014.91
Recent production growth is a function of both horizontal and vertical wells.
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2.4.1 Spraberry Play
The EIA forecasts recovery of 6.5 billion barrels of oil from the Spraberry play between 2012 and 2040. The
analysis of actual production data presented below suggests that this forecast is unlikely to be realized.
The Spraberry play has been producing oil and gas for decades. Nearly 37,000 wells have been drilled of
which more than 25,000 are currently producing. The play has produced over 1.8 billion barrels of oil and
more than 4.2 trillion cubic feet of natural gas over its lifetime. Production comes from the Spraberry
reservoir proper, and an equivalent reservoir termed “Trend Area”, which together make up the Spraberry
play. Figure 2-57 illustrates well distribution within the play.

Figure 2-57. Distribution of wells in the Spraberry play as of mid-2014 illustrating
highest one-month oil production (initial productivity, IP).92
Only wells drilled in 2006 and later are considered as possible “tight oil” production and colored by IP; wells
drilled prior to 2006 are predominantly conventional production. Well IPs are categorized approximately by
percentile; see Appendix.
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Production of oil in the Spraberry has more than tripled since 2005 and including natural gas (on an energy
equivalent basis) is up four-fold as illustrated in Figure 2-58. The number of producing wells has also more
than doubled over this period.

Figure 2-58. Spraberry play oil and gas production and number of producing wells, 1980
to 2014.93
Producing well count is now above 25,000.
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A look at the split in production by well type reveals that much of this growth is attributable to vertical wells,
although horizontal wells are becoming increasingly important (Figure 2-59). New completion technology in
both well types is obviously paying dividends.

Figure 2-59. Oil production from the Spraberry play by well type.94
Although vertical wells have accounted for much of the recent production growth, horizontal wells now
appear to be the most important contributors.
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A look at well quality reveals that the Spraberry is unremarkable by comparison to the Bakken or Eagle Ford.
Figure 2-60 illustrates the average well decline profile for all wells; Figure 2-61 illustrates the average well
decline profile for horizontal wells only. All wells on an energy equivalent basis are just a tenth of the initial
production of an average Bakken well in a top county. Horizontal wells are more than double the initial
productivity of the average well but still pale by comparison to a Bakken or Eagle Ford well. The average
three-year decline of Spraberry wells is, however, somewhat lower than the Bakken at 60% and 72% for all
wells and horizontal wells, respectively.

Figure 2-60. Oil and gas average well decline profile for all wells in the Spraberry play.95
On an energy equivalent basis these wells have an initial productivity of less than a tenth that of the average
well in the top counties of the Bakken play. Decline profile is based on all wells drilled since 2009.
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Figure 2-61. Oil and gas average well decline profile for horizontal wells in the Spraberry
play.96
On an energy equivalent basis these wells have an initial productivity of less than a third that of the average
well in the top counties of the Bakken play. Decline profile is based on all horizontal wells drilled since 2009.
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The EIA’s projection for Spraberry play production through 2040 in its reference case is illustrated in Figure
2-62. Total recovery between 2012 and 2040 is forecast to be 6.5 billion barrels; this amounts to 15% of the
EIA’s reference case forecast for U.S. tight oil production through 2040. Cumulative production by 2040
amounts to 80% of the “unproved technically recoverable resources” the EIA estimated for the Spraberry as
of January 1, 2012.
Given that this is a redevelopment of an old play which is already extensively drilled, the fact that the wells
are of relatively low quality, and the nature of likely production profiles from shale plays like the Bakken, this
would seem to be a highly optimistic forecast. It is already overestimating actual production by 55% in year
one, as actual production for 2013 amounted to 390,000 barrels per day compared to an estimate of
604,000 barrels by the EIA. Furthermore, the EIA is projecting that production will be 505,000 barrels per
day in 2040, which is 30% above current levels. High field decline rates make it very likely that production
decline after its projected peak in 2021 will be much steeper than projected. Given what is known, this EIA
forecast would seem to have a very high optimist bias.

Figure 2-62. EIA reference case projection of oil production from the Spraberry play
through 2040, with actual production to 2013.97
The forecast total recovery of 6.5 billion barrels over the 2012-2040 period amounts to 80% of the 8.1
billion barrels of “unproved technically recoverable resources as of January 1, 2012”.98
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2.4.2 Wolfcamp Play
The EIA forecasts recovery of 2.64 billion barrels of oil from the Wolfcamp play between 2012 and 2040. The
analysis of actual production data presented below suggests that this forecast is unlikely to be realized.
The Wolfcamp play has also been producing oil and gas for decades. Over 12,800 wells have been drilled of
which more than 6,000 are currently producing. The play has produced over 870 million barrels of oil and
nearly 4.8 trillion cubic feet of natural gas over its lifetime. Figure 2-63 illustrates well distribution within the
Wolfcamp play.

Figure 2-63. Distribution of wells in the Wolfcamp play as of mid-2014 illustrating
highest one-month oil production (initial productivity, IP).99
Only wells drilled in 2006 and later are considered as possible “tight oil” production and colored by IP; wells
drilled prior to 2006 are predominantly conventional production. Well IPs are categorized approximately by
percentile; see Appendix.
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Production of oil in the Wolfcamp has quadrupled since 2005, and including natural gas (on an energy
equivalent basis) is up three-fold as illustrated in Figure 2-64.

Figure 2-64. Wolfcamp play oil and gas production and number of producing wells, 1980
to 2014.100
Producing well count is now over 6,000.
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The number of producing wells has also doubled over this period. A look at the split in production by well type
reveals that virtually all of this growth is attributable to horizontal wells (Figure 2-65). Horizontal fracking
technology is obviously paying dividends.

Figure 2-65. Oil production from the Wolfcamp play by well type.101
Horizontal wells are now accounting for most of the production growth.
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A look at well quality reveals that the Wolfcamp, although considerably better than the Spraberry, is
unremarkable by comparison to the Bakken or Eagle Ford. Figure 2-66 illustrates the average well decline
profile for all wells; Figure 2-67 illustrates the average well decline profile for horizontal wells only. All wells
on an energy equivalent basis are just a quarter of the initial production of an average Bakken well in a top
county. Horizontal wells are nearly double the initial productivity of the average well but still pale by
comparison to a Bakken or Eagle Ford well. The average three-year decline of Wolfcamp wells is comparable
to the Bakken at 81% and 85% for all wells and horizontal wells, respectively.

Figure 2-66. Oil and gas average well decline profile for all wells in the Wolfcamp
play.102
On an energy equivalent basis these wells have an initial productivity of less than a quarter that of the
average well in the top counties of the Bakken play. Decline profile is based on all wells drilled since 2009.
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Figure 2-67. Oil and gas average well decline profile for horizontal wells in the Wolfcamp
play.103
On an energy equivalent basis these wells have an initial productivity of about a third of the average
horizontal well in the top counties of the Bakken play. Decline profile is based on all horizontal wells drilled
since 2009.
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The EIA’s projection for Wolfcamp play production through 2040 in its reference case is illustrated in Figure
2-68. Total recovery between 2012 and 2040 is forecast to be 2.64 billion barrels. This amounts to 6.1% of
its U.S. reference case tight oil production through 2040. Cumulative production by 2040 amounts to 78% of
the “unproved technically recoverable resources” the EIA estimated for the Wolfcamp as at January 1, 2012.
Given that this is a redevelopment of an old play which is already extensively drilled, the fact that the wells
are of relatively low quality, and the nature of likely production profiles from shale plays like the Bakken, this
would seem to be an optimistic forecast. It is already off by 36% on the high side in year one, as actual
production for 2013 amounted to 153,000 barrels per day compared to an estimate of 209,000 barrels by
the EIA. Furthermore, the EIA is projecting that production will be 220,000 barrels per day in 2040, which is
44% above current levels. High field decline rates make it likely that production decline after its projected
peak in 2019 will be much steeper than forecast. Given what is known, this EIA forecast would seem to have
a high optimist bias.

Figure 2-68. EIA reference case projection of oil production from the Wolfcamp play
through 2040, with actual production to 2013.104
The forecast total recovery of 2.64 billion barrels over the 2012-2040 period amounts to 78% of the 3.4
billion barrels of “unproved technically recoverable resources as of January 1, 2012”.105
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2.4.3 Bone Spring Play
The EIA forecasts recovery of 0.68 billion barrels of oil from the Bone Spring play between 2012 and 2040.
The analysis of actual production data presented below suggests that this forecast is reasonable and may be
on the low end of future production.
The Bone Spring play has, like the Spraberry and Wolfcamp, been producing oil and gas for decades. Over
5,200 wells have been drilled of which 2,500 are currently producing. The play has produced 208 million
barrels of oil and 730 billion cubic feet of natural gas over its lifetime. Figure 2-69 illustrates well distribution
within the Bone Spring play.

Figure 2-69. Distribution of wells in the Bone Spring play as of mid-2014 illustrating
highest one-month oil production (initial productivity, IP).106
Only wells drilled in 2006 and later are considered as possible “tight oil” production and colored by IP; wells
drilled prior to 2006 are predominantly conventional production. Well IPs are categorized approximately by
percentile; see Appendix.
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Production of oil in the Bone Spring has increased more than 10 fold since 2005 and on an energy
equivalent basis, including natural gas, is up more than 15-fold as illustrated in Figure 2-70.

Figure 2-70. Bone Spring play oil and gas production and number of producing wells,
1990 to 2014.107
Producing well count is now about 2,500.
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The number of producing wells has also more than tripled over this period. A look at the split in production by
well type reveals that virtually all of this growth is attributable to horizontal wells (Figure 2-71). Horizontal
fracking technology is obviously paying dividends.

Figure 2-71. Oil production from the Bone Spring play by well type.108
Horizontal wells are now accounting for most of the production growth.
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A look at well quality reveals that the Bone Spring, although considerably better than either the Spraberry or
Wolfcamp, is still unremarkable by comparison to the Bakken or Eagle Ford. Figure 2-72 illustrates the
average well decline profile for all wells; Figure 2-73 illustrates the average well decline profile for horizontal
wells only. All wells on an energy equivalent basis are about half of the initial production of an average
Bakken well in a top county. Horizontal wells are slightly better; the average initial productivity is about twothirds of an average Bakken well. The average three-year decline of Bone Spring wells is greater that the
Bakken at 91% for all wells and for horizontal wells, and is the steepest observed for any shale play.

Figure 2-72. Oil and gas average well decline profile for all wells in the Bone Spring
play.109
On an energy equivalent basis these wells have an initial productivity of about half that of the average well in
the top counties of the Bakken play. Decline profile is based on all wells drilled since 2009.
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Figure 2-73. Oil and gas average well decline profile for horizontal wells in the Bone
Spring play.110
On an energy equivalent basis these wells have an initial productivity of about half of the average horizontal
well in the top counties of the Bakken play. Decline profile is based on all horizontal wells drilled since 2009.
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The EIA’s projection for Bone Spring play production through 2040 in its reference case is illustrated in
Figure 64. Total recovery between 2012 and 2040 is forecast to be 0.68 billion barrels. This amounts to just
1.6% of its U.S. reference case tight oil production through 2040. Cumulative production by 2040 amounts
to 34% of the “unproved technically recoverable resources” the EIA estimated for the Bone Spring as at
January 1, 2012.
In this case the EIA’s forecast looks conservative, as production is already considerably higher in year one
than projected. One could argue with the long extended tail of production but it appears likely that Bone
Spring production may rise considerably higher. The very high well- and field-declines noted, which are
considerably higher than the other Permian plays examined above, will likely make decline on the far side of
peak production much steeper than depicted in the EIA projection. Given what is known, this EIA forecast
would seem to have a low optimist bias.

Figure 2-74. EIA reference case projection of oil production from the Bone Spring
through 2040, with actual production to 2013.111
The forecast total recovery of .68 billion barrels over the 2012-2040 period amounts to 34% of the
2.0 billion barrels of “unproved technically recoverable resources as of January 1, 2012”.112
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2.4.4 Key Characteristics of the Permian Basin Plays
As mentioned, the Permian Basin is the third largest source of tight oil in the U.S., and the three plays
reviewed above constitute 23% of the oil the EIA projects will be recovered by 2040 in its reference tight oil
case. In addition to these plays, two smaller Permian plays are listed by the EIA in Figure 2-7 above: the
Glorieta-Yeso (actually two separate formations) and the Delaware. These latter two plays display the same
characteristics as the first three: they are old plays which have been producing for decades, and although
they are increasing somewhat in production, well quality is unremarkable compared to the Bakken and Eagle
Ford.
Figure 2-75 illustrates total Permian Basin production, highlighting these five plays which now make up 56%
of the total production of the basin.

Figure 2-75. Oil production and number of producing wells in the Permian Basin to
2014.113
Production from the five tight oil plays the EIA includes in the Permian Basin (see Figure 2-7) is highlighted.
As of March 2014, these plays made up 56% of total Permian Basin production.
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The EIA only provided projections used in its reference case tight oil forecast for the three Permian plays
reviewed in detail above.114 The aggregate production of these plays compared to the collective forecast of
the EIA for them is illustrated in Figure 2-76. The EIA forecast suggests these plays will collectively produce
9.25 billion barrels between 2014 and 2040, which is nearly five times as much oil as they produced in the
previous 34 years. Production is projected to rise to a peak in 2021 followed by a gradual decline through
2040, when these plays are forecast to be producing 770,000 barrels per day, or 6% above current levels.
This is a very aggressive forecast considering their age and extensive drilling and production history, their
relatively low quality wells, and their observed steep well- and field-declines.

Figure 2-76. Oil production and number of producing wells in the Spraberry, Wolfcamp,
and Bone Spring plays to 2014, with EIA reference case projection for these plays
through 2040.115
The forecast total recovery of 9.8 billion barrels over the 2012-2040 period amounts to nearly five times the
1.98 billion barrels recovered from 1980 to the present, and 73% of the plays “unproved technically
recoverable resources as of January 1, 2012.116
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Growth in the Permian Basin plays is largely a result of redevelopment of long-established plays with better
technology, including horizontal drilling and fracking, rather than the new discoveries represented by the
Bakken and Eagle Ford. Most of the Permian plays first began to produce significant amounts of oil and gas
back in the 1950s. More than 70,000 wells have been drilled of which 43,000 are currently producing. As
such they are not analogues to the Bakken and Eagle Ford, from which significant production is just twelve
and six years old, respectively. The Bakken and Eagle Ford currently produce 62% of all U.S. tight oil (Figure
5), compared to 25% for the Permian plays. At least some of the oil produced from these so-called Permian
“tight oil” plays is conventional, as is most of the rest of Permian Basin production. Table 2-3 summarizes the
long history of development of these Permian Basin plays and contrasts that with the EIA’s tight oil forecast.

Wells Drilled

Wells
Producing

Production to
Date (Bbbls)

EIA Recovery
2012-2040
(Bbbls)

EIA Unproved
Resources as
of January 1,
2012 (Bbbls)

EIA Production
in 2040
(MMbbl/d)

60+

36756

25939

1.83

6.5

8.1

0.51

40+

5287

2473

0.21

0.7

2.0

0.05

60+

12837

6124

0.87

2.6

3.4

0.22

Delaware

60+

8468

3995

0.43

Not Stated

Not Stated

Not Stated

Glorieta-Yeso

60+

9365

4492

0.59

Not Stated

Not Stated

Not Stated

72713

43023

3.93

9.8+

13.5+

0.78+

Years
Produced

Spraberry
Avalon /
Bone Spring
Wolfcamp

Play

Total

Table 2-3. Age, wells, production117, EIA unproved technically recoverable resources118
and EIA reference case forecast for Permian Basin tight oil plays.119
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2.4.5 Permian Basin Plays Analysis Summary
Several conclusions can be made from the foregoing analysis of the Permian Basin plays:
1. Growth in Permian Basin production is largely a result of application of new technologies to old plays,
rather than significant new discoveries such as represented by the Bakken and Eagle Ford, although
there are some emerging Permian plays lumped by the EIA into “other” in its reference case tight oil
forecast.120
2. Productivity of wells in Permian tight oil plays is generally much lower on average than in the Bakken
and Eagle Ford. Well costs are also lower with both vertical and horizontal development possible, and
extensive infrastructure is in place, hence improving the economics of drilling despite the lower well
productivity.
3. These plays exhibit steep well- and field-declines mandating continuous high levels of drilling and
capital input to maintain production, although in the Spraberry declines are somewhat lower than in
the other Permian plays.
4. The EIA is projecting aggressive continued growth in production from these plays with a peak in 2021
followed by a gradual decline, and the recovery of nearly five times as much oil by 2040 as these
plays have produced in the past 34 years. This forecast is highly optimistic given the number of wells
that would have to be drilled and the amount of capital required.
5. Although these plays were not reviewed on a detailed county-by-county basis, they are highly likely to
exhibit “sweet spots” or “core areas” which are being targeted first, hence the number of wells and
capital input will need to increase later in the EIA’s forecast to moderate production decline.
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OTHER MAJOR PLAYS

Two other plays with significant production were singled out by the EIA121 in its reference case tight oil
forecast: the Austin Chalk in the Gulf Coast region and the Niobrara-Codell, in Colorado and Wyoming (a
projection for the Monterey was also provided by the EIA but has been dealt with in a previous report122, and
the Woodford Shale, which was also provided, has relatively insignificant oil production). These are reviewed
below.
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2.5.1 Austin Chalk Play
The EIA forecasts recovery of 4.9 billion barrels of oil from the Austin Chalk play between 2012 and 2040.
The analysis of actual production data presented below suggests that this forecast is highly unlikely to be
realized.
The Austin Chalk play has, like the Permian plays, been producing oil and gas for decades. Over 15,000 wells
have been drilled of which 5,000 are currently producing. The play has produced 1.17 billion barrels of oil
and 6.1 trillion cubic feet of natural gas over its lifetime. Figure 2-77 illustrates well distribution within the
Austin Chalk play. The play has seen the application of horizontal drilling for many years. Figure 2-78
illustrates the distribution of horizontal wells in the play which tend to be concentrated within certain areas.

Figure 2-77. Distribution of wells in the Austin Chalk play as of mid-2014 illustrating
highest one-month oil production (initial productivity, IP).123
Only wells drilled in 2006 and later are considered as possible “tight oil” production and colored by IP; wells
drilled prior to 2006 are predominantly conventional production. Well IPs are categorized approximately by
percentile; see Appendix.
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Figure 2-78. Distribution of wells in the Austin Chalk play categorized by drilling type, as
of early 2014.124
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Production of oil in the Austin Chalk has been declining and the number of producing wells is also falling as
illustrated in Figure 2-79. Oil production has declined by 83% since its peak in 1991.

Figure 2-79. Austin Chalk play oil and gas production and number of producing wells,
1980 to 2014.125
Producing well count is now about 5,000.
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A look at the split in production by well type reveals that horizontal wells have contributed the bulk of oil
production over the past 25 years and currently provide 90% of production (Figure 2-80).

Figure 2-80. Oil production from the Austin Chalk play by well type.126
Horizontal wells have been the major contributors since the early 1990s.
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A look at well quality reveals that the Austin Chalk is, like the Permian Basin plays, unremarkable by
comparison to the Bakken or Eagle Ford. Figure 2-81 illustrates the average well decline profile for all wells;
Figure 2-82 illustrates the average well decline profile for horizontal wells only. All wells on an energy
equivalent basis are about one third of the initial production of an average Bakken well in a top county.
Horizontal wells are slightly better (although 90% of “all” wells are horizontal so the only slight improvement
is not surprising), although the initial productivity of the average well still pales by comparison to a Bakken or
Eagle Ford well. The average three-year decline in oil production of Austin Chalk wells is comparable to the
Bakken at 85% for all wells and for horizontal wells.

Figure 2-81. Oil and gas average well decline profile for all wells in the Austin Chalk
play.127
On an energy equivalent basis these wells have an initial productivity of about one third that of the average
well in the top counties of the Bakken play. Decline profile is based on all wells drilled since 2009.
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Figure 2-82. Oil and gas average well decline profile for horizontal wells in the Austin
Chalk play.128
On an energy equivalent basis these wells have an initial productivity of about one third of the average
horizontal well in the top counties of the Bakken play. Decline profile is based on all horizontal wells drilled
since 2009.
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The EIA’s projection for Austin Chalk play production through 2040 in its reference case is illustrated in
Figure 2-83. Total recovery between 2012 and 2040 is forecast to be 4.9 billion barrels. This amounts to
11.3% of its U.S. reference case tight oil production through 2040. Cumulative production by 2040 amounts
to 65% of the “unproved technically recoverable resources” the EIA estimated for the Austin Chalk as at
January 1, 2012.
In this case the EIA’s forecast looks extremely optimistic. They are projecting a production rise to a peak in
2031, at 656,830 barrels per day, which is 20 times current production, followed by a gradual decline to
513,000 barrels per day in 2040—16 times current production. As noted earlier, production in this play along
with well count is falling, and well- and field-decline rates are high. In year one this forecast is already off by
145% on the high side. Given what is known, this EIA forecast would seem to have a very high optimist bias.

Figure 2-83. EIA reference case projection of oil production from the Austin Chalk
through 2040, with actual production to 2013.129
The forecast total recovery of 4.94 billion barrels over the 2012-2040 period amounts to 65% of the 7.6
billion barrels of the EIA’s “unproved technically recoverable resources as of January 1, 2012.130
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2.5.2 Niobrara-Codell Play
The EIA forecasts recovery of 4.9 billion barrels of oil from the Niobrara-Codell play between 2012 and 2040.
The analysis of actual production data presented below suggests that this forecast is unlikely to be realized.
The Niobrara-Codell play, like the Permian Basin plays and the Austin Chalk play, has been producing oil and
gas for decades. Over 30,800 wells have been drilled of which 13,900 are currently producing. The play has
produced 357 million barrels of oil and 3.8 trillion cubic feet of natural gas over its lifetime. Figure 2-84
illustrates well distribution within the Niobrara-Codell play. Figure 2-85 illustrates the distribution of wells in
the Wattenberg Field located mainly in Weld County of Colorado, where much of the drilling has occurred.

Figure 2-84. Distribution of wells in the Niobrara-Codell play as of mid-2014 illustrating
highest one-month oil production (initial productivity, IP).131
Only wells drilled in 2006 and later are considered as possible “tight oil” production and colored by IP; wells
drilled prior to 2006 are predominantly conventional production. Well IPs are categorized approximately by
percentile; see Appendix.
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Figure 2-85. Detail of Niobrara-Codell play showing distribution of wells as of mid-2014,
illustrating highest one-month oil production (initial productivity, IP).132
Map shows the Wattenberg Field of Weld County, Colorado, where much of the drilling has occurred. Only
wells drilled in 2006 and later are considered as possible “tight oil” production and colored by IP; wells
drilled prior to 2006 are predominantly conventional production. Well IPs are categorized approximately by
percentile; see Appendix.
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Production of oil in the Niobrara-Codell has been growing although the number of producing wells has been
falling recently as illustrated in Figure 2-86 (this may in part be related to flooding that occurred in Colorado
in late 2013). Oil production hit an all-time high in December 2013, but has declined by 18% since then
(again possibly related to the flooding).

Figure 2-86. Niobrara-Codell play oil and gas production and number of producing wells,
1980 to 2014.133
Producing well count is now about 13,900.
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A look at the split in production by well type reveals that horizontal wells now account for 77% of oil
production (Figure 2-87).

Figure 2-87. Oil production from the Niobrara-Codell play by well type.
Horizontal wells now produce 77% of the oil.134
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A look at well quality reveals that the Niobrara-Codell is unremarkable by comparison to the Bakken or Eagle
Ford. Figure 2-88 illustrates the average well decline profile for all wells; Figure 2-89 illustrates the average
well decline profile for horizontal wells only. All wells on an energy equivalent basis are about a tenth of the
initial production of an average Bakken well in a top county. Horizontal wells are much better (hence the fact
that they now make up 77% of production), although the initial productivity of the average well still pales by
comparison to a Bakken or Eagle Ford well. The average three-year decline of Niobrara-Codell wells is higher
than that of the Bakken at 93% for all wells and 90% for horizontal wells.

Figure 2-88. Oil and gas average well decline profile for all wells in the Niobrara-Codell
play.135
On an energy equivalent basis these wells have an initial productivity of about a tenth that of the average
well in the top counties of the Bakken play. Decline profile is based on all wells drilled since 2009.
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Figure 2-89. Oil and gas average well decline profile for horizontal wells in the NiobraraCodell play.136
On an energy equivalent basis these wells have an initial productivity of about one third of the average
horizontal well in the top counties of the Bakken play. Decline profile is based on all horizontal wells drilled
since 2009.
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The EIA’s projection for Niobrara-Codell play production through 2040 in its reference case is illustrated in
Figure 2-90. Total recovery between 2012 and 2040 is forecast to be 4.9 billion barrels. This amounts to 4%
of its U.S. reference case tight oil production through 2040. Cumulative production by 2040 is much higher
than the resource estimate, amounting to 423% of the “unproved technically recoverable resources” the EIA
estimated for the Niobrara-Codell as at January 1, 2012.
Notwithstanding the apparent overestimate of the EIA’s production forecast compared to resources, the
forecast has already been exceeded by production in year one. Nonetheless, the EIA projects that production
will be double current levels in 2031 followed by a gradual decline to 76% above current levels in 2040.
Given the very high well and field declines, among the highest of any play examined to date, this EIA forecast
would seem to have a high optimist bias.

Figure 2-90. EIA reference case projection of oil production from the Niobrara-Codell
through 2040, with actual production to 2013.137
The forecast total recovery of 1.75 billion barrels over the 2012-2040 period amounts to 438% of the 0.4
billion barrels of the EIA’s “unproved technically recoverable resources as of January 1, 2012.”138
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2.5.3 Key Characteristics of the Austin Chalk and Niobrara-Codell
Plays
The Austin Chalk and Niobrara-Codell plays are together projected to account for 15.3% of the tight oil
production in the EIA’s reference case tight oil forecast139 (the two other plays for which the EIA provided
individual play projections, the Woodford and Monterey, contribute only 2.4%). The EIA suggests these plays
will collectively produce 6.6 billion barrels between 2014 and 2040, which is more than four times as much
oil as they produced since their discoveries more than 40 years ago. Production is projected to rise to a peak
in 2031 at 890,000 barrels per day followed by a gradual decline through 2040, when these plays are
forecast to still be producing 720,000 barrels per day, which is nearly five times current levels (current
combined production is 147,000 barrels per day140). This is a very aggressive forecast considering their age
and extensive drilling and production history, their relatively low quality wells, and their observed steep welland field-declines.
Production growth in the Austin Chalk and Niobrara-Codell plays is largely a result of redevelopment of long
established plays with better technology, including horizontal drilling and fracking, rather than the new
discoveries represented by the Bakken and Eagle Ford. The Austin Chalk began production in the 1950s and
the Niobrara-Codell in the 1970s. More than 46,000 wells have been drilled of which 18,800 are currently
producing. As such they are not analogues to the Bakken and Eagle Ford, from which significant production
is just twelve and six years old, respectively. The Bakken and Eagle Ford currently produce 62% of all U.S.
tight oil (Figure 5), compared to 5.3% for the Austin Chalk and Niobrara-Codell. At least some of the oil
produced from these so-called “tight oil” plays is conventional. Table 2-4 summarizes the long history of
development of these plays and contrasts that with the expectations for them in EIA’s tight oil forecast.

Play
Austin Chalk
Niobrara-Codell
Total

EIA Unproved
Resources as of
January 1, 2012
(Bbbls)
7.6

EIA Production in
2040
(MMbbl/d)
0.51

Years
Produced
60+

Wells
Drilled
15308

Wells
Producing
4988

Production to
Date (Bbbls)
1.17

EIA Recovery
2012-2040
(Bbbls)
4.9

40+

30871

13888

0.36

1.8

0.4

0.20

46179

18876

1.53

6.7

8.0

0.72

Table 2-4. Age, wells, production141, EIA unproved technically recoverable resources142
and EIA reference case forecast for the Austin Chalk and Niobrara-Codell plays.143
Numbers may not add due to rounding.
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2.5.4 Austin Chalk and Niobrara-Codell Plays Analysis Summary
Several conclusions can be made from the foregoing analysis of the Austin Chalk and Niobrara-Codell plays:
1. Oil production in the Austin Chalk and Niobrara-Codell plays is largely a result of application of new
technologies to old plays, rather than significant new discoveries such as represented by the Bakken
and Eagle Ford. Despite the application of new technology oil production in the Austin Chalk is falling,
and the Niobrara-Codell may have peaked.
2. Productivity of wells in the Austin Chalk and Niobrara-Codell plays is generally much lower on average
than in the Bakken and Eagle Ford. Well costs may also be somewhat lower, although most new
production utilizes horizontal drilling, and extensive infrastructure is in place, hence improving the
economics of drilling despite the lower well productivity.
3. These plays exhibit steep well- and field-declines mandating continuous high levels of drilling and
capital input to maintain production.
4. The EIA is projecting aggressive growth in production from these plays with a peak in 2031 followed
by a gradual decline, and the recovery of more than four times as much oil by 2040 as they have
produced since their discoveries more than 40 years ago. This forecast is extremely optimistic given
the number of wells that would have to be drilled and the amount of capital required.
5. Although these plays were not reviewed on a detailed county-by-county basis, they are highly likely to
exhibit “sweet spots” or “core areas” which are being targeted first, hence the number of wells and
capital input will need to increase later in the EIA’s forecast to moderate production decline.
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2.6

ALL-PLAYS ANALYSIS

The foregoing analysis has reviewed—on a play-by-play basis—82% of the projected U.S. tight oil production in
the EIA reference case forecast through 2040. Eighty percent of this projected production has a “high” or
“very high” optimism bias, suggesting that actual production is likely to be far less than that projected by the
EIA over the long term. Moreover, the analysis suggests that the Bakken and Eagle Ford plays will remain the
foundation of the U.S. tight oil “shale revolution.” The plays outside of the Bakken and Eagle Ford are mainly
redevelopments of old plays, with tens of thousands of wells drilled over the preceding 40 to 60 years.
Despite the EIA’s assertion, for example, that Permian Basin plays such as the Spraberry, Wolfcamp, and
Bone Spring “have initial well production rates comparable to those found in the Bakken and Eagle Ford
shale formations”144, this is belied by the actual data. Average initial oil well productivities of these plays are
a half or less of the average initial production of a high quality county in the Bakken or Eagle Ford.
This section will further explore the outlook for overall U.S. tight oil production with a summary analysis of the
plays’ EIA forecasts, estimated ultimate recovery per well, associated natural gas production, and production
prospects to 2040.
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2.6.1 Summary of EIA Forecasts
Table 2-5 summarizes the salient details of the EIA’s tight oil production projections and estimates of
“unproved technically recoverable resources” and “proved reserves”; it also includes historical production for
context, and an “optimism bias” rating.

EIA
Projected
Recovery
20122040
(Bbbls)

Production
to Date
(Bbbls)145

EIA
Unproved
Resources
as of
January 1,
2012
(Bbbls)

Bakken

8.4

1.16

9.2

3.12

12.32

Percent of
Unproved
Resources
and Proved
Reserves
Recovered
by 2040 in
EIA
Forecast
68.3

Eagle Ford

10.7

0.90

9.3

3.37

12.67

84.8

Woodford

0.4

0.03

0.2

--

0.20

Austin Chalk

4.9

1.17

7.6

--

7.60

Spraberry

6.5

1.83

8.1

--

Niobrara
Avalon/Bone
Spring
Monterey

1.8

0.36

0.4

0.7

0.21

0.6

Wolfcamp

EIA Proved
Reserves
as of
2012
(Bbbls)

EIA Total
Proved and
Unproved
Technically
Recoverable
(Bbbls)

Play’s
Share of
Total
Recovery
(%)

EIA
Production
in 2040
(MMbbl/d)

Optimism
Bias

19.3

0.45

High

24.6

0.59

High

207.4

1.0

0.03

Very High

65.0

11.3

0.51

Very High

8.10

80.0

14.9

0.51

Very High

0.01

0.41

423.8

4.0

0.20

High

2.0

--

2.00

34.1

1.6

0.05

Low

--

0.6

--

0.60

102.3

1.4

0.06

High

2.6

0.87

3.4

--

3.40

77.6

6.1

0.22

High

Other

6.9

1.50

18.4

0.65

19.05

36.3

15.8

0.58

Total

43.6

8.03

59.2

7.15

66.35

65.7

100.0

3.20

Unknown
High to
Very High

Play

Table 2-5. Summary of EIA reference case tight oil forecast and assumptions146 and
stated unproved technically recoverable resources147 and proved reserves148, with
historical production and “optimism bias” rating.149
The “optimism bias” rating is based on the analysis in this report.
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2.6.2 Estimated Ultimate Recovery per Well
Average per-well estimated ultimate recovery (EUR) for each of the analyzed plays is illustrated in Figure
2-91. These EURs are offered for comparative purposes only; each play is treated the same, with the average
well decline data used in the first three years followed by an exponential decline at a terminal decline rate
(the jury is out on the actual long term oil recovery of tight oil wells). This comparison highlights that the
Bakken’s and Eagle Ford’s per-well EURs are two to more than four times higher than that of the other plays.
For all plays, high decline rates of tight oil wells mean that 43% to 64% of the EUR is recovered in the first
three years.

Figure 2-91. Estimated ultimate recovery (EUR) of oil per well of reviewed plays.150
Roughly half of the EUR is recovered in the first three years due to steep decline rates. These estimates of
EUR per well are generally higher than those provided by the EIA151 which are (in Kbbls): Bakken, 63-212;
Eagle Ford, 97-223; Spraberry, 108; Wolfcamp, 68; Avalon/Bone Spring, 80; Austin Chalk, 51-95; Niobrara,
12.
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Horizontal wells generally improve the per-well EURs somewhat. Figure 2-92 illustrates the same comparison
for horizontal wells only. Although looking at only horizontal wells markedly improves plays like the NiobraraCodell, illustrating the difference that new technology is making, the Bakken’s and Eagle Ford’s EURs per
well are still nearly double to triple the average well performance of the other plays.

Figure 2-92. Estimated ultimate recovery (EUR) of oil per horizontal well for reviewed
plays.152
Roughly half of the EUR is recovered in the first three years due to steep decline rates. These estimates of
EUR per well are generally higher than those provided by the EIA 153 which are (in kbbls): Bakken, 63-212;
Eagle Ford, 97-223; Spraberry, 108; Wolfcamp, 68; Avalon/Bone Spring, 80; Austin Chalk, 51-95; Niobrara,
12.
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2.6.3 Natural Gas Production Component
The natural gas production component of many of these plays is also an important contributor to energy
production and economics (all these plays produce both oil and gas). Natural gas can be converted to its oil
energy equivalent at a ratio of 6,000 cubic feet of gas to one barrel of oil. On a price basis, however, oil is far
more valuable, so whereas 1,000 cubic feet of gas is equivalent to one sixth of a barrel of oil on an energy
equivalent basis, it is only equivalent to one twentieth or less of the value of a barrel of oil at current prices.
Figure 2-93 illustrates the EUR comparison between plays on a “barrels of oil equivalent” basis. The same
pattern holds: the Bakken’s and Eagle Ford’s EURs per well are two to more than six times higher than the
EURs per well of the other plays.

Figure 2-93. Estimated ultimate recovery (EUR) of oil and gas per well of reviewed plays,
on a “barrels of oil equivalent” basis.154
The Bakken’s and Eagle Ford’s EURs per well are two to more than six times the EURs per well of the other
five plays.
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Looking at horizontal wells only on an oil and gas EUR energy equivalency basis, production from some of
these plays is considerably higher—and in plays like the Austin Chalk, Bone Spring, and Niobrara-Codell,
natural gas is half or more of total energy production. Nonetheless, the Bakken’s and Eagle Ford’s EURs per
well remain 39% to 141% higher than the other plays on an energy equivalency basis.

Figure 2-94. Estimated ultimate recovery (EUR) of oil and gas per horizontal well of
reviewed plays, on a “barrels of oil equivalent” basis.155
The Bakken’s and Eagle Ford’s EURs per well are 34% to 141% higher than the other plays.
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2.6.4 Production Through 2040
This report provides tight oil production projections for the Bakken and Eagle Ford plays—which account for
62% of current production—and production history, well quality and other factors controlling future
production for additional major plays which comprise a further 27% of tight oil production. The Bakken and
Eagle Ford are particularly important as they are projected to account for over half of total production well
into the next decade. This analysis reveals that more than two times the projected production from the
Bakken and Eagle Ford will have to be produced from other plays to meet the EIA reference case forecast by
2040: a tall order which is unlikely to be realized given the fundamentals of these plays as outlined in this
report.
Figure 2-95 compares the EIA’s reference case projection through 2040 for tight oil production156 to the
most likely of the Bakken and Eagle Ford scenarios presented in sections 2.3.1.6 and 2.3.2.6, respectively
(the “Most Likely Rate” scenarios of the “Realistic” cases of the respective plays).

Figure 2-95. “Most Likely Rate” scenarios (“Realistic” cases) of Bakken and Eagle Ford
tight oil production compared to the EIA reference case, 2000 to 2040.157
Total oil recovery forecast by the EIA from these plays is 19.2 billion barrels from 2012-2040 versus 13.7
billion barrels in this report.
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This comparison reveals:


The EIA’s forecast of the timing of peak production in the Bakken and Eagle Ford is similar to this
report.



The EIA’s forecast of the rate at peak production is lower than this report, but only slightly.



The EIA projects a much higher tail after peak production, with recovery of 19.2 billion barrels
between 2012 and 2040, as opposed to 13.9 billion barrels forecast in this report.



The EIA forecasts collective production from these plays to be 1 million barrels per day in 2040,
suggesting considerably more oil will be recovered after that date; in contrast, the “Most Likely”
drilling rate scenario presented in this report forecasts that production will fall to about 73,000
barrels per day by 2040.

The EIA’s reference case projections for the Bakken and Eagle Ford require the recovery of 19.2 billion
barrels by 2040. This amounts to 77% of the sum of proved reserves (6.49 billion barrels)158 and estimated
“unproved technically recoverable resources” (18.5 billion barrels)159 claimed for these two plays. Unproved
technically recoverable resources have no price constraints applied and are loosely constrained by geological
parameters; to assume the recovery of 77% of proved reserves plus unproved resources by 2040 is
extremely optimistic.
Moreover, the EIA’s Bakken and Eagle Ford forecast amounts to the recovery of 40% more oil than this
report’s analysis suggests those plays can produce by 2040 (assuming capital will even be available to drill
more than 51,000 additional wells in these plays at a cost of some $410 billion). The EIA’s assumption that
production from the Bakken and Eagle Ford will still be at more than one million barrels per day in 2040,
after producing over 19.6 billion barrels since 2000, strains credibility to the limit.
The large difference between this report’s projections and the EIA’s forecasts for the Bakken and Eagle Ford,
coupled with the high to very high optimism bias in the EIA’s forecast for most of the other plays analyzed,
suggests that the EIA’s total U.S. tight oil forecast is likely to be seriously overstated, and hence very difficult
or impossible to achieve. Figure 2-96 illustrates the production that would be required from all other tight oil
plays to meet the EIA’s reference case tight oil forecast from 2012 through 2040 (43.6 billion barrels), after
accounting for this report’s “Most Likely” scenario forecasts for the Bakken and Eagle Ford (which are 5.3
billion barrels less than the EIA’s through 2040). The result is 29.7 billion barrels that must be made up from
other tight oil plays, or two times the projected recovery from the Bakken and Eagle Ford by 2040 (13.9
billion barrels), over this period.
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Figure 2-96. “Most Likely” scenario projections of oil production for the Bakken and
Eagle Ford plays160 with the remaining amount of production that would be required
from other plays to meet the EIA’s total reference case forecast.161
The EIA forecasts 43.6 billion barrels of U.S. tight oil will be recovered from 2012 to 2040. After subtracting
the 13.9 billion barrels projected by this report for the Bakken and Eagle Ford, 29.7 billion barrels would
remain to be produced from all other tight oil plays—5.3 billion barrels more than the EIA’s already optimistic
forecast for these plays.
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2.7

SUMMARY AND IMPLICATIONS

The growth of U.S. tight oil production is one of the few bright spots contributing to global oil production
growth. Geopolitical turmoil in parts of the Middle East and northern and western Africa, coupled with
production declines in other major producers such as Russia162, has kept oil prices persistently near historic
highs. Investments by oil majors in upstream oil and gas production have increased three-fold since 2000 yet
production is up just 14%.163 Economist Mark Lewis points out that “the damage has been masked so far as
big oil companies draw down on their cheap legacy reserves”, but that “they are having to look for oil in the
deepwater fields off Africa and Brazil, or in the Arctic, where it is much more difficult. The marginal cost for
many shale plays is now $85 to $90 a barrel.”164
Given these factors it is important to understand the long term supply limitations of U.S. tight oil. The analysis
presented herein, which is based on one of the best commercial databases of well production information
available165, finds that the longevity of U.S. tight oil production at meaningful rates is highly questionable.
Certainly production will rise in the short term, but with the very likely peaking of the Bakken and Eagle Ford
plays (which provide 62% of current U.S. tight oil output) in the 2016-2017 timeframe, maintaining
production or even stemming the decline will require ever greater amounts of drilling, along with the capital
input to sustain it. This will require higher prices, for the nature of shale plays is that the sweet spots get
drilled first and progressively lower quality rock gets drilled last.
Furthermore, much of the purported “tight oil” production outside of the Bakken and Eagle Ford comes from
long-established plays benefiting from the application of new technology, not new discoveries. Tens of
thousands of wells have been drilled in these plays over the past 40 or more years and they have produced
much oil and gas, yet the EIA forecast expects them to produce 4-5 times their historical production in the
next 26 years. These plays have well qualities as defined by initial productivity and EUR of less than half of
the Bakken and Eagle Ford on average. The concept that high quality tight oil plays like the Bakken and Eagle
Ford are widespread is false.
The EIA, which is viewed as perhaps the most authoritative source of U.S. energy production forecasts, has
consistently overestimated future production.166 The analysis presented herein suggests that this is the case
with respect to tight oil. A play-by-play analysis of the data with respect to the EIA forecasts reveals a high to
very high “optimism bias”. The EIA assumes that 65% to 85% of its “proved reserves and unproved
technically recoverable resources as of January 1, 2012” will be recovered by 2040 for most plays. Unproved
resources have no price constraints applied and are loosely constrained compared to “reserves” which are
proven to be recoverable with existing technology and economic conditions. Not only do the EIA’s projections
demonstrate a high or very high optimism bias, they also assume that the U.S. will exit 2040 with tight oil
production comparable to today, at 3.2 MMbbl/d. This is highly unlikely given a thorough analysis of the data.
The Bakken and the Eagle Ford have produced just under 2 billion barrels of oil to date and will continue to
produce much more oil, assuming drilling rates and the capital input to sustain them will be maintained. This
report projects that they will produce 13.9 billion barrels from 2012 to 2040, with marginal production under
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0.08 MMbbl/d in 2040, given unconstrained capital input. In contrast, the EIA forecasts 19.2 billion barrels
of cumulative production from these plays over the same period, with production of just over 1 MMbbl/d in
2040. Figure 2-97 illustrates the stark difference between the EIA’s projections and this report’s projections
of Bakken and Eagle Ford tight oil production.

Figure 2-97. Bakken and Eagle Ford plays projected cumulative oil production from
2012 to 2040 and daily oil production in 2040, EIA projection167 versus this report’s
projection.

The EIA’s forecast strains credibility, given the known decline rates, well quality by area, available drilling
locations, and the number of wells that would need to be drilled to make that happen. Given this report’s
“Most Likely” scenario estimate for the Bakken and Eagle Ford based on the analysis in this report, the
remaining significant U.S. tight oil plays would need to produce 29.7 billion barrels of oil between 2012 and
2040 to meet the EIA’s forecast—more than twice as much as the Bakken and Eagle Ford combined (see
Figure 2-96). However, the EIA projects that these plays will produce just 23.5 billion barrels between 2014
and 2040. A more realistic best-case estimate, assuming capital inputs are not a constraint, is for these
plays to produce about ten billion barrels over this period, which, coupled with 12.7 billion barrels from the
Eagle Ford and Bakken, is just over half of the EIA’s forecast by 2040—if everything goes right. Producing this
much oil from these plays will require much higher oil prices than today’s in the latter part of the 2014-2040
period. Most troubling from an energy security point of view is that much of the tight oil production will occur
in the early years of this period, making supply ever more problematic later on.
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The consequences of getting it wrong on future tight oil production are immense. The EIA projects that the
U.S. will be a significant oil importer in 2040 (Figure 2-2). Although the flush of tight oil production is likely to
peak before 2020 and decline thereafter at much more rapid rates than projected by the EIA, there is
increasing pressure by industry to allow crude oil exports.168 The longer term geopolitical complications
certain to arise given increased competition for available oil exports in a shrinking export market should be
obvious. Rather than viewing tight oil as an unlimited bounty, it should be viewed for what it is—a short term
reprieve from the inexorable decline in U.S. oil production. A sensible energy policy would be based on this
prospect.
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3.1

INTRODUCTION

3.1.1 Overview
The widespread adoption of hydraulic fracturing (“fracking”) and horizontal drilling in the United States to
extract oil and natural gas from previously inaccessible shale formations has been termed the “shale
revolution.” U.S. natural gas production, thought to be in terminal decline as recently as 2005, has exceeded
its all-time 1973 peak. The U.S. Energy Information Administration (EIA) now projects domestic gas
production to reach nearly 38 trillion cubic feet per year by 2040, which is 55% above 2013 levels.
Although the U.S. is still a net importer of gas from Canada, there is now a rush to export natural gas
overseas. Four liquefied natural gas (LNG) export terminals have been approved—one of which is under
construction at Sabine Pass in Louisiana—with a further 13 “proposed” and an additional 13 under
consideration as “potential”.1 The enthusiasm for LNG exports is based on the assumption that the North
American gas supply will continue to grow for the foreseeable future and prices will remain low, resulting in
an attractive differential with much higher gas prices in Europe and Asia.
The environmental, health, and quality of life impacts of shale development have stoked controversy across
the country. In contrast, the expectation of long-term domestic natural gas abundance—driven by optimistic
forecasts from industry and government—has been widely reported and little questioned, despite the myriad
economic and policy consequences. There is no question that the development of shale gas has created a
surge in production. However, a look at the fundamentals of shale plays reveals that they come with serious
drawbacks, both in terms of environmental impact and the sustainability of long term production.
This report investigates whether the EIA’s expectation of long-term domestic gas abundance is founded. It
aims to gauge the likely future production of U.S. shale gas, based on an in-depth assessment of actual well
production data from the major shale plays. It determines future production profiles given assumed rates of
drilling, average well quality by area, well- and field-decline rates, and the estimated number of available
drilling locations. This analysis is based on all drilling and production data available through early- to mid2014.
The analysis shows that maintaining U.S. shale gas production, let alone increasing production at rates
forecast by the EIA through 2040, will be problematic. Four of the top seven shale gas plays are already in
decline. Of the major plays, only the Marcellus, along with associated gas from the Eagle Ford and Bakken
tight oil plays, are increasing—and yet, the EIA reference gas forecast calls for plays currently in decline to
grow to new production highs, at moderate future prices. Lesser plays like the Utica and others are also
counted on for strong growth. Although significantly higher gas prices needed to justify higher drilling rates
could temporarily reverse decline in some of these plays, the EIA forecast is unlikely to be realized.
The analysis also underscores the amount of drilling, the amount of capital investment, and the associated
scale of environmental and community impacts that will be required to meet these projections. These
findings call into question plans for LNG exports and highlight the real risks to long-term U.S. energy security.
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3.1.2 Methodology
This report analyzes the top five U.S. shale gas plays—the Barnett, Haynesville, Fayetteville, Woodford and
Marcellus—as well as associated gas production from the top two tight oil plays, the Bakken and Eagle Ford.
Together these plays make up 88% of shale gas production through 2040 in the EIA’s 2014 Annual Energy
Outlook (AEO 2014).
The primary source of data for this analysis is Drillinginfo, a commercial database of well production data
widely used by industry and government, including the EIA.2 Drillinginfo also provides a variety of analytical
tools which proved essential for the analysis.
A detailed analysis of well production data for the major shale gas plays reveals several fundamental
characteristics that will determine future production levels:
1. Rate of well production decline: Shale gas plays have high well production decline rates, typically in
the range of 75-85% in the first three years.
2. Rate of field production decline: Shale gas plays have high field production declines, typically in the
range of 30-45% per year, which must be replaced with more drilling to maintain production levels.
3. Average well quality: All shale gas plays invariably have “core” areas or “sweet spots”, where
individual well production is highest and hence the economics are best. Sweet spots are targeted
and drilled off early in a play’s lifecycle, leaving lesser quality rock to be drilled as the play matures
(requiring higher gas prices to be economic); thus the number of wells required to offset field decline
inevitably increases with time. Although technological innovations including longer horizontal
laterals, more fracturing stages, more effective additives and higher-volume frack treatments have
increased well productivity in the early stages of the development of all plays, they have provided
diminishing returns over time, and cannot compensate for poor quality reservoir rock.
4. Number of potential wells: Plays are limited in area and therefore have a finite number of locations
to be drilled. Once the locations run out, production goes into terminal decline.
5. Rate of drilling: The rate of production is directly correlated with the rate of drilling, which is
determined by the level of capital investment.
The basic methodology used is as follows:


Historical production, number of currently producing wells and total wells drilled, the split between
horizontal and vertical/directional wells, and the overall play area were determined for all plays.
Average well decline for wells, both horizontal and vertical/directional, and the average estimated
ultimate recovery (EUR), were also assessed for all plays. These parameters were assessed at both
the play level and at the county level (the top counties in terms of the number of producing wells
were analyzed individually, whereas counties with few wells were aggregated).



Field decline rates and the number of available drilling locations were determined at the county- and
play-level for all plays.
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First-year average production was established from type decline curves (i.e., average well decline
profiles) constructed for all wells drilled in the year in question; 2013 was the year used as
representative of future average first-year production levels per well. Average first-year production is
used to determine the number of wells needed to offset field decline each year, and to determine the
production trajectory over time given various drilling rates. In determining future production rates,
the current trends in well productivity over time were considered; for example if recent well quality
trends were increasing, it was assumed for plays in early stages of development that well quality
would increase somewhat in the future before declining as drilling moves into lower quality outlying
portions of plays.



Projections of future production profiles were made for all plays based on various drilling rate
scenarios. These projections assume a gradation over time from the well quality observed in the
current top counties of a play to the well quality observed in the outlying counties as available drilling
locations are used up. The different drilling rate scenarios were prepared so that the effect of a high
drilling rate, presumably due to favorable economic conditions, compared to a low or a “Most Likely”
drilling rate, could be assessed, both in terms of production over time and cumulative gas recovery
from the play by 2040.



Production projections and the production history and cumulative production for all plays were then
compared to the EIA forecasts to assess the likelihood that these forecasts could be met.



All plays were then compared to each other in terms of well quality and other parameters and an
overall assessment of the likely long-term sustainability of shale gas production was determined.

Although public pushback against hydraulic fracturing (“fracking”) due to health and environmental concerns
has limited access to drilling locations in states like New York and Maryland and several municipalities, as
well as triggered lawsuits, this report assumes there will be no restrictions to access due to environmental
concerns. It also assumes there will be no restrictions on access to the capital required to meet the various
drilling rate scenarios. In these respects, it presents a “best case,” as any restrictions on access to drilling
locations or to the capital needed to drill wells would reduce forecast production levels.
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3.2

THE CONTEXT OF U.S. GAS PRODUCTION

3.2.1 U.S. Gas Production Forecasts
The EIA’s Annual Energy Outlook 2014 provides various scenarios of future U.S. gas production, as well as
price projections and stated assumptions in terms of available technically recoverable reserves and
resources, play areas, well productivity, and so forth.
Figure 3-1 illustrates the range of the EIA’s gas production forecasts through 2040 compared to historical
production. These scenarios project U.S. gas production to rise anywhere from 37% to 71% above 2013
levels by 2040 and recover between 856 and 971 trillion cubic feet of gas over the 2013-2040 period. This
amounts to 2.5-2.9 times the proved reserves that existed as of 20123 (proved reserves are generally
considered to be economically recoverable with current technology). Adding in unproved resources, which are
uncertain estimates without price constraints, between 37% and 42% of remaining potentially recoverable
gas in the U.S. will be consumed over the next 26 years according to the EIA projections. This amounts to the
equivalent of 85% to 99% of all the gas produced over the 54 years between 1960 and 2013.

Figure 3-1. Scenarios of U.S. gas production through 2040 from the EIA’s Annual Energy
Outlook 20144 compared to historical production from 1960.
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The source of this optimism in future gas production is the application of high-volume, multi-stage, hydraulic
fracturing technology (“fracking”) in horizontal wells, which has unlocked previously inaccessible gas trapped
in highly impermeable shales. Figure 3-2 illustrates the EIA’s reference case gas production projection by
source through 2040. Although conventional production is forecast to be flat or grow only slightly over the
period, shale gas is forecast to more than double from 2013 levels and be 53% of a much expanded supply
by 2040. Gas prices in this reference case are forecast to remain below $5 per million Btu (MMBtu) (2012
dollars) through 2024 and $6/MMBtu through 2030. Some 15% of production is forecast to be available for
LNG and other exports in 2040, and net imports from Canada will cease by 2018.

Figure 3-2. EIA reference case forecast of U.S. natural gas production by source through
2040.5
Overall production increases 55% from 2013 to 2040, whereas shale gas increases 112% over the same
period.

DRILLING DEEPER

166

PART 3: SHALE GAS

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

THE CONTEXT OF U.S. GAS PRODUCTION

Figure 3-3 illustrates EIA forecasts for shale gas production in several cases. These assume the extraction of
between 66% and 79% of the EIA’s estimated 611 trillion cubic feet of proved shale gas reserves and
unproved resources by 20406 (unproved resources have no implied price required for extraction and are
highly uncertain compared to proved reserves which are recoverable with current technology under current
economic conditions).

Figure 3-3. EIA scenarios of U.S. shale gas production through 2040.7
Unproved technically recoverable resources are estimated by the EIA at 489 trillion cubic feet and proved
reserves at 122 trillion cubic feet8, so these scenarios amount to the recovery of 66% to 79% of all proved
reserves and unproved resources by 2040.
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THE CONTEXT OF U.S. GAS PRODUCTION

Figure 3-4 illustrates how the EIA reference case projections for shale gas production are divided between
plays.

Figure 3-4. EIA reference case forecast of shale gas production divided by play through
2040.9
This report analyzed the seven most productive plays, which account for 88% of EIA’s reference case shale
gas production forecast to 2040.

The EIA reference case clearly expects the seven shale gas plays analyzed in this report to provide the bulk of
production through 2040, with “other” plays increasing significantly after 2020. Shale gas production in all
these plays has risen quickly due to rapid increases in drilling rates and sustained high levels of capital input;
however, four of them are now in decline. High well- and field-decline rates, coupled with a finite number of
drilling locations, suggest that production will be problematic to sustain, let alone grow at these forecast
rates. Section 3 of this report explores the realistic production potential for these plays in depth.
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3.2.2 Current U.S. Shale Gas Production
Production of shale gas began in the Barnett play of eastern Texas in the late 1990s and early 2000s. With
the widespread application of horizontal drilling and hydraulic fracturing (“fracking”) beginning in 2003,
production grew rapidly. The Haynesville play of Louisiana and east Texas was unknown as recently at 2007,
and became the largest shale play in the U.S. at its peak in late 2011——although production has
subsequently declined by 46%. The distribution of shale plays in the U.S. lower 48 states is illustrated in
Figure 3-5.

Figure 3-5. Distribution of lower 48 states shale gas and oil plays.10
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THE CONTEXT OF U.S. GAS PRODUCTION

Current production from U.S. shale gas plays is estimated by the EIA at 37 billion cubic feet per day. Despite
the apparent widespread nature of shale plays in Figure 3-5, nearly half of this production comes from just
two plays——the Barnett and the Marcellus—and 78% comes from just five plays. Figure 3-6 illustrates shale
gas production by play from 2000 through August 2014 according to the EIA.

Figure 3-6. U.S. shale gas production by play from 2000 through July 2014, according to
the EIA.11
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3.3

MAJOR U.S. SHALE GAS PLAYS

3.3.1 Barnett Play
The EIA forecasts recovery of 53 Tcf of gas from the Barnett play by 2040. The analysis of actual production
data presented below suggests that this forecast is unlikely to be realized.
The Barnett play is where shale gas production got its start in the late 1990s and the combination of
horizontal drilling with multi-stage hydraulic fracturing (“fracking”) was first applied at scale. Shale fracking
was commercialized here by Mitchell Energy, a company headed by the late George Mitchell, “the father of
fracking.”12 Figure 3-7 illustrates the distribution of wells as of early 2014. Over 19,600 wells have been
drilled to date of which 15,906 were producing at the time of writing. The play covers parts of 24 counties
although most of the drilling is concentrated in five counties in east Texas surrounding the city of Dallas/Fort
Worth.

Figure 3-7. Distribution of wells in the Barnett play as of early 2014, illustrating highest
one-month gas production (initial productivity, IP).13
Well IPs are categorized approximately by percentile; see Appendix.
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MAJOR U.S. SHALE GAS PLAYS

Production in the Barnett peaked at nearly six billion cubic feet per day in December 2011 as illustrated in
Figure 3-8. Ninety-four percent of current production is from horizontal fracked wells. The rate of drilling grew
from about 500 (mainly vertical) wells per year in 2002 to a peak of over 2,800 (mainly horizontal) wells per
year in 2008. It has since fallen to about 400 wells per year which is insufficient to offset field decline.
Drilling rates required to keep production flat at current production levels are about 1,161 wells per year.

Figure 3-8. Barnett play shale gas production and number of producing wells, 2000 to
2014.14
Gas production data are provided on a “raw gas” basis.
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MAJOR U.S. SHALE GAS PLAYS

Vertical wells played a significant role in the early development of the Barnett play and still produce some oil
and gas, although new wells are predominantly horizontal. The evolution of the Barnett began in Denton and
adjacent counties with vertical and directional wells before moving to horizontal wells as the limits of the play
were defined, as illustrated in Figure 3-9.

Figure 3-9. Distribution of gas wells in Barnett play categorized by drilling type, as of
early 2014.15
Development began with vertical and directional wells in Denton County before expanding to largely
horizontal drilling as the play’s limits were defined.
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Production by well type is illustrated in Figure 3-10. There were still 3,366 producing vertical or directional
wells, or 21% of the 15,906 producing wells in the play at the time of writing—yet these now produce less
than 6% of total gas output. Very few vertical/directional wells are being drilled today; the future of the play
lies in horizontal fracked wells. The dramatic growth in production from horizontal wells is noted in Figure
3-10.

Figure 3-10. Gas production from the Barnett play by well type, 2000 to 2014.16
Fracking of horizontal wells at scale got underway in the Barnett in 2003.
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The first key fundamental in determining the life cycle of Barnett production is the well decline rate. Barnett
wells exhibit high decline rates in common with all shale plays. Figure 3-11 illustrates the average decline
rate of Barnett horizontal and vertical/directional wells. Decline rates are steepest in the first year and are
progressively less in the second and subsequent years. The decline rate over the first three years of average
well life is 75%, which is considerably higher than most conventional wells. As can be seen,
vertical/directional wells have much lower productivity than horizontal wells and hence are being phased out.

Figure 3-11. Average decline profile for gas wells in the Barnett play.17
Decline profile is based on all shale gas wells drilled since 2009.
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A second key fundamental is the overall field decline rate, which is the amount of production that would be
lost for the entire play in a year without more drilling. Figure 3-12 illustrates production from the 12,000
horizontal wells drilled prior to 2013. The first-year decline rate is 23%. This is lower than the well decline
rate as the field decline is made up of both new wells declining at high rates and older wells declining at
lesser rates. It is also one of the lowest field decline rates observed in any shale field. Assuming new wells
will produce in their first year at the average first-year rates observed for wells drilled in 2013, 1,161 new
wells each year would be required to offset field decline at current production levels. At an average cost of
$3.5 million per well,18 this would represent a capital input of about $4 billion per year, exclusive of leasing
and other ancillary costs, just to keep production flat at 2013 levels.

Figure 3-12. Production rate and number of horizontal shale gas wells drilled in the
Barnett play prior to 2013, 2008 to 2014.19
This defines the field decline for the Barnett play, which is 23% per year (only production from horizontal
wells is analyzed as few vertical/directional wells are likely to be drilled in the future).
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MAJOR U.S. SHALE GAS PLAYS

The third key fundamental is the average well quality by area and its trend over time. Petroleum engineers
tell us that technology is constantly improving, with longer horizontal laterals, more frack stages per well,
more sophisticated mixtures of proppants and other additives in the frack fluid injected into the wells, and
higher-volume frack treatments. This has certainly been true over the past few years, along with multi-well
pad drilling which has reduced well costs. It is, however, approaching the limits of diminishing returns, and
improvements in average well quality are non-existent in the Barnett. The average first-year production rate
of Barnett wells is down 17%from what it was in 2011, as illustrated in Figure 3-13. This is clear evidence
that geology is winning out over technology, as drilling moves into lower-quality locations as investigated
further below.

Figure 3-13. Average first-year production rates for Barnett horizontal and
vertical/directional gas wells, 2009 to 2013.20
Average well quality has fallen by 17% from 2011, a clear indication that geology is trumping technology in
this mature shale play.
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Another measure of well quality is cumulative production and well life. More than 14% of the horizontal wells
that have been drilled in the Barnett are no longer productive. Figure 3-14 illustrates the cumulative
production of these shut-down wells over their lifetime. At a mean lifetime of 37 months and a mean
cumulative production of 0.38 billion cubic feet, these wells would in large part be economic losers.

Figure 3-14. Cumulative gas production and length of time produced for Barnett
horizontal wells that were not producing as of February 2014.21
These well constitute more than 14% of all horizontal wells drilled; most would be economic failures, given
the mean life of 37 months and average cumulative production of 0.38 billion cubic feet when production
ended.
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MAJOR U.S. SHALE GAS PLAYS

Figure 3-15 illustrates the cumulative production of all horizontal wells that were producing in the Barnett as
of March 2014. Although it can be seen that there are a few very good wells that recovered large amounts of
gas in the first few years, and undoubtedly were great economic successes, the average well had produced
just 0.95 billion cubic feet over a lifespan averaging 58 months. Just 1% of these wells are more than 10
years old.
The lifespan of wells is another key parameter as many operators assume a minimum well life of 30 years
and longer; this is conjectural given the lack of data and the large numbers of wells that have been shut
down after less than 10 years.

Figure 3-15. Cumulative gas production and length of time produced for Barnett
horizontal wells that were producing as of March 2014.
These well constitute 86% of all horizontal wells drilled. Very few wells are greater than ten years old, with a
mean age of 58 months and a mean cumulative recovery of 0.95 billion cubic feet.22
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Cumulative production of course depends on how long a well has been producing, so looking at young wells
in not necessarily a good indication of how much gas these wells will produce over their lifespan (although
production is heavily weighted to the early years of well life). A measure of well quality independent of age is
initial productivity (IP), which is often focused on by operators. Figure 3-16 illustrates the average daily output
over the first six months of production for all wells in the Barnett play (six-month IP). Again, as with
cumulative production, there are a few exceptional wells—one percent produced more than 4 million cubic
feet per day (MMcf/d)—but the average for all wells drilled since 1995 is just 1.04 MMcf/d. Figure 3-7
illustrates the distribution of IPs in map form.

Figure 3-16. Average gas production over the first six months for all wells drilled in the
Barnett play, 1995 to 2014.
Although there are a few exceptional wells, the average well produced 1.04 million cubic feet per day over
this period.23 The trend line indicates mean productivity over time.
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Different counties in the Barnett display markedly different well quality characteristics which are critical in
determining the most likely production profile in the future. Figure 3-17, which illustrates production over
time by county, shows that as of April 2014, the top two counties produced 57% of the total, the top five
produced 88%, and the remaining 19 counties produced just 12%.

Figure 3-17. Gas production by county in the Barnett play, 2000 through 2014.24
The top five counties produced 88% of production in April 2014.
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The same trend holds in terms of cumulative production since the field commenced. As illustrated in Figure
3-18, the top two counties have produced 56% of the gas and the top five have produced 92%. All of the
counties have peaked, although with increased drilling rates some could conceivably resume production
growth.

Figure 3-18. Cumulative gas production by county in the Barnett play through 2014.25
The top five counties have produced 92% of the 15.6 trillion cubic feet of gas produced to date.
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The Barnett also produces limited amounts of natural gas liquids and oil. Most liquids production is not
within the top five counties but is located in the northern and western extremities of the play as illustrated in
Figure 3-19. Some 59 million barrels of liquids have been produced since 2000, and although it has
somewhat improved economics in marginal counties for gas production, in the big picture liquids production
from the Barnett is relatively insignificant (Figure 3-20).

Figure 3-19. Distribution of gas and oil wells in the Barnett play as of early 2014.26
Liquids production from wells classified as “oil” occurs mainly in the northern and western extremities of the
play.
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Figure 3-20. Cumulative liquids production by county in the Barnett play through 2014.27
The “other 19” counties account for 65% of the 59 million barrels produced to date.
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Operators are highly sensitive to the economic performance of the wells they drill, which typically cost on the
order of $3.5 million or more each in the Barnett, not including leasing costs and other expenses. The areas
of highest quality——the “core” or “sweet spots”——have now been well defined. Figure 3-21 illustrates
average horizontal well decline curves by county, which are a measure of well quality (recognizing that future
gas production from the Barnett will be from horizontal, not vertical, wells). Initial well productivities (IPs)
from Tarrant and Johnson counties are double those of Wise and Parker counties and quadruple those of the
outlying 19 counties. The decline curves from the top three counties are all above the Barnett average,
hence these counties are attracting the bulk of the drilling and investment—but they are nearly saturated
with wells. Future drilling will have to focus more and more on lesser-quality counties.

Figure 3-21. Average horizontal gas well decline profiles by county for the Barnett
play.28
The top three counties, which have produced much of the gas in the Barnett, are clearly superior.

Another measure of well quality is “estimated ultimate recovery” or EUR——the amount of gas a well will
recover over its lifetime. To be clear, no one knows what the lifespan of an average Barnett well is, given that
few of them are more than ten years old (see Figure 3-14 and Figure 3-15), and some 14% of horizontal wells
drilled have ceased production at an average age of just over three years. Operators fit hyperbolic and/or
exponential curves to data such as presented in Figure 3-21, assuming well life spans of 30-50 years (as is
typical for conventional wells), but so far this is speculation, given the nature of the extremely low
permeability reservoirs and the completion technologies used in the Barnett. Nonetheless, for comparative
well quality purposes only, one can use the data in Figure 3-21, which exhibits steep initial decline with
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progressively more gradual decline rates, and assume a constant terminal decline rate thereafter to develop
a theoretical EUR.
Figure 3-22 illustrates theoretical EURs by county for the Barnett for comparative purposes of well quality.
These range from 1.01 to 2.34 billion cubic feet per well, which are somewhat higher than the 0.19 to 1.62
billion cubic feet assumed by the EIA.29 The steep initial well production declines mean that well payout, if it
is achieved, comes in the first few years of production, as between 51% and 58% of an average well’s
lifetime production occurs in the first four years.

Figure 3-22. Estimated ultimate recovery of gas per well by county for the Barnett play.30
EURs are based on average well decline profiles (Figure 3-21) and a terminal decline rate of 15%. These are
for comparative purposes only as it is highly uncertain if wells will last for 30 years. The steep decline rates
mean that most production occurs early in well life.
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Well quality can also be expressed as the average rate of production over the first year of well life. If we know
both the rate of production in the first year of the average well and the field decline rate, we can calculate the
number of wells that need to be drilled each year to offset field decline in order to maintain production. Given
that drilling is currently focused on the highest quality counties, the average first-year production rate per
well will fall as drilling moves into lower-quality counties as the best locations are drilled off. As average well
quality falls, the number of wells that must be drilled to offset field decline must rise, until the drilling rate
can no longer offset decline and the field peaks.
Figure 3-23 illustrates the average first year production rate of wells by county. Notwithstanding modest
recent gains in the top two counties—which are also those that are most densely drilled—the average well
quality is flat or falling, as progressively more wells are drilled in lower quality parts of individual counties and
in the play overall.

Figure 3-23. Average first-year gas production rates of wells by county for the Barnett
play, 2009 to 2013.31
Well quality is rising modestly in Tarrant and Johnson counties and falling or flat in other counties. First year
production rate in the lowest 19 counties, where the bulk of remaining drilling locations are, is less than a
quarter of the top two counties, and is falling.
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The fourth key fundamental is the number of wells that can ultimately be drilled. The Bureau of Economic
Geology at the University of Texas at Austin has done a detailed analysis of the Barnett in which they suggest
a total of 29,217 wells will be drilled by 2030 in its base case (including 15,144 wells drilled through 2010
and 14,073 new wells to be drilled through 2030).32 The range of total estimated wells in the University of
Texas study was from 20,636 for its low case to 40,267 for its high case. The EIA, on the other hand,
suggests that there are 6,725 square miles that can be drilled at a density of 8 wells per square mile for a
total of 53,797 wells.33 However, more than two-thirds of the EIA’s estimated wells occur in counties with
very low production potential (EUR estimated by the EIA of just 0.19 Bcf per well)—hence it is questionable if
many of these wells would ever be drilled. It is also not clear if the EIA’s drillable area excludes areas already
drilled, which, if so, would increase the total area of the play and the number of wells that ultimately would
be drilled.
A careful review of the drilling production levels by well in Figure 3-7 reveals that the limits of the Barnett play
are quite well defined. Total play area is about 5,140 square miles, which translates to 41,121 locations if
drilled at a density of eight wells per square mile. Given that prospective parts of Denton County now exceed
eight wells per square mile (averaging 8.86 per square mile) the ultimate total well count would be 41,426
(i.e., 305 more wells than the 8 per square mile limit given the Denton County overshoot), which includes
3,732 wells drilled since 1995 that are no longer producing. This is considerably higher than the University of
Texas base case estimate of wells drilled by 2030 and lower than the EIA estimate (although the Browning et
al. study does not state the number of wells to be drilled beyond 2030 in any of its cases). It assumes that
21,788 wells remain to be drilled in the Barnett play, so that the well count will more than double from
current levels assuming that capital input is not a constraint in drilling marginal wells. It also assumes that
drilling will not be constrained by surface features such as towns, parks etc. and thus is a best case
estimate.
Table 3-1 lists the critical parameters used for determining the future production rates of the Barnett play.
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Parameter

County

Total

Denton

Johnson

Parker

Tarrant

Wise

Other 19

0.61

0.92

0.27

1.88

0.65

0.57

4.91

13

19

6

38

13

12

100

Cumulative Gas (Tcf)

2.39

3.73

0.82

5

2.34

1.29

15.57

Cumulative Liquids (MMBBL)

7.14

0.32

2.31

0.31

10.76

37.99

58.85

Number of Wells

3147

3848

1596

4448

3065

3534

19638

Number of Producing Wells

2678

3028

1135

3735

2608

2722

15906

Average EUR per well (Bcf)

1.84

1.81

1.17

2.34

1.4

1.01

1.70

Field Decline (%)

19.05

23.81

25.75

24.86

22.56

20.58

23.37

Production April 2014
(Bcf/d)
% of Field Production

3-Year Well Decline (%)
Peak Year
% Below Peak
Average First Year Production
in 2013 (Mcf/d)
New Wells Needed to Offset
Field Decline
Area in square miles
% Prospective

72

81

77

78

70

55

75

Jan-12

May-09

Dec-08

Sep-12

Oct-13

May-12

Dec-11

16

43

18

20

7.5

5.6

18

1032

1740

812

1701

900

308

988

113

126

86

275

163

382

1161

888

729

904

864

905

19000

23290

40

90

90

80

80

10

22

Net Square Miles

355.2

656.1

813.6

691.2

724

1900

5140

Well Density per square mile
Additional locations to 8/sq.
Mile
Population

8.86

5.86

1.96

6.44

4.23

1.86

3.82

0

1401

4913

1082

2727

11666

21788

584238

126811

88495

1446219

48793

N/A

N/A

3147

5249

6509

5530

5792

15200

41426

2678

4429

6048

4817

5335

14388

37694

Total Wells 8/sq. Mile
Total Producing Wells 8/sq.
Mile

Table 3-1. Parameters for projecting Barnett production, by county.
Area in square miles under “Other” is estimated.
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Given known well- and field-decline rates, well quality by area, and the number of available drilling locations,
the most important parameter in determining future production levels is the rate of drilling—the fifth key
fundamental. Figure 3-24 illustrates the historical drilling rates in the Barnett. Horizontal drilling rates
peaked in 2008 at 2,707 wells per year and have fallen to current levels of less than 400 wells per year.
Current drilling rates are far less than the 1,161 wells per year required to maintain production at current
levels, hence each new well drilled now serves only to slow the overall production decline of the play.

Figure 3-24. Annual gas production added per new horizontal well and annual drilling
rate in the Barnett play, 2000 through 2014.34
Drilling rate peaked in 2008 and is now far below the level needed to keep production flat, hence each new
well now only serves to slow the overall production decline of the play.
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Based on the five key fundamentals outlined above, several production projections for the Barnett play were
developed to illustrate the effects of changing the rate of drilling. Figure 3-25 illustrates the production
profiles of four drilling rate scenarios if 100% of the prospective play area is drillable at eight wells per
square mile. These scenarios are:
1. MOST LIKELY RATE scenario: Drilling increases from the current rate to 600 wells per year, then
gradually declines to 500 wells per year
2. LOW RATE scenario: Drilling continues at current level of 400 wells per year, holding constant.
3. TRIPLE RATE scenario: Drilling increases to 1,200 wells per year, then gradually declines to 600
wells per year.
4. QUINTUPLE RATE scenario: Drilling increases to 2,000 per year, then gradually declines to 1,000
wells per year.

Figure 3-25. Four drilling rate scenarios of Barnett gas production (assuming 100% of
the area is drillable at eight wells per square mile).35
“Most Likely Rate” scenario: drilling increases to 600 wells/year, declining to 500 wells/year.
“Low Rate” scenario: drilling continues at 400 wells/year, holding constant.
“Triple Rate” scenario: drilling increases to 1,200 wells/year, declining to 600 wells/year.
“Quintuple Rate” scenario: drilling increases to 2,000 wells/year, declining to 1,000 wells/year.
Although the peak month was December 2011, on a total year production basis the peak year is 2012.
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The drilling rate scenarios have the following results:
1. MOST LIKELY RATE scenario: The drilling rate declines after its initial increase as drilling moves into
poorer quality locations. Total gas recovery by 2040 would be 39.2 trillion cubic feet, and drilling
would continue beyond 2040.
2. LOW RATE scenario: Total gas recovery by 2040 would be 34.8 trillion cubic feet, and drilling would
continue beyond 2040.
3. TRIPLE RATE scenario: Total gas recovery by 2040 would be 45.6 trillion cubic feet, and drilling
would end by 2039.
4. QUINTUPLE RATE scenario: The current production decline would be reversed and grow to a new
peak in 2016; however, drilling locations would run out by 2028 followed by a steep production
decline, making the supply situation much worse in later years than in the “Most Likely Rate”
scenario. Total gas recovery by 2040 would be 46.7trillion cubic feet.
Both the recovery of 39.2 trillion cubic feet by 2040 in the “Most Likely Rate” scenario and the recovery of
46.7 trillion cubic feet in the “Quintuple Rate” scenario agree well with the University of Texas study, which
calculates an ultimate recovery of 45 Tcf for the Barnett.36 (They continue their analysis through 2050 for
their ultimate recovery estimate, hence there is almost perfect agreement with the “Most Likely Rate”
scenario given that considerably more gas would be recovered after 2040).
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Figure 3-26 illustrates the EIA’s projection for Barnett production through 2040 compared to the “Most Likely
Rate” scenario. The EIA projects a recovery by 2040 of 53.3 Tcf to meet its reference case forecast (44.4 Tcf
between 2012 and 2040). Not only is this far higher than the projections of this report and the University of
Texas study, it projects a new high in production in 2040, which implies very considerable future production
after 2040. Furthermore, this amounts to the complete recovery of all of the EIA’s estimated 20.3 Tcf of
proved reserves by 204037 plus 23.7 Tcf of unproved resources (44 Tcf in total).38 This strains credibility to
the limit; how can all the proved and unproved resources and reserves be extracted and still have production
at all-time highs in 2040?

Figure 3-26. “Most Likely Rate” scenario of Barnett gas production compared to the EIA
reference case, 2000 to 2040.39
The EIA assumes the Barnett will reach a new all-time high by 2040 after producing all proved reserves and
unproved resources, and presumably produce a great deal more gas in the post-2040 period. Note that
although the peak month was December 2011, on a total year production basis the peak year is 2012. The
EIA forecast is made on a “dry gas” basis, whereas the “Most Likely Rate” scenario forecast is made on a
“raw gas” basis. The EIA production data are also shown on a dry basis; the difference between the EIA’s
data and the Drillinginfo data used in this report may be due to the shrinkage factor between “raw” and “dry”
gas.40
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Several things are clear from this analysis:
1. Drilling rates have fallen markedly in the Barnett due to gas prices and to saturation of sweet spots
with wells.
2. High well- and field-decline rates mean a continued high rate of drilling is required to maintain, let
alone increase, production. Current drilling rates of 384 wells per year are far below the level of
1,161 wells per year required to maintain production, which would require the investment of $4
billion per year for drilling (assuming $3.5 million per well). Future production profiles are most
dependent on drilling rate and, to a lesser extent, on the number of drilling locations (i.e., greatly
increasing the number of drilling locations would not change the production profile nearly as much
as changing the drilling rate). Maintaining or growing production in the Barnett would require much
higher gas prices to justify higher drilling rates.
3. Quintupling current drilling rates could reverse the current production decline and raise production to
a new peak in the 2016 timeframe, but would increase cumulative recovery only by 19% by 2040
and wouldn’t change the ultimate recovery of the play. Increasing drilling rates effectively recovers
the gas sooner, making the supply situation worse later.
4. The projected recovery of 39.2 Tcf by 2040 in this report’s “Most Likely Rate” scenario is comparable
to the University of Texas study’s ultimate recovery of 45 Tcf (given that considerable gas would be
recovered in the ”Most Likely Rate” scenario after 2040).41 Both are significantly less than the EIA’s
reference case projection of 53.3 Tcf by 2040.
5. This report’s projections are optimistic in that they assume the capital will be available for the drilling
treadmill that must be maintained. They also assume that 100% of the prospective area is drillable.
This is not a sure thing as drilling in the poorer quality parts of the play will require much higher gas
prices to be economic. Failure to maintain drilling rates will result in a steeper drop off in production.
6. More than double the current number of producing wells will need to be drilled to meet the
production projection of the “Most Likely Rate” scenario over the next several decades.
7. The EIA projection for future Barnett gas production included in its reference case forecast for AEO
201442 strains credibility to the limit. It is highly unlikely to be realized, especially at the gas prices
the EIA forecasts.43

DRILLING DEEPER

194

PART 3: SHALE GAS

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

MAJOR U.S. SHALE GAS PLAYS

3.3.2 Haynesville Play
The EIA forecasts recovery of 102 Tcf of gas from the Haynesville play by 2040. The analysis of actual
production data presented below suggests that this forecast is highly unlikely to be realized.
The Haynesville play was discovered in 2007 and production rapidly increased until it became the largest
shale gas play in the U.S. at its peak in early 2012. Figure 3-27 illustrates the distribution of wells as of early
2014. Over 3,500 wells have been drilled to date, of which 3,274 were producing at the time of writing. The
play covers parts of 16 counties although most of the drilling is concentrated in Caddo, DeSoto, and Red
River parishes in Louisiana and Panola County in east Texas.

Figure 3-27. Distribution of wells in the Haynesville play as of early 2014, illustrating
highest one-month gas production (initial productivity, IP).44
Well IPs are categorized approximately by percentile; see Appendix.
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Production in the Haynesville peaked at more than 7 billion cubic feet per day in January 2012 as illustrated
in Figure 3-28. Ninety-five percent of current production is from horizontal fracked wells. Horizontal drilling
grew from virtually nothing in 2008 to a peak rate of 1,050 wells per year in mid-2011. It has since fallen to
215 wells per year, which is insufficient to offset field decline. Drilling rates required to keep production flat
at current production levels are about 400 wells per year.

Figure 3-28. Haynesville play shale gas production and number of producing wells, 2007
to 2014.45
Gas production data are provided on a “raw gas” basis.
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Although vertical and directional wells played a role in the early development of the Haynesville play and still
produce some oil and gas, new wells are predominantly horizontal. There are still 417 producing vertical and
directional wells at the time of writing, or 14% of the 3,274 producing wells in the play, yet they produce less
than 5% of gas output. Production by well type is illustrated in Figure 3-29. Very few vertical/directional wells
are being drilled today—the future of the play lies in horizontal fracked wells.

Figure 3-29. Gas production from the Haynesville play by well type, 2008 to 2014.46
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The first key fundamental in determining the life cycle of Haynesville production is the well decline rate.
Haynesville wells exhibit high decline rates in common with all shale plays. Figure 3-30 illustrates the
average decline rate of the most recent Haynesville horizontal and vertical/directional wells. Decline rates
are steepest in the first year and are progressively less in the second and subsequent years. The average
decline rate over the first three years of well life is 88%, one of the highest of the plays analyzed. As can be
seen, vertical/directional wells have lower productivity than horizontal wells and hence are being phased out.

Figure 3-30. Average decline profile for gas wells in the Haynesville play.47
Decline profile is based on all shale gas wells drilled since 2009.
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A second key fundamental is the overall field decline rate, which is the amount of production that would be
lost in a year in the Haynesville without more drilling. Figure 3-31 illustrates production from the 2,600
horizontal wells drilled prior to 2013. The first-year decline is 49%. This is lower than the well decline rate as
the field decline is made up of both new wells declining at high rates and older wells declining at lesser rates.
It is also one of the highest field decline rates observed in any shale field. Assuming new wells will produce in
their first year at the average first-year rates observed for wells drilled in 2013, approximately 400 new wells
each year would be required to offset field decline at current production levels. At an average cost of $9
million per well48, this would represent a capital input of about $3.6 billion per year, exclusive of leasing and
other ancillary costs, just to keep production flat at 2014 levels.

Figure 3-31. Production rate and number of horizontal shale gas wells drilled in the
Haynesville play prior to 2013, 2008 to 2014.49
This defines the field decline for the Haynesville play, which is 49% per year (only production from horizontal
wells is analyzed as few vertical/directional wells are likely to be drilled in the future).
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The third key fundamental is the average well quality by area and its trend over time. Petroleum engineers
tell us that technology is constantly improving, with longer horizontal laterals, more frack stages per well,
more sophisticated mixtures of proppants and other additives in the frack fluid injected into the wells, and
higher-volume frack treatments. This has certainly been true over the past few years, along with multi-well
pad drilling which has reduced well costs. It is, however, approaching the limits of diminishing returns, and
improvements in average well quality appear to have ended in the Haynesville. The average first-year
production rate of Haynesville wells has been flat over the past year after rising significantly in the early years
of the play, as illustrated in Figure 3-32. This is clear evidence that geology is winning out over technology, as
drilling moves into lower-quality locations (as investigated further below), given that operators tend to apply
more sophisticated technology over time.

Figure 3-32. Average first-year production rates for Haynesville horizontal and
vertical/directional gas wells, 2009 to 2013.50
Average well quality is flat in the most recent year after rising significantly in the early years of the play.
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Another measure of well quality is cumulative production and well life. Nearly 5% of the wells that have been
drilled in the Haynesville are no longer productive. Figure 3-33 illustrates the cumulative production of these
shut-down wells over their lifetime. At a mean lifetime of 21 months and a mean cumulative production of
1.1 billion cubic feet, many of these wells would be economic losers, although wells that produced more than
three billion cubic feet were likely economic despite their short lifespan.

Figure 3-33. Cumulative gas production and length of time produced for Haynesville
wells that were not producing as of February 2014.51
These well constitute nearly 5% of all horizontal wells drilled; many would be economic failures, given the
mean life of 21 months and average cumulative production of 1.1 billion cubic feet when production ended.
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Figure 3-34 illustrates the cumulative production of all wells that were producing in the Haynesville in March
2014. Roughly 18% of the wells have produced more than 4 billion cubic feet over a relatively short lifespan
and are clearly economic; however, 33% have yet to produce 2 billion cubic feet. The average well has
produced 2.8 billion cubic feet over a lifespan averaging 38 months. Just 8% of these wells are more than 5
years old.
The lifespan of wells is another key parameter as many operators assume a minimum life of 30 years and
longer; this is conjectural at this point given the lack of long-term production data.

Figure 3-34. Cumulative gas production and length of time produced for Haynesville
wells that were producing as of March 2014.52
These well constitute 95% of all wells drilled. Very few wells are greater than five years old, with a mean age
of 38 months and a mean cumulative recovery of 2.8 billion cubic feet.
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Cumulative production of course depends on how long a well has been producing, so looking at young wells
is not necessarily a good indication of how much gas these wells will produce over their lifespan (although
production is heavily weighted to the early years of well life). A measure of well quality, independent of age, is
initial productivity (IP), which is often focused on by operators. Figure 3-35 illustrates the average daily output
over the first six months of production for all wells in the Haynesville play (six month IP). Again, as with
cumulative production, there are a few exceptional wells——3% produced more than 12 million cubic feet per
day (MMcf/d)——but the average for all wells drilled since 2009 is 5.72 MMcf/d. Figure 3-27 illustrates the
distribution of IPs in map form.

Figure 3-35. Average gas production over the first six months for all wells drilled in the
Haynesville play, 2009 to 2014.53
Although there are a few exceptional wells, the average well produced 5.48 million cubic feet per day over
this period. The trend line indicates mean productivity over time
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Different counties in the Haynesville display different well quality characteristics which are critical in
determining the most likely production profile in the future. Figure 3-36, which illustrates production over
time by county, shows that, as of April 2014, the top two counties produced 56% of the total, the top four
produced 74%, and the remaining 12 counties produced just 26%.

Figure 3-36. Gas production by county in the Haynesville play, 2007 through 2014.54
The top four counties produced 74% of production in April 2014.
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The same trend holds in terms of cumulative production since the field commenced. As illustrated in Figure
3-37, the top two counties have produced 56% of the gas and the top four have produced 70%. All of the
counties except Panola in Texas have peaked although with increased drilling rates some could conceivably
resume production growth. Production in the top county—DeSoto—is down 55% from peak and production in
the other counties is down from 26% to 59%.

Figure 3-37. Cumulative gas production by county in the Haynesville play through 2014.
The top four counties have produced 70% of the 9.4 trillion cubic feet of gas produced to date.55
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The Haynesville also produces very limited amounts of natural gas liquids and oil. Most liquids production is
not within the top four counties as illustrated in Figure 3-38. Some 1.5 million barrels of liquids have been
produced since 2006, and although it has somewhat improved economics in marginal counties for gas
production, in the big picture liquids production from the Haynesville is insignificant.

Figure 3-38. Cumulative liquids production by county in the Haynesville play through
2014.
The “other 12” counties account for 82% of the 1.5 million barrels produced to date.56
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Operators are highly sensitive to the economic performance of the wells they drill, which typically cost on the
order of $9 million or more each57, not including leasing costs and other expenses. The areas of highest
quality——the “core” or “sweet spots”——have now been well defined. Figure 3-39 illustrates average well
decline curves by county, which are a measure of well quality. Initial well productivities (IPs) are more closely
grouped than in the Barnett, however the top producing counties——DeSoto and Red River in Louisiana, —
which are in steep decline——are significantly better than Panola County in Texas, which is the only county
growing in production. There are still a significant number of locations in which to drill wells in the top
producing counties, although the overall play area of the Haynesville is smaller than plays like the Barnett
and is dwarfed by the Marcellus.58

Figure 3-39. Average horizontal gas well decline profiles by county for the Haynesville
play.
The top two counties, which have produced much of the gas in the Haynesville, are clearly superior.59

Another measure of well quality is “estimated ultimate recovery” or EUR——the amount of gas a well will
recover over its lifetime. To be clear, no one knows what the lifespan of an average Haynesville well is, given
that few of them are more than five years old (see Figure 3-33 and Figure 3-34), and some 5% of wells drilled
have ceased production at an average age of under two years. Operators fit hyperbolic and/or exponential
curves to data such as presented in Figure 3-39, assuming well life spans of 30-50 years (as is typical for
conventional wells), but so far this is speculation given the nature of the extremely low permeability
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reservoirs and the completion technologies used in the Haynesville. Nonetheless, for comparative well quality
purposes only, one can use the data in Figure 3-39, which exhibits steep initial decline with progressively
more gradual decline rates, and assume a constant terminal decline rate thereafter to develop a theoretical
EUR.
Figure 3-40 illustrates theoretical EURs by county for the Haynesville for comparative purposes of well
quality. These range from 3.0 to 5.9 billion cubic feet per well, which agrees fairly well with the 3.14 to 3.71
billion cubic feet assumed by the EIA.60 The steep initial well production declines mean that well payout, if it
is achieved, comes in the first few years of production, as between 70% and 78% of an average well’s
lifetime production occurs in the first four years.

Figure 3-40. Estimated ultimate recovery of gas per well by county for the Haynesville
play.61
EURs are based on average well decline profiles (Figure 3-39) and a terminal decline rate of 20%. These are
for comparative purposes only as it is highly uncertain if wells will last for 30 years. The steep decline rates
mean that most production occurs early in well life.

DRILLING DEEPER

208

PART 3: SHALE GAS

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

MAJOR U.S. SHALE GAS PLAYS

Well quality can also be expressed as the average rate of production over the first year of well life. If we know
both the rate of production in the first year of the average well and the field decline rate, we can calculate the
number of wells that need to be drilled each year to offset field decline in order to maintain production.
Figure 3-41 illustrates the average first-year production rate of wells by county. Notwithstanding significant
gains in Red River Parish (which has the smallest prospective area of the top four counties), the average well
quality is flat on average and is declining in Caddo Parish.

Figure 3-41. Average first year gas production rates of wells by county for the
Haynesville play, 2009 to 2013.62
Well quality is rising significantly in Red River Parish but is flat on average for the play as a whole. Panola
County, which is the only county in which production is rising, had first-year average well production of less
than half that of Red River Parish in 2013.
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The fourth key fundamental is the number of wells that can ultimately be drilled in the Haynesville play. The
EIA has estimated the total play area in Louisiana and Texas at 3,419 square miles and suggests this can be
drilled at a well density of six per square mile, for a total of 20,511 wells. As 3,505 wells have already been
drilled this leaves 17,006 yet-to-drill wells.
Table 3-2 breaks down the number of yet-to-drill wells by county along with other critical parameters used for
determining the future production rates of the Haynesville play.
Parameter

County

Total

Caddo

DeSoto

Panola

Red River

Other 12

Production April 2014 (Bcf/d)

0.37

1.51

0.39

0.76

1.04

4.08

% of Field Production

9.1

37.1

9.6

18.7

25.6

100.0

Cumulative Gas (Tcf)

0.95

3.88

0.40

1.36

2.82

9.41

Cumulative Liquids (MMBBL)

0.07

0.02

0.17

0.00

1.21

1.47

Number of Wells

341

1281

262

396

1225

3505

Number of Producing Wells

326

1216

243

369

1120

3274

Average EUR per well (Bcf)

4.5

4.9

3

5.9

3.6

4.9

Field Decline (%)

34

50

52

49

50

49

3-Year Well Decline (%)

86

87

87

88

89

88

Sep-11

Dec-11

Rising

Jan-12

Jul-12

Jan-12

50

55

Rising

29

59

46

Peak Month
% Below Peak
Average First Year Production in 2013 (Mcf/d)

4492

5493

3330

9881

5286

5011

New Wells Needed to Offset Field Decline

28

138

61

38

99

399

Area in square miles

937

895

801

402

8000

11035

% Prospective

35

90

90

80

15

31

Net square miles

328

806

721

322

1243

3419

Well Density per square mile

1.04

1.59

0.36

1.23

0.99

1.03

Additional locations to 6/sq. Mile

1627

3552

4063

1534

6230

17006

254969

26656

22756

9091

N/A

N/A

Total Wells 6/sq. Mile

1968

4833

4325

1930

7455

20511

Total Producing Wells 6/sq. Mile

1952

4768

4306

1902

7351

20280

Population

Table 3-2. Parameters for projecting Haynesville production, by county.
Area in square miles under “Other” is estimated.
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Given known well- and field-decline rates, well quality by area, and the number of available drilling locations,
the most important parameter in determining future production levels is the rate of drilling—the fifth key
fundamental. Figure 3-42 illustrates the historical drilling rates in the Haynesville. Horizontal drilling rates
peaked in 2011 at 1,051 wells per year and have fallen to current levels of about 200 wells per year. Current
drilling rates are only half the 400 wells per year required to maintain production at current levels, hence
each new well drilled now serves only to slow the overall production decline of the play. It appears that the
drilling rate is stabilizing at 200 wells per year so production will keep falling until this number of wells is
sufficient to offset field decline.

Figure 3-42. Annual gas production added per new horizontal well and annual drilling
rate and in the Haynesville play, 2008 through 2014.63
Drilling rate peaked in 2011 and is now far below the level needed to keep production flat, hence each new
well now only serves to slow the overall production decline of the play.
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Based on the five key fundamentals outlined above, several production projections for the Haynesville play
were developed to illustrate the effects of changing the rate of drilling. Figure 3-43 illustrates the production
profiles of three drilling rate scenarios if 100% of the prospective play area is drillable at six wells per square
mile (the EIA estimate of well density as well as drillable area64). These scenarios are:
1. MOST LIKELY RATE scenario: Drilling increases by 50% from the current rate to 300 wells per year.
2. LOW RATE scenario: Drilling remains at the current rate of 200 wells per year and holds constant.
3. HIGH RATE scenario: Drilling more than doubles to 500 wells per year, then gradually declines to 300
wells per year.
In all of these scenarios there are sufficient drilling locations to maintain drilling beyond 2040.

Figure 3-43. Three drilling rate scenarios of Haynesville gas production (assuming 100%
of the area is drillable at six wells per square mile).65
“Most Likely Rate” scenario: drilling increases to 300 wells/year, holding constant.
“Low Rate” scenario: drilling holds constant at 200 wells/year.
“High Rate” scenario: drilling increases to 500 wells/year, declining to 300 wells/year.
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The drilling rate scenarios have the following results:
1. MOST LIKELY RATE scenario: Production will continue to fall until it stabilizes at about 3 billion cubic
feet per day—less than half of the Haynesville’s peak rate. Total gas recovery by 2040 would be 38.4
trillion cubic feet and drilling would continue beyond 2040.
2. LOW RATE scenario: Production will continue to fall until stabilizing at about 2 billion cubic feet per
day—less than a third of peak production rates. Total gas recovery by 2040 would be 29.7 trillion
cubic feet and drilling would continue beyond 2040.
3. HIGH RATE scenario: Production decline in the Haynesville could be temporarily reversed and grow
somewhat in the short term. Total gas recovery by 2040 would be 49.8 trillion cubic feet and drilling
would continue beyond 2040.
Total recovery of 38.4 trillion cubic feet by 2040 in the “Most Likely Rate” scenario is four times what has
been recovered so far in the Haynesville, and in the “High Rate” scenario as much as 49.8 trillion cubic feet
could be recovered; however, production rates would be far below those projected by the EIA for the
Haynesville play.
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Figure 3-44 illustrates the EIA’s projection for Haynesville production through 2040 compared to the “Most
Likely Rate” scenario. The EIA projects a recovery by 2040 of 102 Tcf to meet its reference case forecast,
and projects a new peak of the play in 2027 at a level far higher than the early-2012 peak. This represents
the recovery of 110% of both proved reserves66 and unproved resources.67 Furthermore, the EIA projects that
production in 2040 will be higher than the 2012 peak, suggesting that vastly more gas will be recovered
beyond 2040. This strains credibility to the limit. How can all the proved and unproved resources and
reserves be extracted and still have production above all-time highs in 2040?

Figure 3-44. “Most Likely Rate” scenario of Haynesville gas production compared to the
EIA reference case, 2000 to 2040.68
The EIA assumes the Haynesville will reach a new all-time high by 2027, produce 110% of proved reserves
and unproved resources by 2040, and presumably produce a great deal more gas in the post-2040 period. .
The EIA forecast is made on a “dry gas” basis, whereas the “Most Likely Rate” scenario forecast is made on
a “raw gas” basis.
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Several things are clear from this analysis:
1. Drilling rates have fallen markedly in the Haynesville due to gas prices, although there are still
locations to drill in the sweet spots.
2. High well- and field-decline rates mean a continued high rate of drilling is required to maintain, let
alone increase, production. The Haynesville field decline rate of 49% is the highest observed in any
shale gas play. Current drilling rates of 200 wells per year are just half of the level required to
maintain production. Maintaining production at current levels would require the investment of $3.6
billion per year for drilling (assuming $9 million per well). Future production profiles are most
dependent on drilling rate and, to a lesser extent, on the number of drilling locations (i.e., greatly
increasing the number of drilling locations would not change the production profile nearly as much
as changing the drilling rate). Maintaining or growing production in the Haynesville would require
considerably higher gas prices to justify higher drilling rates.
3. More than doubling current drilling rates could reverse the current production decline temporarily
and raise production somewhat, but nowhere near its early 2012 peak. Cumulative recovery by 2040
in this high drilling rate scenario would be increased by 30% over the “Most Likely Rate” scenario
but would still be less than half that projected by the EIA in its reference case.
4. The projected recovery of 38.4 Tcf by 2040 in the “Most Likely Rate” scenario represents four times
as much gas as has been recovered so far from the Haynesville, yet is only 38% of the 102 Tcf
projected by the EIA in its reference case forecast.
5. This report’s projections are optimistic in that they assume the capital will be available for the drilling
treadmill that must be maintained. They also assume that 100% of the prospective area is drillable.
This is not a sure thing as drilling in the poorer quality parts of the play will require higher gas prices
to be economic. Failure to increase current drilling rates will result in a steeper drop off in
production.
6. Nearly four times the current number of wells will need to be drilled to meet the production
projection of the “Most Likely Rate” scenario by 2040.
7. The EIA projection for future Haynesville gas production included in its reference case forecast for
AEO 2014,69 which forecasts recovery of 110% of proved reserves plus unproved resources by 2040,
strains credibility to the limit. It is highly unlikely to be realized, especially at the gas prices the EIA
forecasts.70
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3.3.3 Fayetteville Play
The EIA forecasts recovery of 41.5 Tcf of gas from the Fayetteville play by 2040. The analysis of actual
production data presented below suggests that this forecast is highly unlikely to be realized.
The Fayetteville play was discovered in Arkansas in 2005 and production grew rapidly until its peak in late
2012. Since that time it has been on an undulating production plateau with production down just over 2%
since peak. Figure 3-45 illustrates the distribution of wells as of early 2014. Nearly 5,300 wells have been
drilled to date of which 4,914 were producing at the time of writing. The play covers parts of 10 counties
although most of the drilling is concentrated in Cleburne, Conway, Faulkner, Van Buren and White counties.

Figure 3-45. Distribution of wells in the Fayetteville play as of early 2014, illustrating
highest one-month gas production (initial productivity, IP).71
Well IPs are categorized approximately by percentile; see Appendix.
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Production in the Fayetteville peaked at nearly 3 billion cubic feet per day in December 2012 as illustrated in
Figure 3-46. Ninety-nine percent of current production is from horizontal fracked wells. Horizontal drilling
grew from virtually nothing in 2006 to a peak rate of nearly 900 wells per year in late-2010. It has since
fallen to 500 wells per year, which is insufficient to offset field decline. Drilling rates required to keep
production flat at current production levels are about 600 wells per year.

Figure 3-46. Fayetteville play shale gas production and number of producing wells, 2005
to 2014.72
Gas production data are provided on a “raw gas” basis.
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The first key fundamental in determining the life cycle of Fayetteville production is the well decline rate.
Fayetteville wells exhibit high decline rates in common with all shale plays. Figure 3-47 illustrates the
average decline rate of Fayetteville wells. Decline rates are steepest in the first year and are progressively
less in the second and subsequent years. The average decline rate over the first three years of well life is
79%, which is well within the typical range of shale plays. Wells are generally more productive than Barnett
wells and less so than Haynesville wells. Production is almost exclusively dry gas with no liquids.

Figure 3-47. Average decline profile for horizontal gas wells in the Fayetteville play.73
Decline profile is based on all shale gas wells drilled since 2009.
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A second key fundamental is the overall field decline rate, which is the amount of production in the
Fayetteville that would be lost in a year without more drilling. Figure 3-48 illustrates production from the
4,200 wells drilled prior to 2013. The first-year decline rate is 34%. This is lower than the well decline rate as
the field decline is made up of both new wells declining at high rates and older wells declining at lesser rates.
Assuming new wells will produce in their first year at the average first-year rates observed for wells drilled in
2013, approximately 600 new wells each year would be required to offset field decline at current production
levels. At an average cost of $2.4 million per well74, this would represent a capital input of about $1.4 billion
per year, exclusive of leasing and other ancillary costs, to keep production flat at 2013 levels. Fayetteville
wells are among the cheapest of any shale play and this is likely what has allowed relatively high rates of
drilling to be maintained.

Figure 3-48. Production rate and number of horizontal shale gas wells drilled in the
Fayetteville play prior to 2013, 2008 to 2014.75
This defines the field decline for the Fayetteville play, which is 34% per year.
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The third key fundamental is the average well quality in the Fayetteville by area and its trend over time.
Petroleum engineers tell us that technology is constantly improving, with longer horizontal laterals, more
frack stages per well, more sophisticated mixtures of proppants and other additives in the frack fluid injected
into the wells, and higher-volume frack treatments. This has certainly been true over the past few years,
along with multi-well pad drilling which has reduced well costs. It is, however, approaching the limits of
diminishing returns, with average well productivity in the Fayetteville up just 2% in 2013, after rising
significantly in the early years of the play, as illustrated in Figure 3-49. Given the propensity of operators to
drill their best locations first, the slight increase in average quality may have as much to do with
concentrating drilling on the highest quality locations as with improvements in technology.

Figure 3-49. Average first-year production rates for Fayetteville gas wells, 2009 to
2013.76
Average well quality rose slightly in the most recent year.
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Another measure of well quality is cumulative production and well life. Nearly 8% of the wells that have been
drilled in the Fayetteville are no longer productive. Figure 3-50 illustrates the cumulative production of these
shut-down wells over their lifetime. At a mean lifetime of 31 months and a mean cumulative production of
0.34 billion cubic feet, most of these wells would be economic losers.

Figure 3-50. Cumulative gas production and length of time produced for Fayetteville
wells that were not producing as of February 2014.77
These well constitute nearly 8% of all wells drilled; most would be economic failures, given the mean life of
38 months and average cumulative production of 0.34 billion cubic feet when production ended.
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Figure 3-51 illustrates the cumulative production of all wells that were producing in the Fayetteville in March
2014. Roughly 6% of the wells have produced more than 2 billion cubic feet over a relatively short lifespan
and are clearly economic, however 57% have yet to produce 1 billion cubic feet. The average well has
produced 0.99 billion cubic feet over a lifespan of 44 months. Just 5% of these wells are more than 7 years
old.
The lifespan of wells is another key parameter as many operators assume a minimum well life of 30 years
and longer, though this is conjectural given the lack of long term production data.

Figure 3-51. Cumulative gas production and length of time produced for Fayetteville
wells that were producing as of March 2014.78
These constitute 92% of all wells drilled. Very few wells are greater than seven years old, with a mean age of
44 months and a mean cumulative recovery of 0.99 billion cubic feet.
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Cumulative production of course depends on how long a well has been producing, so looking at young wells
in not necessarily a good indication of how much gas these wells will produce over their lifespan (although
production is heavily weighted to the early years of well life). A measure of well quality, independent of age, is
initial productivity (IP). Figure 3-52 illustrates the average daily output over the first six months of production
for all wells in the Fayetteville play (six-month IP). Again, as with cumulative production, there are a few
exceptional wells—5% produced more than 3 million cubic feet per day (MMcf/d)—but the average for all
wells drilled since 2009 is 1.73 MMcf/d. Figure 3-45 illustrates the distribution of IPs in map form.

Figure 3-52. Average gas production over the first six months for all wells drilled in the
Fayetteville play, 2009 to 2014.79
Although there are a few exceptional wells, the average well produced 1.73 million cubic feet per day over
this period. The trend line indicates mean productivity over the time period.
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Different counties in the Fayetteville display different well quality characteristics, which are critical in
determining the most likely production profile in the future. Figure 3-53, which illustrates production over
time by county, shows that, as of May 2014, the top two counties produced 53% of the total, the top four
produced 93%, and the remaining 6 counties produced just 7%. All counties are below peak production
except Cleburne.

Figure 3-53. Gas production by county in the Fayetteville play, 2005 through 2014.80
The top four counties produced 93% of production in May 2014.
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The same trend holds in terms of cumulative production since the field commenced. As illustrated in Figure
3-54, the top two counties have produced 54% of the gas and the top four have produced 92%. All of the
counties except Cleburne have peaked, although with increased drilling rates some could conceivably
resume production growth. Production in the top county—Van Buren—is down 11% from peak and production
in other counties outside of the top four is down from 21 to 56%.

Figure 3-54. Cumulative gas production by county in the Fayetteville play through
2014.81
The top four counties have produced 92% of the 5.08 trillion cubic feet of gas produced to date.
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Operators are highly sensitive to the economic performance of the wells they drill, which typically cost on the
order of $2.4 million each82, not including leasing costs and other expenses. The areas of highest quality—
the “core” or “sweet spots”—have now been well defined. Figure 3-55 illustrates average well decline curves
by county which are a measure of well quality. Initial well productivities (IPs) are more closely grouped than in
the Barnett; however, the top producing counties—Van Buren and Conway, which are both in decline—are
somewhat better than the overall Fayetteville average and are significantly better than counties outside the
top five. There are still a significant number of locations to drill wells in the top producing counties, although
the overall play area of the Fayetteville is much smaller than plays like the Barnett and is dwarfed by the
Marcellus.83

Figure 3-55. Average horizontal gas well decline profiles by county for the Fayetteville
play.84
The low productivity outside of the top five counties seriously limits expansion of the play.

Another measure of well quality is “estimated ultimate recovery” or EUR—the amount of gas a well will
recover over its lifetime. To be clear no one knows what the average lifespan of a Fayetteville well is, given
that few of them are more than seven years old (see Figure 3-50 and Figure 3-51), and some 8% of wells
drilled have ceased production at an average age of about three years. Operators fit hyperbolic and/or
exponential curves to data such as presented in Figure 3-55, assuming well life spans of 30-50 years (as is
typical for conventional wells) by comparison to conventional wells, but so far this is speculation given the
nature of the extremely low permeability reservoirs and the completion technologies used in the Fayetteville.
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Nonetheless, for comparative well quality purposes only, one can use the data in Figure 3-55, which exhibits
steep initial decline with progressively more gradual decline rates, and assume a constant terminal decline
rate thereafter to develop a theoretical EUR.
Figure 3-56 illustrates theoretical EURs by county for the Fayetteville, for comparative purposes of well
quality. These range from 1.02 to 2.43 billion cubic feet per well, which is somewhat higher than the 0.84 to
1.44 billion cubic feet assumed by the EIA.85 The range of EURs in the top five counties is fairly small, but all
are roughly double the outlying counties which will serve to limit expansion of the play in future. The steep
initial well production declines mean that well payout, if it is achieved, comes in the first few years of
production, as between 55% and 62% of an average well’s lifetime production occurs in the first four years.

Figure 3-56. Estimated ultimate recovery of gas per well by county for the Fayetteville
play.86
EURs are based on average well decline profiles (Figure 3-55) and a terminal decline rate of 15%. These are
for comparative purposes only as it is highly uncertain if wells will last for 30 years. The steep decline rates
mean that most production occurs early in well life.
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Well quality can also be expressed as the average rate of production over the first year of well life. If we know
both the rate of production in the first year of the average well and the field decline rate, we can calculate the
number of wells that need to be drilled each year to offset field decline in order to maintain production.
Figure 3-57 illustrates the average first year production rate of wells by county over time. As noted earlier,
average well quality for the play is up 2% in 2013 and four of the top five counties are flat to slightly rising.
Van Buren County—the top producer—is declining, and no wells were drilled in 2013 outside of the top five
counties, hence an estimate for that year was not possible.

Figure 3-57. Average first-year gas production rates of wells by county in the Fayetteville
play, 2009 to 2013.87
Well quality is flat to slightly rising in four counties and declining in Van Buren County which is the top
producer. There were no wells drilled in 2013 outside of the top five counties so no estimate was possible for
that year.
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The fourth key fundamental is the number of wells that can ultimately be drilled in the Fayetteville play. The
EIA has estimated the total play area as 2,904 square miles, including 2,132 in the “central” and 772 in the
“west” area, and suggests this can be drilled at a well density of eight per square mile, for a total of 23,232
wells. In fact, the “west” area of the EIA has limited prospectivity—most wells there have ceased production—
and drilling in areas outside the top five counties has ceased as of 2014. A close look at the drilling data
limits the overall play area to 2,150 square miles, even allowing for 525 square miles of prospective area
outside of the top five counties, for a total well count of 17,230 when the play is completely developed. As
5,297 wells have already been drilled this leaves 11,933 yet-to-drill wells.
Table 3-3 breaks down the number of yet-to-drill wells by county along with other critical parameters used for
determining the future production rates of the Fayetteville play.
Parameter

County

Total

Cleburne

Conway

Faulkner

Van Buren

White

Other 5

Production May 2014 (Bcf/d)

0.60

0.66

0.18

0.83

0.56

0.02

2.85

% of Field Production

21.20

23.27

6.25

28.93

19.53

0.83

100.00

Cumulative Gas (Tcf)

0.72

1.14

0.33

1.61

1.20

0.07

5.08

Cumulative Liquids (MMBBL)

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Number of Wells

904

1098

377

1547

1227

144

5297

Number of Producing Wells

848

1015

322

1441

1168

120

4914

Average EUR per well (Bcf)

1.92

2.43

1.93

2.29

2.00

1.02

2.10

Field Decline (%)

34.64

37.02

37.02

27.22

26.12

31.32

34.02

78

78

78

79

79

80

79

Rising

2013

2012

2013

2011

2011

2012

N/A

2

21

11

15

56

2.2

Average First Year Production in 2013 (Mcf/d)

1496

1734

1641

1571

1616

1174

1592

New Wells Needed to Offset Field Decline

140

142

40

143

90

6

610

Area in square miles

553

556

647

712

1034

3500

7002

% Prospective

70

50

30

50

40

15

31

Net square miles

387

278

194

356

414

525

2153

Well Density per square mile

2.34

3.95

1.94

4.35

2.97

0.27

2.46

Additional locations to 8/sq. Mile

2193

1126

1176

1301

2082

4056

11933

Population

25970

21273

113237

17295

77076

N/A

N/A

Total Wells 8/sq. Mile

3097

2224

1553

2848

3309

4200

17230

Total Producing Wells 8/sq. Mile

3041

2141

1498

2742

3250

4176

16847

3-Year Well Decline (%)
Peak Year
% Below Peak

Table 3-3. Parameters for projecting Fayetteville production, by county.
Area in square miles under “Other” is estimated.
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A recent in-depth study of the Fayetteville by the Bureau of Economic Geology at the University of Texas (UT)
at Austin takes a more conservative view.88 Although they assign a study area of 2,737 square miles, they
exclude 20% of “partly drained” portions and 60% of undrilled portions from consideration, given
uncertainties about surface access and prospectivity. At the time of the 2011 data cutoff used in that study,
1,252 square miles had been tested by drilling, leaving 1,485 square miles undrilled—which leaves a net
developable area of 1,596 square miles. The UT study assumes in its base case that a total of 10,117 wells
will be drilled by 2030, which leaves just 4,820 yet-to-drill wells by 2030 given the 5,297 wells drilled as of
May 2014.
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Given known well- and field-decline rates, well quality by area, and the number of available drilling locations,
the most important parameter in determining future production levels is the rate of drilling—the fifth key
fundamental. Figure 3-58 illustrates the historical drilling rates in the Fayetteville. Drilling rates peaked in
2011 at just over 800 wells per year and have fallen to current levels of about 500 wells per year. Current
drilling rates are close to the 600 wells per year required to maintain production at current levels, hence
production is maintaining a slowly downward trending plateau.

Figure 3-58. Annual gas production added per new horizontal well and annual drilling
rate in the Fayetteville play, 2006 through 2014.89
Drilling rate peaked in 2010 and is now slightly below the level needed to keep production flat.
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Based on the five key fundamentals outlined above, several production projections for the Fayetteville play
were developed to illustrate the effects of changing the rate of drilling. Figure 3-59 illustrates the production
profiles of three drilling rate scenarios if 100% of the prospective play area is drillable at eight wells per
square mile. These scenarios are:
1. MOST LIKELY RATE scenario: Drilling remains at the current rate of 500 wells per year, then
gradually declines to 300 wells per year.
2. EXISTING RATE scenario: Drilling remains constant at the current rate of 500 wells per year.
3. HIGH RATE scenario: Drilling increases to 750 wells per year, then gradually declines to 500 wells
per year.

Figure 3-59. Three drilling rate scenarios of Fayetteville gas production (assuming 100%
of the area is drillable eight wells per square mile).90
“Most Likely Rate” scenario: drilling holds at 500 wells/year, declining to 300 wells per year.
“Existing Rate” scenario: drilling holds constant at 500 wells/year.
“High Rate” scenario: drilling increases to 750 wells/year, declining to 500 wells/year.
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The drilling rate scenarios have the following results:
1. MOST LIKELY RATE scenario: The rate of drilling declines as the inventory of drilling locations is used
up and drilling moves into outlying areas. Total gas recovery by 2040 would be 22.8 trillion cubic feet
and drilling would continue beyond 2040.
2. HIGH RATE scenario: The rate of drilling increases by 50% immediately and production would
increase to a new peak in 2016.. This scenario is considered unlikely unless there is a marked
increase in gas price in the very near future. Total gas recovery by 2040 would be 26 trillion cubic
feet and drilling would end in 2033.
3. EXISTING RATE scenario: Drilling continues at 500 wells per year until locations run out; this scenario
is also considered unlikely given the decline in well quality in later years as drilling moves into lower
productivity counties. Total gas recovery by 2040 would be 24.9 trillion cubic feet and drilling would
end in 2037.
Total recovery of 22.8 trillion cubic feet by 2040 in the ”Most Likely Rate” scenario is more than four times
what has been recovered so far in the Fayetteville. In the “High Rate” scenario as much as 26 trillion cubic
feet could be recovered; however, production rates would be far below those projected by the EIA for the
Fayetteville play.
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Figure 3-60 illustrates the EIA’s projection for Fayetteville production through 2040 compared to the “Most
Likely Rate” scenario. The EIA projects a recovery by 2040 of 41.5 Tcf to meet its reference case forecast,
and projects a new peak of the play in 2036 at a level far higher than the late-2012 peak. This represents
the recovery of 98% of proved reserves91 and unproved resources.92 Furthermore, the EIA projects that
production in 2040 will be much higher than the 2012 peak, suggesting that vastly more gas will be
recovered beyond 2040. This strains credibility to the limit. How can all the proved and unproved resources
and reserves be extracted and still have production near all-time highs in 2040?

Figure 3-60. “Most Likely Rate” scenario of Fayetteville gas production compared to the
EIA reference case, 2000 to 2040.93
The EIA assumes the Fayetteville will reach a new all-time high by 2036, produce 98% of proved reserves
and unproved resources by 2040, and presumably produce a great deal more gas in the post-2040 period.
The EIA forecast is made on a “dry gas” basis, whereas the “Most Likely Rate” scenario forecast is made on
a “raw gas” basis.
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Several things are clear from this analysis:
1. Drilling rates have fallen somewhat in the Fayetteville due to gas prices, but are still remarkably high
likely due to the relatively low cost of wells compared to other plays.
2. High well- and field-decline rates mean a continued high rate of drilling is required to maintain, let
alone increase, production. The Fayetteville field decline rate of 34% is in the lower range for shale
gas plays. Current drilling rates of 500 wells per year are slightly below the level required to maintain
current production levels. Maintaining production at current levels would require the investment of
$1.4 billion per year for drilling (assuming $2.4 million per well). Future production profiles are most
dependent on drilling rate and, to a lesser extent, on the number of drilling locations (i.e., greatly
increasing the number of drilling locations would not change the production profile nearly as much
as changing the drilling rate). Growing production in the Fayetteville would require considerably
higher gas prices to justify higher drilling rates.
3. Increasing current drilling rates by 50% could reverse the current production decline and raise
production to a new peak, at 3.15 Bcf/d, in 2016, which is 10% higher than current levels.
Cumulative recovery by 2040 in this high drilling rate scenario would be increased by 14% but would
still be only 63% of that projected by the EIA in its reference case.
4. The projected recovery of 22.8 Tcf by 2040 in the “Most Likely Rate” scenario represents four times
as much gas as has been recovered so far from the Fayetteville, and is more optimistic than the
“base case” estimated ultimate recovery of 18.2 Tcf projected by the Bureau of Economic Geology at
the University of Texas.94 Both are significantly less than the 41.5 Tcf projected by the EIA in its
reference case forecast.
5. This report’s projections are optimistic in that they assume the capital will be available for the drilling
treadmill that must be maintained. They also assume that 100% of the prospective area is drillable.
This is not a sure thing as drilling in the poorer quality parts of the play will require higher gas prices
to be economic. Failure to increase current drilling rates will result in a steeper drop off in
production.
6. Nearly three times the current number of wells will need to be drilled to meet the production
projection of the “Most Likely Rate” scenario by 2040.
7. The EIA projection for future Fayetteville gas production included in its reference case forecast for
AEO 2014,95 which forecasts recovery of 98% of proved reserves plus unproved resources by 2040,
strains credibility to the limit. It is highly unlikely to be realized, especially at the gas prices the EIA
forecasts.96
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3.3.4 Woodford Play
The EIA forecasts recovery of 23.8 Tcf of gas from the Woodford play by 2040. The analysis of actual
production data presented below suggests that this forecast is somewhat—but not significantly—higher than
the data suggest, although the forecast production profile is improbable.
The Woodford play in Oklahoma is primarily a shale gas play, for although parts of it are liquids rich, 92% of
the energy produced from it in mid-2014 was natural gas. It is a complex play, comprising parts of the
Anadarko Basin on the west, the Arkoma Basin on the east, the Chautauqua Platform in the central and
northern portions, and the Oklahoma- and Ouachita-folded belts in the south and southeast. Figure 3-61
illustrates the distribution of wells as of early 2014. Since 2005 over 3,600 wells have been drilled, of which
3,062 were producing at the time of writing. The play covers parts of 31 counties although 70% of production
is concentrated in five counties.

Figure 3-61. Distribution of wells in the Woodford play as of early 2014, illustrating
highest one-month gas production (initial productivity, IP).97
Well IPs are categorized approximately by percentile; see Appendix.
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Production in the Woodford peaked at nearly 1.9 billion cubic feet per day in June 2013 as illustrated in
Figure 3-62.

Figure 3-62. Woodford play shale gas production and number of producing wells, 2006
to 2014.98
Gas production data are provided on a “raw gas” basis.
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Although some 14% of producing wells in the Woodford are vertical/directional, 98% of current production is
from horizontal fracked wells as illustrated in Figure 3-63. The rate of drilling peaked at more than 600 wells
per year in 2010 but has since fallen to less than the roughly 405 wells per year required to keep production
flat at current production levels. Very few vertical/directional wells are being drilled today—the future of the
play lies in drilling horizontal fracked wells.

Figure 3-63. Gas production from the Woodford play by well type, 2006 to 2014.99
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The first key fundamental in determining the life cycle of Woodford production is the well decline rate.
Woodford wells exhibit high decline rates in common with all shale plays. Figure 3-64 illustrates the average
decline rate of Woodford horizontal and vertical/directional wells. Decline rates are steepest in the first year
and are progressively less in the second and subsequent years. The decline rate over the first three years of
average well life is 74%, which is at the low end of typical shale plays. As can be seen, vertical/directional
wells have much lower productivity than horizontal wells and hence are being phased out.

Figure 3-64. Average decline profile for gas wells in the Woodford play.100
Decline profile is based on all shale gas wells drilled since 2009.
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A second key fundamental is the overall field decline rate, which is the amount of production that would be
lost in the Woodford in a year without more drilling. Figure 3-65 illustrates production from the 2,600
horizontal wells drilled prior to 2013 (horizontal wells only are considered as very few vertical/directional
wells are being drilled). The first-year decline rate is 34%. This is lower than the well decline rate as the field
decline is made up of both new wells declining at high rates and older wells declining at lesser rates. It’s also
at the low end of field decline rates observed in shale plays. Assuming new wells will produce in their first
year at the average first-year rates observed for wells drilled in 2013, 405 new wells each year would be
required to offset field decline at current production levels. At an average cost of $9 million per well,101 this
would represent a capital input of about $3.6 billion per year, exclusive of leasing and other infrastructure
costs, just to keep production flat at 2013 levels.

Figure 3-65. Production rate and number of horizontal shale gas wells drilled in the
Woodford play prior to 2013, 2008 to 2014.102
This defines the field decline for the Woodford play which is 34% per year (only production from horizontal
wells is analyzed as few vertical/directional wells are likely to be drilled in the future).
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The third key fundamental is the average well quality in the Woodford by area and its trend over time.
Petroleum engineers tell us that technology is constantly improving, with longer horizontal laterals, more
frack stages per well, more sophisticated mixtures of proppants and other additives in the frack fluid injected
into the wells, and higher-volume frack treatments. This has certainly been true over the past few years,
along with multi-well pad drilling which has reduced well costs. It is, however, approaching the limits of
diminishing returns, and improvements in average well quality are non-existent in the Woodford. The average
first year production rate of Woodford wells is down 24% from what it was in 2010, as illustrated in Figure
3-66. This is clear evidence that geology is winning out over technology, as drilling moves into lower-quality
locations, as investigated further below, although some of the decline may be related to moves into more
liquids-rich parts of the play.

Figure 3-66. Average first-year production rates for Woodford horizontal and
vertical/directional gas wells from 2009 to 2013.103
Average well quality has fallen by 24% from 2010, a clear indication that geology is trumping technology in
this shale play.
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Another measure of well quality is cumulative production and well life. Ten percent of the wells that have
been drilled in the Woodford are no longer productive. Figure 3-67 illustrates the cumulative production of
these shut-down wells over their lifetime. At a mean lifetime of 32 months and a mean cumulative
production of 0.26 billion cubic feet, these wells would in large part be economic losers.

Figure 3-67.Cumulative gas production and length of time produced for Woodford wells
that were not producing as of February 2014.
These well constitute 10% of all wells drilled; most would be economic failures, given the mean life of 32
months and average cumulative production of 0.26 billion cubic feet when production ended.104
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Figure 3-68 illustrates the cumulative production of all horizontal wells that were producing in the Woodford
as of March 2014. Although it can be seen that there are a few very good wells that recovered large amounts
of gas in the first few years, and undoubtedly were great economic successes, the average well had
produced just 0.92 billion cubic feet over a lifespan averaging 42 months. Just 3% of these wells are more
than 8 years old.
The lifespan of wells is another key parameter, as many operators assume a minimum well life of 30 years
and longer, though this is conjectural given the lack of data and the significant number of wells that have
been shut down after less than 8 years.

Figure 3-68. Cumulative gas production and length of time produced for Woodford wells
that were producing as of March 2014.105
These well constitute 90% of all wells drilled. Very few wells are greater than eight years old, with a mean
age of 42 months and a mean cumulative recovery of 0.92 billion cubic feet.
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Cumulative production of course depends on how long a well has been producing, so looking at young wells
in not necessarily a good indication of how much gas these wells will produce over their lifespan (although
production is heavily weighted to the early years of well life). A measure of well quality independent of age is
initial productivity (IP). Figure 3-69 illustrates the average daily output over the first six months of production
for all wells in the Woodford play (six-month IP). Again, as with cumulative production, there are a few
exceptional wells—5% produced more than 4 million cubic feet per day (MMcf/d)—but the average for all
wells drilled since 2005 is just 1.41 MMcf/d. Figure 3-61 illustrates the distribution of IPs in map form.

Figure 3-69. Average gas production over the first six months for all wells drilled in the
Woodford play, 2005 to 2014.106
Although there are a few exceptional wells, the average well produced 1.41 million cubic feet per day over
this period. The trend line indicates mean productivity over time.
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Different counties in the Woodford display markedly different well quality characteristics, which are critical in
determining the most likely production profile in the future. Figure 3-70, which illustrates production over
time by county, shows that as of April 2014, the top two counties produced 45% of the total, the top five
produced 69%, and the remaining 26 counties produced 31%.

Figure 3-70. Gas production by county in the Woodford play, 2006 through 2014.107
The top five counties produced 69% of production in April 2014.
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The same trend holds in terms of cumulative production since the field commenced. As illustrated in Figure
3-71, the top two counties have produced 49% of the gas and the top five have produced 85%. Production in
four of the top five counties peaked in 2010 to 2012 and is down sharply. Production is growing in Canadian
County and is flat in the 26 counties outside the top five, which tend to be richer in liquids and are the focus
of drilling in a period of low priced gas. An increase in the rate of drilling given higher gas prices could
temporarily halt and perhaps reverse declines in those counties that have peaked.

Figure 3-71. Cumulative gas production by county in the Woodford play through 2014.108
The top five counties have produced 85% of the 3.14 trillion cubic feet of gas produced to date.
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The Woodford also produces limited amounts of natural gas liquids and oil. With the exception of Canadian
County, most liquids production is not within the top five counties but is located in the central and northern
portions, as illustrated in Figure 3-72. Some 32 million barrels of liquids have been produced since 2005,
and, given low gas prices, has improved economics and driven drilling to counties where liquids can be
produced.

Figure 3-72. Distribution of gas and oil wells in Woodford play as of early 2014.109
Liquids production from wells classified as “oil” occurs mainly in the central and northern portions of the
play.
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Figure 3-73 illustrates liquids production in the Woodford by county. In the big picture liquids production from
the Woodford is relatively insignificant, for although it has grown significantly since 2005 it still amounted to
less than 8% of the energy produced from the Woodford play in early 2014. In fact, liquids production has
fallen more than 30% from a peak of 38,000 barrels per day reached in June 2013.

Figure 3-73. Cumulative liquids production by county in the Woodford play through
2014.110
Canadian and the “other 26” counties account for 77% of the 32 million barrels produced to date.
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Operators are highly sensitive to the economic performance of the wells they drill, which typically cost on the
order of $9 million or more each, not including leasing costs and other expenses.111 The areas of highest
quality—the “core” or “sweet spots”—have now been well defined. Figure 3-74 illustrates average horizontal
well decline curves by county which are a measure of well quality (recognizing that future gas production
from the Woodford will be dominantly from horizontal, not vertical, wells). Initial well productivities (IPs) from
Pittsburg, Coal and Hughes counties are significantly higher than Canadian, Blaine and the “other 26”
counties, although the latter benefit from significant liquids production which improves economics.
Notwithstanding the higher productivity of wells in the top counties, production has fallen between 32% and
52% from peak in four of the top five counties—a function of low gas prices, expensive wells, and available
drilling locations. Halting production declines even temporarily in these counties will require significantly
higher gas prices.

Figure 3-74. Average horizontal gas well decline profiles by county for the Woodford
play.112
The top two counties, which have produced much of the gas in the Woodford, are clearly superior.

Another measure of well quality is “estimated ultimate recovery” or EUR—the amount of gas a well will
recover over its lifetime. To be clear, no one knows what the lifespan of an average Woodford well is, given
that few of them are more than eight years old (see Figure 3-67 and Figure 3-68), and some 10% of
horizontal wells drilled have ceased production at an average age of less than three years. Operators fit
hyperbolic and/or exponential curves to data such as presented in Figure 3-74, assuming well life spans of
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30-50 years (as is typical for conventional wells), but so far this is speculation given the nature of the
extremely low permeability reservoirs and the completion technologies used in the Woodford. Nonetheless,
for comparative well quality purposes only, one can use the data in Figure 3-74, which exhibits steep initial
decline with progressively more gradual decline rates, and assume a constant terminal decline rate
thereafter to develop a theoretical EUR.
Figure 3-75 illustrates theoretical EURs by county for the Woodford for comparative purposes of well quality.
These range from 1.95 to 3.19 billion cubic feet per well, which are somewhat higher than the 1.18 to 1.51
billion cubic feet assumed by the EIA.113 The steep initial well production declines mean that well payout, if it
is achieved, comes in the first few years of production, as between 45% and 60% of an average well’s
lifetime production occurs in the first four years.

Figure 3-75. Estimated ultimate recovery of gas per well by county for the Woodford
play.114
EURs are based on average well decline profiles (Figure 3-74) and a terminal decline rate of 15%. These are
for comparative purposes only as it is highly uncertain if wells will last for 30 years. The steep decline rates
mean that most production occurs early in well life.

Well quality can also be expressed as the average rate of production over the first year of well life. If we know
both the rate of production in the first year of the average well and the field decline rate, we can calculate the
number of wells that need to be drilled each year to offset field decline in order to maintain production.
Figure 3-76 illustrates the average first-year production rate of wells in the Woodford by county. With the
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exception of Pittsburg County, which had its peak rate in 2011, all counties experienced peak rates in 2010
and on average the play is down 24% since then. In the past two years average productivity has been flat,
including significant improvement in Coal County and continued decline in Blaine and Pittsburg counties. This
reflects both a lack of improvement from better technology as well as a move into liquids rich-parts of the
play which in general have somewhat lower gas productivities.

Figure 3-76. Average first-year gas production rates of wells by county for the Woodford
play, 2009 to 2013.115
Well quality is down 24% on average from 2010, notwithstanding a recent increase in Coal County.
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The fourth key fundamental is the number of wells that can ultimately be drilled in the Woodford play. A
careful review of the top five counties suggests a prospective area of 2,358 square miles within them. The
EIA has estimated the total play area at 4,246 square miles,116 which leaves 1,888 prospective square miles
outside the top five counties. This appears to be overly optimistic, given the distribution of production
outlined in Figure 3-61, but for the sake of argument is assumed to be correct. The EIA further assumes that
between 4 and 8 wells can be drilled per square mile, for an average well density of 4.6 wells per square
mile.117 The existing well density over this area is 0.84 wells per square mile (including vertical wells), and
0.7 including only horizontal wells. Assuming that only horizontal wells will be drilled in future, and given that
vertical wells are already at a density of 0.14 per square mile, a final density of 4.5 horizontal wells per
square mile is assumed. Given that 3,656 wells have already been drilled, that leaves 16,118 horizontal yetto-drill wells, for a final well count of 19,107.
Table 3-4 breaks down the number of yet-to-drill wells by county along with other critical parameters used for
determining the future production rates of the Woodford play.
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Parameter

Blaine
County
0.10

Canadian
County
0.47

Coal
County
0.20

% of Field Production

6

26

11

Cumulative Gas (Tcf)

0.18

0.47

Cumulative Liquids (MMbbl)

1.61

Number of Wells

County
Hughes
County
0.12

Total

Pittsburg
County
0.35

Other 26
Counties
0.53

1.77

7

20

30

100

0.62

0.46

0.79

0.50

3.01

8.31

1.09

0.04

0.00

16.35

27.41

191

505

450

404

523

916

2989

Number of Producing Wells

171

451

423

361

481

745

2632

Average EUR per well (Bcf)

2.09

2.78

3.04

2.97

3.19

1.95

2.64

Field Decline (%)

38.1

46.5

14.1

17.9

28.4

40.3

32.7

63

74

79

86

83

81

78

2012

Rising

2010

2010

2012

Flat

2012

Production April 2014 (Bcf/d)

3-Year Well Decline (%)
Peak Year
% Below Peak
Average First Year Production in 2013
(Mcf/d)
New Wells Needed to Offset Field Decline

48

N/A

36

51

32

N/A

4

875

1673

2522

1354

1728

1290

1486

29

170

27

19

43

170

405

Area in square miles

929

900

518

807

1306

10000

14460

% Prospective

50

60

70

50

45

19

29

Net square miles

465

540

363

404

588

1888

4246

Well Density per square mile

0.41

0.94

1.24

1.00

0.89

0.49

0.70

Additional locations to 4.5/sq. Mile

1899

1925

1182

1412

2122

7579

16118

Population

11943

115541

5925

14003

45837

N/A

N/A

Total Wells 4.5/sq. Mile

2090

2430

1632

1816

2645

8495

19107

Total Producing Wells 4.5/sq. Mile

2070

2376

1605

1773

2603

8324

18750

Table 3-4. Parameters for projecting Woodford production, by county.
Area in square miles under “Other” is estimated.
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Given known well- and field-decline rates, well quality by area, and the number of available drilling locations,
the most important parameter in determining future production levels is the rate of drilling—the fifth key
fundamental. Figure 3-77 illustrates the historical drilling rates in the Woodford. Horizontal drilling rates
peaked in January 2013 at 601 wells per year and have fallen to current levels of less than 300 wells per
year. Current drilling rates are somewhat less than the roughly 400 wells per year required to maintain
current production, hence production is gradually declining.

Figure 3-77. Annual production added per new horizontal well and annual drilling rate in
the Woodford play, 2006 through 2014.118
Drilling rate peaked in January 2013 and is now somewhat below the level needed to keep production flat,
hence each new well now only serves to slow the overall production decline of the play.
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Based on the five key fundamentals outlined above, several production projections for the Woodford play
were developed to illustrate the effects of changing the rate of drilling. Figure 3-78 illustrates the production
profiles of three drilling rate scenarios if 100% of the prospective play area is drillable at 4.5 horizontal wells
per square mile. These scenarios are:
1. MOST LIKELY RATE scenario: Drilling increases somewhat to 400 wells per year, then gradually
declines to 300 wells per year.
2. LOW RATE scenario: Drilling remains at 300 wells per year, then gradually declines to 250 wells per
year.
3. HIGH RATE scenario: Drilling roughly doubles to 550 wells per year, then gradually declines to 300
wells per year.

Figure 3-78. Three drilling rate scenarios of Woodford gas production (assuming 100% of
the area is drillable at 4.5 horizontal wells per square mile).119
“Most Likely Rate” scenario: drilling increases to 400 wells/year, declining to 300 wells per year.
“Low Rate” scenario: drilling continues at 300 wells/year, declining to 250 wells/year.
“High Rate” scenario: drilling increases to 550 wells/year, declining to 300 wells/year.

The drilling rate scenarios have the following results:
1. MOST LIKELY RATE scenario: The drilling rate increases somewhat from current levels on
strengthening gas prices, and then gradually declines as lower quality parts of the play are drilled.
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Total gas recovery by 2040 would be 19.1 trillion cubic feet and drilling would continue beyond
2040.
2. LOW RATE scenario: Drilling would continue at current rates. Total gas recovery by 2040 would be
15.9 trillion cubic feet and drilling would continue beyond 2040.
3. HIGH RATE scenario: Nearly doubling drilling rates would reverse decline and production would grow
to a new peak in 2018. Total gas recovery by 2040 would be 22.6 trillion cubic feet and drilling
would continue beyond 2040.
The recovery of 19.1 trillion cubic feet by 2040 in the “Most Likely” drilling rate scenario, and the recovery of
22.6 trillion cubic feet in the “High” drilling rate scenario, are somewhat less but reasonably close to the
recovery of 23.8 trillion cubic feet assumed by the EIA. The “Most Likely” drilling rate scenario would see the
recovery of more than six times as much gas as has been recovered to date (3.01 Tcf).
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Figure 3-79 illustrates the EIA’s projection for Woodford production through 2040 compared to the “Most
Likely Rate” scenario. Although the total recovery is not that different, the EIA has underestimated actual
recovery through 2014 and assumes that production rate will ramp to a new peak in 2026 some 36% higher
than the peak in 2012, and maintain production at levels considerably higher than today through 2040.120
This implies the recovery of 82% of the proved reserves121 and unproved resources122 that the EIA assigns to
the Woodford play. Although this seems highly optimistic, the EIA forecast for the Woodford is more
restrained than its estimates for most other major shale plays.

Figure 3-79. “Most Likely Rate” scenario of Woodford gas production compared to the
EIA reference case, 2000 to 2040.123
The EIA assumes the Woodford will reach a new all-time high by 2026, and maintain production at
considerably higher than present levels through 2040. The EIA forecast is made on a “dry gas” basis,
whereas the “Most Likely Rate” scenario forecast is made on a “raw gas” basis. Also shown are the EIA’s
Woodford gas production statistics from its Natural Gas Weekly Update,124 which contradict the early years
of its AEO 2014 forecast.
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Several things are clear from this analysis:
1. Drilling rates have fallen in the Woodford due to gas prices, and drilling has moved to liquids-rich
parts of the play.
2. High well- and field-decline rates mean a continued high rate of drilling is required to maintain, let
alone increase, production. Current drilling rates of about 300 wells per year are somewhat below
the level of about 400 wells per year required to maintain production, which would require the
investment of $3.6 billion per year for drilling (assuming $9 million per well). Future production
profiles are most dependent on drilling rate and, to a lesser extent, on the number of drilling
locations (i.e., greatly increasing the number of drilling locations would not change the production
profile nearly as much as changing the drilling rate). Maintaining or growing gas production in the
Woodford would require considerably higher gas prices to justify higher drilling rates.
3. Doubling current drilling rates could reverse the current production decline and raise production to a
new peak in the 2018 timeframe, but would increase cumulative recovery only by 19% by 2040 and
wouldn’t change the ultimate recovery of the play. Increasing drilling rates effectively recovers the
gas sooner making the supply situation worse later.
4. The projected recovery of 19.1 Tcf by 2040 in the “Most Likely Rate” scenario, is somewhat less than
the 23.8 Tcf projected by the EIA in its reference case forecast. The EIA forecast of the Woodford
rising to a new production peak in 2026 at significantly higher rates than today is improbable.
5. This report’s projections are optimistic in that they assume the capital will be available for the drilling
treadmill that must be maintained. They also assume that 100% of the prospective area is drillable.
This is not a sure thing as drilling in the poorer quality parts of the play will require considerably
higher gas prices to be economic. Failure to maintain drilling rates will result in a steeper drop off in
production.
6. More than triple the current number of wells will need to be drilled to meet the production projection
of the “Most Likely Rate” scenario by 2040.
7. The EIA projection for future Woodford gas production included in its reference case forecast for AEO
2014125 is highly optimistic in that it forecasts the current production decline will be reversed and
rise to a new peak in 2026 at a level 36% higher than the 2012 peak of the play, and then maintain
production through 2040 at levels far higher than today. This is highly unlikely to be realized,
especially at the gas prices the EIA forecasts.126
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3.3.5 Marcellus Play
The Marcellus play is now the largest and fastest growing shale gas play in the U.S. Production growth in the
Marcellus has more than compensated for declines in other plays. It is also the largest play in terms of areal
extent, stretching from New York State to southern West Virginia and west to Ohio, although most production
comes from Pennsylvania. Figure 3-80 illustrates the distribution of wells as of mid-2014. Over 10,700 wells
have been drilled to date of which 7,006 were producing at the time of writing. Of these, more than 7,900
are in Pennsylvania, 5,302 of which were producing in mid-2014. There is a large backlog of drilled but not
connected wells (also indicated in Figure 3-80), believed to be over two thousand in number. This is a
function of the rate of drilling and the relative youth of the play; most of these wells will be connected over
time as pipeline infrastructure catches up.

Figure 3-80. Distribution of wells in Marcellus play as of mid-2014, illustrating highest
one-month gas production (initial productivity, IP).127
Well IPs are categorized approximately by percentile; see Appendix.
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Production from the Marcellus exceeded 12 billion cubic feet per day in June 2014 as illustrated in Figure
3-81. More than 91% of production came from Pennsylvania with most of the remainder from West Virginia.
Ohio and New York State production is negligible. Over 98% of Pennsylvania production is from horizontal
fracked wells, whereas 22% of production in West Virginia came from vertical/directional wells. The rate of
drilling grew to a maximum of more than 1,500 wells per year in mid-2012 through 2013 and has now fallen
to about 1,300 per year. Drilling rates are still well above the approximately 1,000 wells per year required to
keep production flat at current production levels, so production will keep rising.

Figure 3-81. Marcellus play shale gas production, differentiating between Pennsylvania
and West Virginia, and number of producing wells, 2006 to 2014.128
Gas production data are provided on a “raw gas” basis.
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Vertical wells played a significant role in the early development of the Marcellus play in West Virginia and still
produce some oil and gas, although new wells are predominantly horizontal. Although there are some legacy
vertical wells in Pennsylvania, virtually all new drilling is horizontal. The distribution of horizontal and
vertical/directional wells in the play is illustrated in Figure 3-82.

Figure 3-82. Distribution of wells in Marcellus play categorized by drilling type as of mid2014.129
Development began with vertical and directional wells before expanding to largely horizontal drilling at
present.
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Cumulative gas recovery by well type in Pennsylvania and West Virginia is illustrated in Figure 3-83. Although
vertical/directional wells make up 23% of currently producing wells, they have produced less than 4% of the
gas. There will be few if any additional vertical/directional wells drilled in the Marcellus play—future
production growth will rely on horizontal fracked wells.

Figure 3-83. Cumulative gas production in the Marcellus play by well type and state,
2000 to 2014.130
The well count includes all producing wells as well as those drilled but not producing, either because they are
not connected to pipelines or have ceased production.
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The first key fundamental in determining the life cycle of Marcellus production is the well decline rate.
Marcellus wells exhibit high decline rates in common with all shale plays. Figure 3-84 illustrates the average
decline rate of the most recent Marcellus horizontal and vertical/directional wells by state. Decline rates are
steepest in the first year and are progressively less in the second and subsequent years. The decline rates
over the first three years of average well life range between 74% and 82%, which is on the lower end of the
range for most shale plays. As can be seen, vertical/directional wells have much lower productivity than
horizontal wells and hence are being phased out.

Figure 3-84. Average decline profile for horizontal and vertical/directional gas wells in
the Marcellus play, by state.131
Decline profile is based on all shale gas wells drilled since 2009.
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A second key fundamental is the overall field decline rate, which is the amount of production that would be
lost in a year without more drilling. Figure 3-85 illustrates production from the 3,500 horizontal wells drilled
prior to 2013 in Pennsylvania. The first-year decline rate is 32%, which is on the low end of field decline rates
observed for shale plays. Assuming new wells will produce in their first year at the average first-year rates
observed for wells drilled in 2013, approximately 1,000 new wells each year would be required to offset field
decline at current production levels. At an average cost of $5 million per well, this would represent a capital
input of about $5 billion per year, exclusive of leasing and other infrastructure costs, to keep production flat
at mid-2014 levels.

Figure 3-85. Production rate and number of horizontal shale gas wells drilled in the
Marcellus play in Pennsylvania prior to 2013, 2008 to 2014.132
This defines the field decline for the Marcellus play which is 32% per year (horizontal wells will be
responsible for virtually all future production). The stepped nature of the production curve is due to the fact
that Pennsylvania releases data in six month chunks, not on a monthly basis.
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The third key fundamental is the average well quality by area and its trend over time. Petroleum engineers
tell us that technology is constantly improving, with longer horizontal laterals, more frack stages per well,
more sophisticated mixtures of proppants and other additives in the frack fluid injected into the wells, and
higher-volume frack treatments. This has certainly been true over the past few years, along with multi-well
pad drilling which has reduced well costs. In the Marcellus, well quality is continuing to grow strongly,
suggesting that better technology is having an effect, along with a better understanding of the reservoir and
the location of sweet spots. The average first-year production rate of Marcellus wells over time is illustrated
in Figure 3-86.

Figure 3-86. Average first-year production rates for Marcellus horizontal and
vertical/directional gas wells by state, 2009 to 2013.133
Average well quality has increased substantially as better technology is applied and drilling is focused on the
sweet spots.
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Another measure of well quality is cumulative production and well life. Figure 3-87 illustrates the cumulative
production of all horizontal wells that were producing in the Pennsylvania Marcellus as of June 2014
(Pennsylvania is focused on as it has generally higher quality wells and more than 90% of Marcellus
production). Although it can be seen that there are a few very good wells that recovered large amounts of gas
in the first few years, and undoubtedly were great economic successes—7% of wells had recovered more
than 4 billion cubic feet after less than 5 years—the average well had produced just 1.56 billion cubic feet
over a lifespan averaging 28 months. Less than 6% of these wells are more than 5 years old.
The lifespan of wells is another key parameter as many operators assume a minimum life of 30 years and
longer—this is conjectural at this point given the lack of long term well performance data.

Figure 3-87. Cumulative gas production and length of time produced for wells in the
Marcellus play in Pennsylvania.
Few wells are greater than five years old, with a mean age of 28 months and a mean cumulative recovery of
1.56 billion cubic feet.134
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Cumulative production of course depends on how long a well has been producing, so looking at young wells
is not necessarily a good indication of how much gas these wells will produce over their lifespan (although
production is heavily weighted to the early years of well life). A measure of well quality independent of age is
initial productivity (IP) which is often focused on by operators. Figure 3-88 illustrates the average daily output
over the first six months of production for all wells in the Pennsylvania portion of the Marcellus play (six
month IP). The IPs are higher than most other shale plays—averaging 3.45 million cubic feet per day
(MMcf/d) for all wells over the 2010 to 2014 period—and are trending upward, through both better
technology and concentration of drilling in sweet spots. Again, as with cumulative production, there are a few
exceptional wells—4% produced more than 10 MMcf/d—although the average of the most recent wells
was about 5 MMcf/d overall. Figure 3-82 illustrates the distribution of IPs in map form illustrating the
concentration of drilling in sweet spots.

Figure 3-88. Average gas production over the first six months for all wells drilled in the
Marcellus play of Pennsylvania, 2010 to 2014.135
Although there are a few exceptional wells, the average well produced 3.45 MMcf/d over the 2010 to 2014
period, with the most recent wells producing 5 MMcf/d. The trend line indicates mean productivity over time.
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Different counties in the Marcellus display markedly different well quality characteristics which are critical in
determining the most likely production profile in the future. Figure 3-89, which illustrates production over
time by county and state, shows that in June 2014, two counties in Pennsylvania produced 41% of all
Marcellus gas and the top six Pennsylvania counties produced 76%.

Figure 3-89. Gas production by county in the Marcellus play, 2008 through 2014.136
The top six Pennsylvania counties produced 76% of production in June 2014.

DRILLING DEEPER

268

PART 3: SHALE GAS

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

MAJOR U.S. SHALE GAS PLAYS

The location of sweet spots is a function of the combination of many geological characteristics, including
depth, thickness, organic matter content, thermal maturity, lithological characteristics allowing fractures to
propagate, and the presence of natural fracture systems. Despite the widespread nature of the Marcellus,
two sweet spots have been defined that produce the bulk of the gas. The northeast Pennsylvania sweet spot,
centered in Susquehanna and Bradford counties, is illustrated with IPs in Figure 3-90, and the southwest
Pennsylvania/West Virginia sweet spot, centered on Washington and Greene counties, is illustrated in Figure
3-91. Berman and Pettinger provide an in-depth discussion of the variation in quality of the Marcellus and
the price of gas required to be profitable in various areas; they conclude that relatively little commercial gas
exists in southern New York State.137

Figure 3-90. Distribution of wells in the northeast Pennsylvania sweet spot of the
Marcellus play, illustrating highest one-month gas production (initial productivity, IP).138
Bradford and Susquehanna counties produced 41% of all Marcellus gas in June 2014.
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Figure 3-91. Distribution of wells in the southwest Pennsylvania / northern West Virginia
sweet spot of the Marcellus play, illustrating highest one-month gas production (initial
productivity, IP). 139
Washington and Greene counties along with northern West Virginia produce most of the liquids associated
with Marcellus gas.
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Cumulative production since the field commenced is also concentrated in the sweet spots. As illustrated in
Figure 3-92, the top two counties have produced 40% of the gas and the top six have produced 75%.
Production in most counties is growing although Greene and Tioga counties in Pennsylvania, and the state of
West Virginia in general, are down somewhat from peak production.

Figure 3-92. Cumulative gas production by county in the Marcellus play through June
2014.140
The top six counties have produced 75% of the 9.7 trillion cubic feet of gas produced to date. Greene and
Tioga counties in Pennsylvania as well as West Virginia are below peak production, but all other areas are
rising.
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The Marcellus also produces limited amounts of natural gas liquids and oil. Most liquids production is in
Washington County in southwestern Pennsylvania and in northern West Virginia, as illustrated in Figure 3-93.
Although more than 13 million barrels of liquids have been produced since 2005, in the big picture liquids
production from the Marcellus is relatively insignificant.

Figure 3-93. Cumulative liquids production by county in the Marcellus play through
2014.141
Production is concentrated in southwest Pennsylvania and northern West Virginia.
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Operators are highly sensitive to the economic performance of the wells they drill, which typically cost in the
order of $6 million or more each, not including leasing costs and other expenses.142 The areas of highest
quality—the “core” or “sweet spots”—have now been well defined. Figure 3-94 illustrates average horizontal
well decline curves by county, which are a measure of well quality (recognizing that future gas production
from the Marcellus will be from horizontal, not vertical, wells). Initial well productivities (IPs) from
Susquehanna County are more than double those of most other counties (excepting Bradford, Lycoming and
Greene). The decline curves from the top four counties are all above the Marcellus average, hence these
counties are attracting the bulk of the drilling and investment. Future drilling will have to focus more and
more on lesser quality counties.

Figure 3-94. Average horizontal gas well decline profiles by county and state for the
Marcellus play.143
The top four Pennsylvania counties, which have produced much of the gas in the Marcellus, are clearly
superior.
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Another measure of well quality is “estimated ultimate recovery” or EUR—the amount of gas a well will
recover over its lifetime. Although to be clear no one knows what the lifespan of a Marcellus well is, given
that few of them are more than five years old (see Figure 3-87 and Figure 3-88), EURs provide a useful
metric to compare well quality between areas. Operators fit hyperbolic and/or exponential curves to data
such as presented in Figure 3-94, assuming well life spans of 30-50 years (as is typical for conventional
wells), but so far this is speculation given the nature of the extremely low permeability reservoirs and the
completion technologies used in the Marcellus. Nonetheless, for comparative well quality purposes only, one
can use the data in Figure 3-94, which exhibits steep initial decline with progressively more gradual decline
rates, and assume a constant terminal decline rate thereafter to develop a theoretical EUR.
Figure 3-95 illustrates theoretical EURs by county in Pennsylvania for the Marcellus for comparative purposes
of well quality. These range from 2.21 to 7.05 billion cubic feet per well, which are comparable to the 0.55 to
7.14 billion cubic feet assumed by the EIA.144 The steep initial well production declines mean that well
payout, if it is achieved, comes in the first few years of production, as between 63% and 72% of an average
well’s lifetime production occurs in the first four years.

Figure 3-95. Estimated ultimate recovery of gas by county for the Marcellus play in
Pennsylvania.145
EURs are based on average well decline profiles (Figure 3-94) and a terminal decline rate of 20%. These are
for comparative purposes only as it is highly uncertain if wells will last for 30 years. The steep decline rates
mean that most production occurs early in well life. The lowest 22 counties average less than half of the EUR
of the top county, Susquehanna.
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Well quality can also be expressed as the average rate of production over the first year of well life. If we know
the rate of production in the first year of the average well, and the field decline rate, we can calculate the
number of wells that need to be drilled each year to offset field decline in order to maintain production. Given
that drilling is currently focused on the highest quality counties, the average first year production rate per
well will fall as drilling moves into lower quality counties over time as the best locations are drilled off. As
average well quality falls, the number of wells that must be drilled to offset field decline must rise, until the
drilling rate can no longer offset decline and the field peaks.
Figure 3-96 illustrates the average first year production rate of wells by county. Average well quality has been
rising in all areas through application of better technology—longer horizontal laterals, more frack stages,
higher volumes of more sophisticated additives, and higher-volume frack treatments. The top three
counties—Susquehanna, Greene and Bradford—are significantly higher than the average well productivity of
the rest. Considering the large areal extent of the Marcellus play, relatively few wells have been drilled and
thus there is still considerable room for more wells in the best areas. The current drilling rate of about 1,300
wells per year is above the 1,000 wells needed to offset field decline at current production levels, so
Marcellus production will keep rising in the short to medium term as long as these drilling rates are
maintained.

Figure 3-96. Average first-year gas production rates of wells by county in the Marcellus
play, 2009 to 2013.146
Well quality is rising in most areas indicating that better technology—longer horizontal laterals and higher
volume frack treatments—are improving productivity. First year production rate in the “other 19” counties,
where more than half of the remaining drilling locations are found, is roughly half that of the top two
counties.
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A fourth critical parameter is the number of wells that can ultimately be drilled in the Marcellus play. The EIA
estimates an area of 16,688 square miles for the “Marcellus Interior” and an additional 869 square miles for
the “Marcellus Foldbelt” for a total of 17,566 square miles. They assign an average EUR of 1.59 Bcf to the
former and 0.32 to the latter. They also include a “Marcellus Western” area of 2,684 square miles with an
average EUR of 0.26 Bcf (which has less than 4% of total unproved resources). Assuming the EIA’s estimates
for the Marcellus interior and foldbelt regions are correct—and eliminating the low productivity western area
due to its likely lack of economic viability—leaves a play area of 17,566 square miles. Using the EIA’s
estimate of 4.3 wells per square mile over this region, a total of 76,415 wells would be developed when the
region is completely drilled off, or some ten times the current number of producing wells.
Given that Pennsylvania and West Virginia are relatively densely populated states, with some difficult
topography, a more conservative estimate may be that only 80% of the remaining drilling locations are
actually accessible to development—allowing for towns, cities, parks and other surface restrictions to
development. In this case 63,274 wells would be drilled in total, or an additional 52,564 wells over what are
currently in place.
Table 3-5 breaks down the number of yet-to-drill wells by county along with other critical parameters used for
determining the future production rates of the Marcellus play.
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County
Parameter
Production June
2014 (Bcf/d)
% of Field
Production
Cumulative Gas
(Tcf)
Cumulative Liquids
(MMBBL)
Number of Wells
Number of
Producing Wells
Average EUR per
well (Bcf)
Field Decline (%)
3-Year Well Decline
(%)
Average First Year
Production in 2013
(Mcf/d)
New Wells Needed
to Offset Field
Decline
Area in square
miles
% Prospective
Net square miles
Well Density per
square mile
Additional locations
to 4.3/sq. Mile
Population
Total Wells 4.3/sq.
Mile
Producing Wells
4.3/sq. Mile
Risked 80% Total
Wells 4.3/sq. Mile
Risked 80%
Producing Wells
4.3/sq. Mile

Total

PA
Vertical

PA Total WV Total

1.63

0.09

11.27

1.05

12.32

9.98

13.26

0.75

91.46

8.54

100.00

0.71

0.82

1.14

0.13

8.62

1.04

9.65

0.00

0.00

8.63

0.03

0.53

9.29

4.35

13.64

837

921

713

992

1469

923

7980

2730

10710

416

615

662

485

734

862

490

5302

1704

7006

2.21

3.79

4.48

7.05

3.06

2.74

2.84

0.42

3.41

1.67

3.06

25

31

48

37

33

33

32

26

30

32

29

32

62

57

81

70

68

66

64

75

79

74

81

76

4440

1823

5578

3750

6368

2924

2554

3390

1297

4012

2858

3932

135

36

82

154

134

65

155

127

21

899

107

1003

1161

795

578

1244

832

1137

861

19000

25608

90

90

80

50

75

60

90

34

45

45

45

45

1045

716

462

622

624

682

775

6486

11412

11412

6145

17556

1.22

0.35

1.31

1.35

1.48

1.05

1.28

0.23

0.08

0.70

0.44

0.61

3220

2829

1384

1838

1762

2220

2340

26420

0

62622

183862

38686

116111

43356

41981

207820

N/A

N/A

4493

3077

1988

2675

2683

2933

3332

27889

923

49993 26422 76415

4116

2971

1800

2453

2424

2705

3074

27282

490

47315 25396 72711

3849

2511

1711

2307

2331

2489

2864

22605

0

40667 21684 63274

3472

2405

1523

2085

2072

2261

2606

21998

0

38422 20658 59570

Lycoming Susquehanna

Tioga

WashingOther 19
ton

Bradford

Butler

Greene

2.39

0.21

0.95

1.56

2.62

0.58

1.23

19.40

1.73

7.71

12.67

21.23

4.72

2.03

0.10

0.82

1.00

1.86

0.00

0.09

0.00

0.00

1273

248

604

896

142

5.24

25608 13656 39264

42013 23692 65705
N/A

N/A

N/A

Table 3-5. Parameters for projecting Marcellus production, by county.
Area in square miles under “Other” is estimated. Wells by county are horizontal only; “Total” columns include
both horizontal and vertical wells.
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Given known well- and field-decline rates, well quality by area, and the number of available drilling locations,
the most important parameter in determining future production levels is the rate of drilling. Figure 3-97
illustrates the historical drilling rates in the Marcellus of Pennsylvania. Horizontal drilling rates in
Pennsylvania peaked in 2013 at about 1,350 wells per year and have since fallen to current levels of about
1,200 wells per year. Coupled with drilling rates of 120 wells per year in West Virginia, current rates are
about 1,320 wells per year. This is considerably higher that the approximately 1,000 wells per year needed
to offset field decline at current production rates, hence Marcellus production will keep rising in the short to
medium term as long as these drilling rates are maintained.

Figure 3-97. Annual gas production added per new horizontal well and annual drilling
rate and in the Marcellus play, 2007 through 2014.147
Drilling rate peaked in 2013 but remains well above the level needed to offset field decline, hence
production will continue to grow in the short to medium term.
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Several drilling rate scenarios were used to develop production projections for the Marcellus play given the
number of available drilling locations. Figure 3-98 illustrates the production profiles in Pennsylvania for three
drilling rate scenarios if 80% of the prospective play area is drillable at 4.3 wells per square mile (for a total
of 63,274 wells in the play with 40,677 of them in Pennsylvania). These scenarios are:


MOST LIKELY RATE scenario: Assumes that drilling rate continues at current levels and then
gradually declines to 800 wells per year as drilling moves into lower quality parts of the play.



HIGH RATE scenario: Assumes that drilling will continue at current rates until all locations are drilled
off.



REDUCED RATE scenario: Assumes that wells will continue at current rates but decline more steeply
to 200 wells per year as the last wells are drilled.

In all scenarios drilling continues through 2040 and beyond.

Figure 3-98. Three drilling rate scenarios of Marcellus gas production in Pennsylvania
(assuming 80% of the area is drillable at 4.3 wells per square mile).148
“Most Likely Rate” scenario: drilling continues at 1,200 wells/year, declining to 800/year.
“High Rate” scenario: drilling continues at 1,200 wells/year.
“Reduced Rate” scenario: drilling continues at 1,200 wells/year, declining to 200/year.

DRILLING DEEPER

279

PART 3: SHALE GAS

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

MAJOR U.S. SHALE GAS PLAYS

The drilling rate scenarios have the following results:
1. MOST LIKELY RATE scenario: Total gas recovery by 2040 would be 118.2 trillion cubic feet and
drilling would continue beyond 2040. Peak production would occur in 2018.
2. HIGH RATE scenario: Total gas recovery by 2040 would be 127 trillion cubic feet and drilling would
continue beyond 2040. Peak production would occur in 2019.
3. REDUCED RATE scenario: Total gas recovery by 2040 would be 113 trillion cubic feet and drilling
would continue beyond 2040. Peak production would occur in 2017.
The recovery of between 113 and 127 trillion cubic feet, with118.2 trillion cubic feet in the “Most Likely
Rate” scenario by 2040, makes the Marcellus the most important shale gas play in the U.S. by a wide
margin. Nonetheless, it peaks in the 2017-2019 timeframe followed by a long period of decline. If projected
production from the Marcellus in West Virginia is included, production in the “Most Likely Rate” scenario will
reach nearly 15 Bcf/d, with recovery of 129 trillion cubic feet by 2040 (assuming drilling is continued at the
current rate in West Virginia of 120 wells per year) as illustrated in Figure 3-99 .

Figure 3-99. “Most Likely Rate” scenario of Marcellus gas production including both
Pennsylvania and West Virginia.
Total recovery by 2040 of 129 Tcf is 13 times the amount of gas recovered to date. In this “Most Likely Rate”
scenario, with the addition of West Virginia, drilling continues at 1,320 wells/year, declining to 920/year.
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Figure 3-100 illustrates the EIA’s projection for Marcellus production through 2040 compared to the “Most
Likely Rate” scenario. The EIA projects recovery by 2040 of 129 Tcf to meet its reference case forecast,
which coincidentally is exactly the same quantity as projected in the “Most Likely Rate” scenario. The shape
of the EIA production profile in its reference case, however, appears to underestimate past and current
production—even compared to its own independent estimates (Natural Gas Weekly Update and Drilling
Productivity Report149)—and overestimate production in later years, beyond 2024. The EIA projects a peak in
2024 at 13.8 Bcf/d—lower than the 14.8 Bcf/d peak in 2018 in this report—and generally higher production
in the post-2022 timeframe.

Figure 3-100. EIA reference case for Marcellus shale gas150 vs. this report’s “Most Likely
Rate” scenario, 2000 to 2040.
The EIA underestimates past and current production compared to the “Most Likely Rate” scenario and its
own independent estimates,151 but overestimates production in later years. The EIA forecast is made on a
“dry gas” basis, whereas the “Most Likely Rate” scenario forecast is made on a “raw gas” basis.
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Several things are clear from this analysis:
1. Marcellus production is growing strongly and drilling rates are sufficient to see continued growth
through 2018. There is a significant backlog of wells drilled but not connected—estimated at over
2,000 wells—which will serve to maintain productive well additions in the near term even if rig count
and new well drilling declines.
2. High well- and field-decline rates mean a continued high rate of drilling is required to maintain, let
alone increase, production. Current drilling rates of 1,320 wells per year are considerably above the
roughly 1,000 wells per year required to offset field decline at current production rates. Offsetting
field decline requires an investment of $6 billion per year for drilling (assuming $6 million per well),
not including leasing, infrastructure and operating costs. Future production profiles are most
dependent on drilling rate and to a lesser extent on the number of drilling locations (i.e., greatly
increasing the number of drilling locations would not change the production profile nearly as much
as changing the drilling rate). Although drilling in the sweet spots is certainly economic at current
prices, prices will have to increase to justify drilling in lower quality parts of the play when sweet
spots are exhausted.
3. Production in the “Most Likely Rate” scenario will rise to 15 Bcf/d at peak in the 2018 timeframe
followed by a gradual decline. The “High” drilling rate scenario would move this peak forward to
2019 at more than 15 Bcf/d. Drilling will continue in all scenarios until well beyond 2040.
4. The projected recovery of 129 Tcf by 2040 in the “Most Likely Rate” scenario, is the same as the EIA
reference case. However, the EIA has underestimated near term production rates and overestimated
production rates in the longer term.
5. These projections are optimistic in that they assume the capital will be available for the drilling
treadmill that must be maintained to keep production up. This is not a sure thing as drilling in the
poorer quality parts of the play will require higher gas prices to make it economic. Failure to maintain
drilling rates will result in a lower production profile.
6. More than four times the current number of wells will need to be drilled by 2040 to meet production
projections.
7. The projections in this report assume that of the total number of wells that could be drilled if 100%
of the surface area was accessible for drilling at 4.3 wells per square mile, only 80% of the undrilled
locations will be available, owing to surface land use. Any additional restrictions on land use would
further limit the number of wells that could be drilled and result in lower production.
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MAJOR U.S. TIGHT OIL PLAYS WITH SIGNIFICANT ASSOCIATED
SHALE GAS PRODUCTION

Two tight oil plays which were analyzed in depth in Part 2 (Tight Oil) of this report also produce significant
quantities of natural gas. As of June 2014, the Eagle Ford play ranked third and the Bakken play ranked
seventh in terms of gas output from U.S. shale plays, as illustrated in Figure 3-101.152 These plays are
analyzed for future gas production below. Given that they are primarily oil plays, drilling rates and progression
of drilling from sweet spots to lower quality areas will be governed by oil production—hence the analysis of
these plays relies on the analysis in Part 2 of this report in order to determine likely future production.

Figure 3-101. U.S. shale gas daily production by play as of June 2014.153
The Bakken tight oil play and especially the Eagle Ford tight oil play are also significant producers of shale
gas.
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3.4.1 Eagle Ford Play
The Eagle Ford play is divided into oil-, condensate- and gas-windows with increasing depth as discussed in
Part 2 of this report. Therefore the best locations for oil production are not necessarily the same as the best
locations for gas production. Figure 3-102 illustrates the distribution of well quality for gas production in the
Eagle Ford as defined by highest one-month production (IP).

Figure 3-102. Distribution of wells in the Eagle Ford play as of mid- 2014, illustrating
highest one-month gas production (initial productivity, IP).154
Well IPs are categorized approximately by percentile; see Appendix.
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Figure 3-103 provides a closer view of the main gas production area along with the counties utilized in the
analysis.

Figure 3-103. Detail of the Eagle Ford play showing distribution of wells as of mid-2014,
illustrating highest one-month gas production (initial productivity, IP).155
Well IPs are categorized approximately by percentile; see Appendix.
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Figure 3-104 illustrates gas production in the Eagle Ford from 2007 through mid-2014. Production is nearing
5 Bcf/d from just over 10,000 producing wells.

Figure 3-104. Eagle Ford play shale gas production and number of producing wells,
2007 through 2014.156
Gas production data are provided on a “raw gas” basis.
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Other critical parameters include the average well decline, which is 80% over 3 years, and the average field
decline, which is 47% for gas wells. The distribution of gas production by county is illustrated in Part 2 of this
report, and the evolution of well quality over time is illustrated in Figure 3-105.

Figure 3-105. Average first-year gas production rates of wells by county in the Eagle
Ford play, 2009 to 2013.157

Gas production is an important economic component of Eagle Ford wells as it comprises nearly 40% of the
energy produced on average from the play (the distribution of energy production from the Eagle Ford on a
“barrels of oil equivalent” basis is illustrated in Part 2 of this report). As can be seen in Figure 3-105, the
average well quality from a gas production point of view has been declining. This is likely a result of drilling
moving into areas more favorable for oil production and less favorable for gas production, and is not an
indicator of what well quality for gas production will look like later on as sweet spots for oil production
become saturated with wells. Webb County, for example, which is the best county for gas production but one
of the worst for oil production, will see a lot more drilling in later stages of the play’s development. Hence the
average well quality, from a gas production point of view, is likely to increase in later stages of play
development.
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Given that oil production is the driving force in the Eagle Ford at the current time, the “Most Likely Rate”
scenario of the “Realistic Case” for oil production as outlined in Part 2 of this report is used for projection of
future Eagle Ford gas production. This scenario assumes that more than 37,000 wells will be drilled in total
(compared to just over 10,000 wells at present), and that drilling will continue at current rates of 3,550 wells
per year and gradually fall to 2,000 wells per year as the play is drilled off. It also assumes that well quality
for gas production will rise 50% from current levels as drilling moves from oil-prone areas back into gasprone areas later in the play’s development.
Figure 3-106 illustrates the “Most Likely Rate” projection for Eagle Ford production (see Part 2 of this report
for other key parameters used for this projection). Production is forecast to rise considerably from current
levels to nearly 6.5 Bcf/d by 2017 before declining. Total gas recovery through 2040 will be about 35.5 Tcf,
or nearly 10 times the amount produced from the play so far.

Figure 3-106. “Most Likely Rate” scenario of Eagle Ford production for gas in the
“Realistic Case” (80% of the remaining area is drillable at six wells per square mile).
This projection assumes that well quality for gas production will rise in later stages of play development as
drilling moves back into gas prone parts of the play.
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Figure 3-107 illustrates the comparison of the “Most Likely” drilling rate scenario to the EIA’s reference case
forecast. Several points are evident:


The EIA is underestimating current production in the Eagle Ford in its forecast and highly
overestimating production later on, after 2024. The EIA’s near term forecast is invalidated by its own
data as shown in Figure 3-107, which shows much higher current production.



The EIA forecasts a recovery of 57.2 Tcf over the 2000-2040 period, or 21.7 Tcf more than the “Most
Likely Rate” scenario over the same period.



The EIA forecasts continuing growth in Eagle Ford gas production to an all-time high well over 7 Bcf/d
in 2040. This is unrealistic given the data.

Figure 3-107. EIA reference case for Eagle Ford shale gas158 vs. this report’s “Most
Likely Rate” scenario of the “Realistic Case,” 2000 to 2040
Also shown are the EIA’s Eagle Ford gas production statistics from its Drilling Productivity Report and its
Natural Gas Weekly Update,159 which contradict the early years of its AEO 2014 forecast. The EIA forecast is
made on a “dry gas” basis, whereas the “Most Likely Rate” scenario forecast is made on a “raw gas” basis.
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3.4.2 Bakken Play
The Bakken play’s areas of highest gas production per well are shifted a few miles west of the areas of
highest oil production per well, but are generally in fairly close proximity. Figure 3-108 illustrates the
distribution of well quality for gas production in the Bakken as defined by highest one-month production (IP)—
see Part 2 of this report for a comparison to well quality for oil production.

Figure 3-108. Distribution of wells in the Bakken play as of mid-2014 illustrating highest
one-month gas production (initial productivity, IP).160
Well IPs are categorized approximately by percentile; see Appendix.
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Figure 3-109 provides a closer view of the main gas production area along with the counties utilized in the
analysis.

Figure 3-109. Detail of the Bakken play showing distribution of wells as of mid-2014,
illustrating highest one-month gas production (initial productivity, IP).161
Well IPs are categorized approximately by percentile; see Appendix.
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Figure 3-110 illustrates gas production in the Bakken from 2003 through mid-2014. Production is about
1.1 Bcf/d from over 8,500 producing wells.

Figure 3-110. Bakken play shale gas production and number of producing wells, 2003
through 2014.162
Gas production data are provided on a “raw gas” basis.
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Other critical parameters include the average well decline, which is 81% over 3 years, and the average field
decline, which is 41% for gas wells. The evolution of well quality over time for gas production is illustrated in
Figure 3-111.

Figure 3-111. Average first-year gas production rates of wells by county in the Bakken
play, 2009 to 2013.163

Gas production is a less important economic component of Bakken wells than for the Eagle Ford as only
about 16% of the energy produced from the play is gas, and much of the gas is flared in areas remote from
infrastructure (roughly 30% of gas production is flared).164 New regulations on flaring will likely reduce the
amount in future and divert more of this production to sales.165 As can be seen in Figure 3-111, the average
well quality from a gas production point of view has been increasing in the top four counties and declining or
flat in the other 11 counties. Given the close proximity of high quality oil wells to high quality gas wells, the
decline in well quality for gas as drilling moves to lower quality parts of the play is expected to parallel the
decline in well quality for oil.
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Given that oil production is the driving force in the Bakken, and gas is a relatively small component of
production, the “Most Likely” drilling rate scenario of the “Realistic Case” for oil production as outlined in
Part 2 of this report is used for projection of future Bakken gas production. This scenario assumes that more
than 32,000 wells will be drilled in total (compared to just over 8,500 wells at present), and that drilling will
continue at current rates of 2,000 wells per year and gradually fall to 1,000 wells per year as the play is
drilled off. It also assumes that well quality for gas production will decline from current levels as drilling
moves from sweet spots for oil and gas into lower quality counties later in the play’s development.
Figure 3-112 illustrates the “Most Likely Rate” scenario for Bakken production (see Part 2 of this report for
other key parameters used for this projection). Production is forecast to rise considerably from current levels
to roughly 1.3 Bcf/d by 2016 before declining. Total gas recovery through 2040 will be about 7.1 Tcf, or
nearly 7 times the amount produced from the play so far.

Figure 3-112. “Most Likely Rate” scenario of Bakken gas production in the “Realistic
Case” (80% of the remaining area is drillable at three wells per square mile).
This projection assumes that well quality for gas production will parallel well quality trends for oil production
as drilling moves into lower quality parts of the play.
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Figure 3-113 illustrates the comparison of the “Most Likely” drilling rate projection to the EIA’s reference
case forecast. Several points are evident:


The EIA is highly underestimating current production in the Bakken in its forecast and overestimating
production later on, after 2030. The EIA’s near term forecast is invalidated by its own data as shown
in Figure 3-113, which shows much higher current gas production.



The EIA forecasts a recovery of just 5.1 Tcf over the 2000-2040 period, or 2.0 Tcf less than the
“Most Likely Rate” scenario over the same period. However, it assumes production of 0.7 Tcf more
gas after 2030. This is a result of the underestimates of current and short- to medium-term Bakken
production.



The EIA forecasts peak Bakken gas production at roughly the same time as this report (2016), albeit
at production levels of less than half that of this report.

Figure 3-113. EIA reference case for Bakken shale gas166 vs. this report’s “Most Likely
Rate” scenario of the “Realistic Case,” 2000 to 2040
Also shown are the EIA’s Bakken gas production statistics from its Drilling Productivity Report and its Natural
Gas Weekly Update,167 which contradict the early years of its AEO 2014 forecast. The EIA forecast is made
on a “dry gas” basis, whereas the “Most Likely Rate” scenario forecast is made on a “raw gas” basis.
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3.5

ALL-PLAYS ANALYSIS

The foregoing analysis of shale gas plays has reviewed 88% of estimated June 2014, shale gas production168
and 88% of the cumulative shale gas production that is forecast in the EIA’s 2012-2040 reference case.169
Although the EIA forecast for the Marcellus play is rated as “reasonable” and its forecast for the Bakken play
is rated “conservative,” the deficit left by being “very highly optimistic” on some of the other plays makes
finding and developing the gas required to meet the overall forecast highly to very highly optimistic.
This section will further explore the outlook for overall U.S. shale gas production with a summary analysis of
the plays’ EIA forecasts, well quality, and production prospects to 2040.

3.5.1 Summary of EIA Forecasts
Table 3-6 summarizes the salient details of the EIA projections versus historical production and the EIA’s
estimates of “unproved technically recoverable resources” and “proved reserves.”

Production to
Date
(Tcf)

EIA
Unproved
Resources
as of
January 1,
2012 (Tcf)

EIA Proved
Reserves
as of 2012
(Tcf)

Total Proved
and
Unproved
Technically
Recoverable
(Tcf)

44.4

15.60

20.3

23.7

44.0

Percent of
Unproved
Resources
and Proved
Reserves
Recovered
by 2040 in
EIA Forecast
101.0

Haynesville

97.2

9.41

70.9

17.7

88.6

Fayetteville

38.9

5.08

29.8

9.7

Woodford

22.8

3.14

16.8

Marcellus

127.2

9.70

118.9

Bakken

4.8

1.10

Eagle Ford

56.7

Other
Total

Percent
of Total
Recovery
in EIA
Reference
Case

EIA
Production
in 2040
(Tcf/year)

Optimism
Bias

10.1

2.15

Very High

109.8

22.0

3.37

Very High

39.5

98.4

8.8

1.53

Very High

11.1

27.9

81.6

5.2

0.82

High

42.8

161.7

78.7

28.8

4.57

Reasonable

6.4

N/A

6.3

75.9

1.1

0.10

Conservative

3.90

60.3

16.2

76.5

74.2

12.8

2.70

Very High

49.6

11.66

165.8

8.2

174.0

28.5

11.2

4.58

441.6

59.59

489.0

129.4

618.4

71.4

100.0

19.82

Unknown
High to Very
High

EIA
Recovery
20122040
(Tcf)

Barnett

Play

Table 3-6. Comparison of EIA reference case shale gas forecast assumptions170 with
unproved technically recoverable resources171 and proved reserves172 to cumulative
production from shale gas plays.173
A determination of each play’s “optimism bias” is included. Numbers may not add due to rounding.
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3.5.2 Well Quality
A comparison of plays analyzed in this report reveals that they are highly variable in terms of well quality and
that the Marcellus and Haynesville stand out as clearly superior. The estimated ultimate recovery (EUR) of
wells has been reviewed in the discussion of each play in this report, with the caveat that these are merely
estimates and subject to change as more data emerge on longer-term well productivity.
Another measure for comparison of plays is the average first-year production from wells. This metric builds in
the current geology and the cumulative impact of all technological innovations in drilling and completions to
date if the most recent year is used. Figure 3-114 illustrates the average first-year production of horizontal
wells in the seven plays analyzed in this study for 2013 for both the average of all wells in the play and the
average for wells in the best county. Although the best play from this comparison is clearly the Haynesville,
the Haynesville has a much higher field decline rate than the Marcellus which will tend to equalize the two
over time. It is clear, however, that high quality shale gas plays are not ubiquitous, and even within the top
producers there is considerable variation in average well quality.

Figure 3-114. Average first-year gas production per well in 2013 from horizontal wells
both play-wide and in the top-producing county for the plays analyzed in this report.174
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3.5.3 Production Through 2040
Figure 3-115 illustrates the sum of shale gas production from the plays analyzed in this report through 2040
in the “Most Likely” drilling rate scenario, along with the number of wells required to achieve it. Production
from these plays peaks in 2016 at nearly 34 Bcf/d and declines to below 16 Bcf/d by 2040, or more than
50%. Total production over the 2000 to 2040 period is projected to be 291.7 trillion cubic feet. The
Marcellus will make up 55% of production from these plays in 2040. Approximately 130,000 additional wells
will need to be drilled by 2040 to meet the projections in Figure 3-115, on top of the 50,000 wells drilled in
these plays through 2013. Assuming an average well cost of $7 million, this would require $910 billion of
additional capital input by 2040, not including leasing, operating, and other ancillary costs.

Figure 3-115. “Most Likely Rate” scenarios for the seven shale gas plays analyzed in
this report and number of producing wells, through 2040.
The “Most Likely Rate” scenario projections here are made on a “raw gas” basis. 180,000 wells will be
producing by 2040 in this scenario. Also shown is the EIA’s production data for dry gas through August 2014
for these plays.175
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Figure 3-116 illustrates the EIA’s reference case forecast for shale gas compared to the projections in this
report for the seven plays analyzed. This comparison is made on a “dry” basis, given that the EIA forecast is
for dry gas.176 As can be seen, actual production of shale gas from these plays is higher in the near term than
the EIA forecast and higher yet for the EIA’s own independent estimate (from its Natural Gas Weekly Update)
of actual shale gas production through August 2014. In the longer term, however, the EIA forecast
overestimates production from the plays in this report’s “Most Likely Rate” scenario through 2040 by
147.4 Tcf, or 64%. The EIA further estimates that in 2040, production from the plays analyzed in this report
with be 182% higher (nearly 3 times) than estimated herein, and that by 2040, another 49.6 Tcf will have
been recovered from other plays not analyzed in this report. Indeed, if the analysis in this report is correct, in
order to meet the EIA reference case forecast other plays will have to recover an additional 198.2 Tcf—nearly
4 times the EIA’s own estimate for other plays.

Figure 3-116. Totaled “Most Likely Rate” scenarios for the seven shale gas plays
analyzed in this report, compared to the EIA’s reference case forecast for these plays
and for all plays.177,178
The “Most Likely Rate” scenario projections here are made on a “dry gas” basis. Also shown are the EIA’s gas
production statistics from its Natural Gas Weekly Update,179 which contradict the early years of its AEO 2014
forecast.
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3.6

SUMMARY AND IMPLICATIONS

The growth of U.S. shale gas production has been a game-changer in a natural gas supply picture that as recently
as 2005 was thought to be in terminal decline. The assumption that natural gas will be cheap and abundant for
the foreseeable future has prompted fuel switching from coal to gas, along with investment in new generation and
gas distribution infrastructure, investment in new North American manufacturing infrastructure, and calls for
exporting the shale gas bounty to higher-priced markets in Europe and Asia.
Given these assumptions—and the investments being made and planned because of them—it is important to
understand the long-term supply limitations of U.S. shale gas. The analysis presented herein, which is based on
one of the best commercial databases of well production information available.180 finds that the continued growth
in supply over the long term at low prices is highly questionable. Certainly production will rise in the short term, but
with the likely collective peaking of the seven major plays analyzed in this report (which provide 88% of current
and estimated long-term U.S. shale gas output) in the 2016-2017 timeframe, maintaining production or even
stemming the decline will require maintenance of high drilling rates, along with the capital input to sustain them.
This report finds that major shale plays are variable in well quality, with some plays—like the Marcellus and
Haynesville—being much more productive on average than the rest. Furthermore, the assessment of individual
counties within plays reveals that well quality varies considerably, and that the best counties are attracting most of
the drilling and investment—meaning that the poorer-quality counties, which account for most of the remaining
drilling locations, will be drilled last. Given that field declines are steep, requiring 25-50% of production to be
replaced each year, the levels of drilling and capital investment needed to maintain production will escalate going
forward. Without the considerably higher prices needed to justify drilling in poorer quality rock, production will fall.
The concept that high-quality shale gas plays are widespread is false, along with the concept that they are
“manufacturing operations”, where tens of thousands of wells can be drilled with the same productivity.
The EIA, which is viewed as perhaps the most authoritative source of U.S. energy production forecasts, has often
overestimated future oil and gas production.181 The analysis presented herein suggests that this is the case with
respect to shale gas. A play-by-play analysis of the data with respect to the EIA forecasts reveals a high to very high
“optimism bias” for most plays. The EIA assumes that 74% to 110% of its “unproved technically recoverable
resources as of January 1, 2012” plus “proved reserves” will be recovered by 2040 for most plays. Unproved
resources have no price constraints applied and are loosely constrained, compared to “reserves” which are
proven to be recoverable with existing technology and economic conditions. Not only do the EIA’s projections
demonstrate a high or very high optimism bias, they also assume that the U.S. will exit 2040 with shale gas
production significantly higher than today, at 54.3 Bcf/d. This is highly unlikely given a thorough analysis of the
data.
The major shale plays analyzed in this report have produced just under 45 trillion cubic feet through 2013, and
will certainly continue to produce more gas. This report projects that they will produce an additional 230 trillion
cubic feet over the 2014-2040 period, with production of 14.8 Bcf/d in 2040, given unconstrained capital input
and no restrictions in access to drilling locations. In contrast, the EIA forecasts 377 trillion cubic feet of gas will be
recovered from the plays analyzed in this report over this period, and that production will be nearly three times as
high in 2040 at 41.8 Bcf/d. Figure 3-117 illustrates the stark difference between the EIA’s projections and this
report’s projections for the seven major shale gas plays analyzed.

DRILLING DEEPER

301

PART 3: SHALE GAS

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM
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Figure 3-117. Projected cumulative gas production to 2040 and daily gas production in
2040, EIA projection182 versus this report’s projection.
The values given here are for the seven plays analyzed in this report. These plays constitute 88% of
cumulative U.S. shale gas production from 2014 to 2040 in the EIA’s reference case forecast.

The EIA’s forecast strains credibility, given the known decline rates, well quality by area, available drilling locations,
and the number of wells that would need to be drilled to make the forecast a reality. Given this report’s “Most
Likely” scenario estimate for the seven major plays analyzed, the remaining significant U.S. shale gas plays would
need to produce 198.2 trillion cubic feet, or nearly 4 times the EIA’s own estimate for “other” plays, by 2040.
Failing to do this would jeopardize many current and future investments made on the assumption of a cheap,
abundant, and long-term domestic gas supply. Most troubling from an energy security point of view is that much of
the shale gas production will occur in the early years of this period, when decisions about long-term investment in
exports and domestic infrastructure are being made—making any supply constraints later even more problematic.
The consequences of getting it wrong on future shale gas production are immense. The EIA projects that the U.S.
will be a significant LNG exporter in 2040 (15% of total production—see Figure 3-2). Although the flush of shale
gas production is likely to peak by 2020 and decline thereafter, there are 4 approved, 13 proposed, and 13
potential183 LNG export facilities under consideration. The wisdom of liquidating as quickly as possible what will
likely turn out to be a short-term bonanza should be questioned. A sensible energy policy would be based on this
prospect.
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APPENDIX
WELL IP COLOR CODING
In certain Figures in this report, wells are displayed by initial productivity (IP) and color-coded by their
approximate percentage rank for the wells for that play. These ranks are:


Red, top 15% of wells (i.e., above the 85th percentile)



Orange, next 15% of wells (i.e., between the 70th and 85th percentile)



Light green, next 15% of wells (i.e., between the 55th and 70th percentile)



Dark green, next 15% of wells (i.e., between the 40th and 55th percentile)



Blue, next 20% of wells (i.e., between the 20th and 40th percentile)



Black, bottom 20% of wells (i.e., below the 20th percentile)

The IP values of the respective categories have been rounded for simplicity. For example, if the lowest IP in
top 15% of wells in the Barnett is 3,024 Mcf per day, the lower boundary of this category on the Barnett map
will be rounded to 3,000. IP on these maps is defined as the highest one-month production.
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ABBREVIATIONS
/d

per day

bbl

barrel

bbls

barrels

Bbbls

billion barrels

Bcf

billion cubic feet

Btu

British thermal unit (1,055 Joules)

CAPP

Canadian Association of Petroleum Producers

EIA

Energy Information Administration of the U.S. Department of Energy

ERCB

Alberta Energy Resources Conservation Board

EUR

estimated ultimate recovery

GDP

Gross Domestic Product

IEA

International Energy Agency, the energy watchdog of the Organization for Economic Cooperation
and Development (OECD)

IP

initial productivity (i.e., of a well),typically the highest rate of production over well lifetime achieved
in the first month of production

Kbbl

thousand barrels

LNG

liquefied natural gas

Mcf

thousand cubic feet

MMcf

million cubic feet

MMbbl

million barrels

MMBtu

million British thermal units

NEB

Canadian National Energy Board

SAGD

Steam-Assisted Gravity Drainage

Tcf

trillion cubic feet

TRR

technically recoverable resources

URR

ultimate recoverable resources

USGS

United States Geological Survey
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GLOSSARY
Basin — A large depressed structural geological entity which is the loci of sedimentation over tens to
hundreds of millions of years.
Bench — An informal term applied to discreet rock layers, assumed to be productive, of formations such as
the Three Forks in the Bakken Field.
Crude oil — As used herein, conventional crude oil not including natural gas liquids, biofuels or refinery gains.
Lease condensate is included in the EIA definition and has been differentiated in this report for plays like the
Eagle Ford where it is a significant component.
Dry Gas — Natural gas that has had all impurities removed to end use specifications and is essentially nearly
pure methane.
Formation — A formal name in stratigraphic nomenclature for a rock unit with recognizable attributes
distributed over a wide area.
Horizontal well — A well typically started vertically which is curved to horizontal at depth to follow a particular
rock stratum or reservoir.
Hydraulic fracturing (“fracking”) — The process of inducing fractures in reservoir rocks through the injection of
water and other fluids, chemicals and solids under very high pressure.
Multi-stage hydraulic-fracturing — Each individual hydraulic fracturing treatment is a “stage” localized to a
portion of the well. There may be as many as 30 individual hydraulic fracturing stages in some wells.
Oil shale — Organic-rich rock that contains kerogen, a precursor of oil. Depending on organic content it can
sometimes be burned directly with a calorific value equivalent to a very low grade coal. Can be “cooked” in
situ at high temperatures for several years to produce oil or can be retorted in surface operations to produce
petroleum liquids.
Petroleum liquids (also, “liquids”) — All petroleum-like liquids used as liquid fuels including crude oil, lease
condensates, natural gas liquids, refinery gains and biofuels.
Play — A prospective area for the production of oil, gas or both. Usually a relatively small contiguous
geographic area focused on an individual reservoir.
Raw Gas — Gas as produced at the well head which often contains significant amounts of impurities such as
carbon dioxide, hydrogen sulfide, nitrogen, and water vapor, as well as other contaminants and hydrocarbon
liquids. Gas cleanup to a “dry basis” will result in shrinkage, which is variable depending on the reservoir,
and may range from less than 3% to more than 12% by volume.
Reserve — A deposit of oil, gas or coal that can be recovered profitably within existing economic conditions
using existing technologies. Has legal implications in terms of company valuations for the Securities and
Exchange Commission. A detailed classification scheme is available from the SPE.1

DRILLING DEEPER

307

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Resource — Energy resources inferred to exist using probabilistic methods extrapolated from available
exploration data and discovery histories. Usually designated with confidence levels. For example, P90
indicates a 90% chance of having a least the stated resource volume whereas a P10 estimate has only a
10% chance. Resources may be “in situ”, which are all resources thought to exist in place, or “technically
recoverable” but without any implied price needed for economic recovery. Shale gas and oil resources are
referred to by the EIA as “unproved technically recoverable.”
Risked scenario — The reduction of play area to account for the “risk” that all parts of a play will not be
accessible for drilling (allowing for towns, parks etc.). This reduces the number of available drilling locations
and therefore the ultimate production from a play.
Shale gas — Gas contained in shale with very low permeabilities in the micro- to nano-darcy range. Typically
produced using horizontal wells with multi-stage hydraulic fracture treatments.
Shale oil—See “tight oil.”
Stripper well—An oil or gas well that is nearing the end of its economically useful life. In the U.S., a "stripper"
gas well is defined by the Interstate Oil and Gas Compact Commission as one that produces 60,000 cubic
feet (1,700 m3) or less of gas per day at its maximum flow rate. Oil wells are generally classified as stripper
wells when they produce ten barrels per day or less for any 12-month period.
Tank-to-wheels emissions—Emissions generated from burning gasoline or diesel fuel not considering the
emissions in the extraction and refining process.
Tight oil—Also referred to as shale oil. Oil contained in shale and associated clastic and carbonate rocks with
very low permeabilities in the micro- to nano-darcy range. Typically produced using horizontal wells with multistage hydraulic fracture treatments.
Well decline profile—The average production declines for all wells in a given area or play from the first month
on production. For most shale plays there are only four or five years of data given their relative youth,
although operators routinely fit hyperbolic and/or exponential functions to this data and extrapolate well lives
of 25 or more years. Also known as a well decline curve.
Well-to-wheels emissions—Full cycle emissions including those associated with extraction, refining and
burning at point of use.
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Revealed: Contractors Hired by FERC to Review a New Spectra Energy
Pipeline Work for Spectra on a Related Project
Itai Vardi

(/user/25839) | May 26, 2016

A contractor hired last year by the Federal Energy Regulatory Commission (FERC) to review a proposed gas pipeline by
Spectra Energy, had already been working for the company on a related project, a DeSmog investigation has found.
Such an alleged conﬂict of interest suggests that the contractor had a ﬁnancial stake in approving the project it was hired
to review.
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As part of a formal Pre-Filing Review Process for Spectra Energy’s Atlantic Bridge project, FERC hired in early 2015 a thirdparty contractor to review the pipeline. A proposed (http://www.spectraenergy.com/Operations/USNatural-Gas-Operations/New-Projects-US/Atlantic-Bridge/) expansion of the company’s existing
Algonquin Pipeline carrying fracked gas from Pennsylvania to the Northeast US and Canada, the project involves the
construction of several new pipeline segments in New York and New England and a new compressor station in the town of
Weymouth, Massachusetts.
The contractor, Natural Resource Group (NRG), is a subsidiary of ERM, an international consulting company that previously
provided the favorable environmental review for the northern part of TransCanada’s Keystone XL Pipeline. DeSmog has
proliﬁcally documented (//www.desmogblog.com/environmental-resources-management) ERM’s deep
ties to the fossil fuel and tobacco industries and shady (//www.desmogblog.com/2014/12/01/statedepartment-keystone-xl-contractor-erm-bribed-chinese-agency) international operations. ERM is
owned by two Canadian investment ﬁrms – OMERS Private Equity (http://www.borealis.ca) and AIMCo
(https://www.aimco.alberta.ca/What-We-Do/Private-Investments) – with investments in
energy infrastructure
FERC hired NRG to conduct an Environmental Assessment (EA) for the Atlantic Bridge pipeline, manage public outreach and
engagement, and review the project’s alternatives.
According to FERC’s guidelines (http://www.ferc.gov/industries/gas/enviro/tpc.asp), while third-party
contractors work under the supervision and control of FERC staﬀ, they are paid by the pipeline company seeking FERC’s
approval. The company is also responsible for bidding potential contractors, with FERC approving the eventual hire.
According to ﬁnancial reports submitted by Spectra to FERC, since 2011 the company has paid NRG a total of over $2.5
million for services on a number of its projects under FERC review.

NRG’s Other Spectra-related Project
DeSmog has found that apart from being funded by Spectra to review Atlantic Bridge, NRG seems to be in an even more
glaring conﬂict of interest in the project.
On February 20, 2015, FERC sent a letter to Spectra, announcing the selection of NRG as contractor for Atlantic Bridge. Yet at
the time, NRG was already working (http://www.hopewelltwp.org/penn_east/PennEast%20PreFiling%20Letter%20with%20Exhibits.pdf) directly for PennEast LLC, a major pipeline consortium of which
Spectra is a member. NRG has been conducting public aﬀairs for PennEast since at least 2014. A year earlier, NRG opened

(http://www.prnewswire.com/news-releases/natural-resource-group-llc-establishes-roots-inthe-marcellus-region-227660791.html) an oﬃce in the Marcellus Shale to represent energy companies
operating in the region.
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(//www.desmogblog.com/sites/beta.desmogblog.com/ﬁles/Image%20%23%201_0.jpg)

(Image from a February 2015 letter from FERC to Spectra, announcing the hiring of NRG to review Atlantic Bridge.
Source: ferc.gov)

When Spectra joined the PennEast Pipeline consortium in October 2014, Spectra executives made clear their purpose

(http://penneastpipeline.com/spectra-energy-partners-becomes-newest-member-inpenneast-pipeline-project/) was to bring fracked gas from the Marcellus Shale to its Algonquin Pipeline, of which
the Atlantic Bridge project is a part.

In other words, NRG, which works directly for PennEast, has a ﬁnancial stake in the approval of Atlantic Bridge, the project it
was hired by FERC to review as third-party contractor.
According to FERC’s own guidelines (http://www.ferc.gov/industries/hydropower/enviro/tpc/tpchandbook.pdf) for hiring third-party contractors, a conﬂict of interest exists when the contractor “has a past, present,
or ongoing ﬁnancial interest in a project to be covered by the third-party contractor.” This exists, for instance, when the
contractor “has a ﬁnancial or other interest in the outcome of the Commission’s decision.”
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(Image from FERC’s own guidelines on the use of third-party contractor, suggesting a conﬂict of interests between NRG and
Spectra. Source: ferc.gov)

NRG Helps Write an Environmental Assessment Beneﬁcial to Spectra
Atlantic Bridge’s Environmental Assessment (EA), published (http://elibrary.ferc.gov/idmws/ﬁle_list.asp?
accession_num=20160502-4001) by FERC in May this year, is favorable to Spectra. The EA – prepared largely by
NRG staﬀ, who were funded by Spectra – found the project not to “constitute a major federal action signiﬁcantly aﬀecting
the quality of the human environment.”
Along with a host of recommended mitigating actions, the report concludes that Atlantic Bridge will have “no signiﬁcant
impact,” essentially paving the way for an ultimate FERC approval of the project.
The EA also denied multiple demands by residents near the project and other stakeholders to conduct a more thorough
Environmental Impact Statement (EIS).
Atlantic Bridge is currently pending ﬁnal FERC approval. In the meantime, Spectra submitted ﬁlings for a separate, but
linked, project (http://www.spectraenergy.com/Operations/US-Natural-Gas-Operations/NewProjects-US/Access-Northeast/) in the area – Access Northeast. NRG, in its capacity as third-party contractor, is
reviewing this project as well.
Opponents of the two pipelines have demanded that FERC review both projects as one, in the hope of receiving a more
comprehensive environmental and health analysis. Thus far, FERC has declined to unite the two projects.

Industry-funded Contractors are Presented as FERC’s
This case – where a contractor hired to review a pipeline is not only funded by the company seeking FERC approval but also
has a ﬁnancial interest in approving the project – highlights the broader question

(//www.desmogblog.com/2016/05/20/exposed-spectra-energy-funded-nec-lobbied-ferc-
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commissioner-laﬂeur-s-reappointment-then-ferc-approved-spectra-s-gas) of how FERC maintains
its independence from the industry it regulates.

FERC’s website publishes a handbook on how to use third-party contractors. In order to navigate the odd situation whereby
such contractors work for FERC but are paid by the company under FERC’s review, the text includes a variety of guidelines
on how to choose contractors and demarcate the division of labor between them and FERC.
According to the guidelines, FERC staﬀ will “have complete control over the scope, content, and quality of the contractor’s
work” and “sole ownership of all documents (other than those related to ﬁnancial aspects) produced under the contract.”
The guidelines also prohibit the energy company funding the contractor to review the work product before its release to
the public.
Yet given the constant contact between the contractor and the applicant’s employees during the review process, this seems
a diﬃcult feat to accomplish. For instance, FERC documents show that NRG and Spectra representatives engaged in regular
bi-weekly meetings during the Pre-Filing Review Process for Atlantic Bridge.
DeSmog also discovered that while the review was ongoing, Spectra and NRG participated in a panel

(http://shaleinsight.com/pdf/SHALE-INSIGHT-Final-Program.pdf) at an industry-funded conference on

the Marcellus Shale in September 2015.

The panel, titled “How Applicants Can Manage Eﬀectively a FERC Project,” was moderated by PennEast’s spokesperson
Patricia Kornick, who is an NRG employee. Panelists included Larry Brown, an NRG senior vice president who at the time
was leading the EA on Atlantic Bridge, and Andrea Grover, Spectra’s Director for Stakeholder Outreach.
To connect the dots: while Spectra-funded contractor NRG was conducting the EA for FERC on Spectra’s Atlantic Bridge
project, both companies met with other industry representatives to oﬀer tips on successfully maneuvering a FERC
application. All while being moderated by an NRG public aﬀairs specialist who was simultaneously working for a Spectra
pipeline related to Atlantic Bridge.
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(Image from the program of Shale Insight Conference 2015, showing collaboration between NRG and Spectra)

Another problem relates to contractors’ transparency. During public scoping meetings, where contractors are present
alongside FERC oﬃcials to hear local residents’ concerns, FERC does not acknowledge the contractor’s funding source.
DeSmog reviewed numerous scoping meeting transcripts from the past 8 years, and in none of them did FERC staﬀ clarify
that contractors are funded by the industry. Instead, contractors are presented to the audience in these meetings as
“working for FERC,” “assisting FERC,” “an extension of FERC,” or “with us” [i.e. FERC].
This is, at the least, a selective description. At worst, it is outright misleading.
To further confuse matters, in a document on FERC’s website announcing a training seminar, several NRG employees are
listed (http://www.ferc.gov/industries/gas/enviro/binder-bios.pdf) under the inaccurate title of “FERC
Staﬀ Bios.”

At Weymouth Public Meeting, Spectra-funded Contractor Presented as FERC Staﬀ
Two such public meetings were held in the past year in Weymouth, Massachusetts, where Spectra plans to construct a gas
compressor station in the middle of town as part of the Atlantic Bridge project. Both meetings, which were held in the
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town’s middle school auditorium, were attended by hundreds of residents and other stakeholders from the area.
NRG employees sat on the stage alongside FERC oﬃcials, facing the audience.
In the ﬁrst meeting, NRG employees were presented

(http://www.ferc.gov/CalendarFiles/20150605085514-PF15-12-05-13-2015.pdf) as “third party
consultants assisting us”. In a public meeting last week on the Access Northeast project, FERC oﬃcials introduced

(http://weymouth.tv) NRG employees as “representing FERC.”

(//www.desmogblog.com/sites/beta.desmogblog.com/ﬁles/Image%20%23%204_0.jpg)

(Image from the minutes of a FERC public meeting in Weymouth MA, May 2015. Spectra-funded contractor’s staﬀ are
presented as “assisting FERC,” with no mention of their funding source. Source: ferc.gov)
Both meetings were highly charged, with a great majority of speakers strongly demanding that FERC deny the project. A
smaller number of people voiced support.
Yet all Weymouth residents DeSmog spoke with assumed they mere addressing FERC staﬀ.
Weymouth Town Councilor, Becky Haugh, who has been a vocal opponent of the Atlantic Bridge and Access Northeast
projects, was stunned to learn from DeSmog that Spectra has funded NRG’s work on the EA.
“I had no clue,” says Haugh. “This is news to me.”
Haugh is also surprised to learn that NRG employees sat alongside FERC staﬀ at the town’s public meetings. “I thought they
were all direct employees of FERC,” she told DeSmog.
When contacted by DeSmog for comment, NRG’s senior vice president Larry Brown, who was present in both the
Weymouth meetings, said he could not respond to the issues raised in this article since his company is under contract by
FERC. Brown referred DeSmog to FERC.
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A FERC spokesperson denied third-party contractors are generally in a conﬂict of interest and said that such relationships
are transparent. She referred DeSmog to the Commission’s handbook guiding the hiring and use of such contractors.
FERC was asked speciﬁcally to comment on NRG’s alleged conﬂict of interest in the Atlantic Bridge project. Again, the
spokesperson referred DeSmog to the handbook.
Spectra Energy did not return several requests for comment.
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karen orlando • 11 days ago

In the first place your quotes show quite clearly that ferc clearly and accurately introduced the
contractors at the meeting. In the second you have made an assertion for which there is no
proof period, that the Penn East pipeline which is described as delivering gas to Pennsylvania
and new Jersey and Atlantic bridge project are "connected" nor have you demonstratd that
the contractor has a financial interest in the ea they were contracted by ferc for. And third I
have seen this contractor and mr brown contracted for a separate pipeline project by ferc also
unrelated to Atlantic bridge project. Fourth has anyone asked who they would prefer fund the
third party contractor? I imagine desmog blog would like this to be the taxpayers?
Look desmogblog is an antifracking activist site. You don't do investigative journalism or
reporting.
1△

▽

• Share ›
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EXECUTIVE SUMMARY
“There is such a thing as being too late when it comes to climate change.
The science tells us we have to do more.”
President Barack Obama, August 2015

This report details the increasing threat to the climate from American natural gas
production. We document the emergence of the Appalachian Basin as the key
source of projected natural gas production growth in the coming decades. We also
identify the proposed pipelines that would enable that growth, and how this gas
production would undermine national and global climate goals.
In the early 1990’s, many promoted natural gas as a “bridge” to a clean energy
future. Despite 25 years of changing economics, technology, and climate science,
some in government and industry still believe in this bridge over a gap that no longer
exists. This report rebuts the remaining “natural gas as bridge fuel” arguments and
recommends constraining gas production by applying a climate test to the permitting
of all gas pipeline proposals. Energy policy must align with climate science.

KEY POINTS
f Current projections for U.S. natural gas production – fueled by the ongoing gas

boom in the Appalachian Basin – are not aligned with safe climate goals, or the
current U.S. long-term climate target.
f Any analysis of the need for gas supply must be premised on national and

international climate goals, not business-as-usual.
f Currently there are 19 pending natural gas pipeline projects that will increase

the takeaway capacity from the Appalachian Basin and enable a doubling in
gas production from the region in the coming decade. Dozens of downstream
projects are also planned.
f With the 40-year plus lifespan of gas pipelines and power plants, new pipelines

would lock in unsustainable levels of gas production, as investors and operators
will have financial incentive to maximize production once initial investment
is complete.
f Reducing methane leakage is important, but it does not provide a license to

grow production.
f The Obama Administration must work to align FERC and all government agency

decisions with safe climate goals. A Climate Test is essential for all decisions
regarding fossil fuels: www.climatetest.org
f It doesn’t have to be this way. Clean energy technology is here now, affordable,

and ready to meet our needs

4 EXECUTIVE SUMMARY
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THE APPALACHIAN BASIN IS THE KEY SOURCE
OF POTENTIAL U.S. GAS PRODUCTION GROWTH
In the past decade, natural gas production in the Appalachian Basin has experienced
unprecedented growth – particularly in the Marcellus and Utica shale formations in
Pennsylvania, West Virginia, and Ohio. As a result of the use of hydraulic fracturing
(fracking) and horizontal drilling to access previously inaccessible gas formations,
gas production from the Appalachian Basin has growth 13-fold since 2009, reaching
over 18 billion cubic feet per day (Bcf/d) in 2015.
It is widely expected that production in the Appalachian Basin region will double over
current levels by the early 2030s. In 2010, the Appalachian Basin produced just four
percent of U.S. gas production, but by 2030 it could provide around 50 percent.

THE PIPELINE RUSH WOULD UNLOCK NEW GAS
To support this planned huge expansion of production, the industry wants to build
infrastructure, and in particular, pipelines. Dozens of proposed pipeline projects in
the region are currently being considered for permitting by FERC. Of these, there are
19 key pending pipeline projects that would unlock at least 15.2 Bcf/d of production.
Building these pipelines would enable the Appalachian Basin to expand production
well beyond current levels. All together, these 19 pending pipeline projects would
enable 116 trillion cubic feet of additional gas production by 2050.

U.S. GAS PRODUCTION GROWTH IS OUT OF
SYNC WITH CLIMATE GOALS
The potential for further growth in gas production represents a major challenge for
U.S. climate policy. The Paris Agreement on climate change, signed by 178 nations
as of June 2016, establishes the goal of “holding the increase in global average
temperature to well below 2°C above preindustrial levels and pursuing efforts to limit
the temperature increase to 1.5°C above preindustrial levels.”1 The current U.S. longterm climate target – which may not be enough to achieve the ‘well below 2 degrees’
goal set in Paris – is an emissions cut of 83 percent from 2005 levels by 2050. 2
The U.S. Energy Information Administration’s (EIA) latest projection for U.S. gas
supply and demand (Annual Energy Outlook 2016) shows a 55 percent increase
in production and a 24 percent increase in consumption by 2040. The difference
between the greater rise in production than consumption would go to export, making
the U.S. a major exporter of natural gas in the coming decades. This projection also
sees U.S. energy-related CO2 emissions declining only around 4 percent from 2015
levels, in stark contrast to the climate leadership this Administration has strived for.

Cross-country pipe being installed.
©Ed Wade, Wetzl County Action Group,
FracTracker Alliance
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The currently planned gas production expansion in Appalachia would make meeting
U.S. climate goals impossible, even if the Administration’s newly proposed methane
rules are successful in reducing methane leakage by 45 percent. Our calculations
show that the rise in gas consumption projected by the EIA would alone lead to
emissions that would surpass the current long-term U.S. climate target by 2040,
even after accounting for methane leakage cuts. This ignores the emissions from the
production (and consumption) of exported gas. In other words, even if gas were the
only source of greenhouse gases in 2040, it would still blow the U.S. carbon budget.
This makes it clear that the growing use of gas is out of sync with U.S. climate goals
(see Figure ES-1).
New gas power plants and pipelines are designed to last at least 40 years. Once the
initial capital has been spent on them, they will likely operate even at a loss to the
detriment of cleaner sources. It makes more sense to avoid these investments now
and instead allow clean energy technologies to fulfill their maximum potential.
When President Obama made the historic decision to deny the Presidential Permit for
the Keystone XL pipeline, he did so because, in his words: “America is now a global
leader when it comes to taking serious action to fight climate change. And frankly,
approving this project would have undercut that global leadership. And that’s the
biggest risk we face – not acting.”4

Figure ES-1: Projected U.S. GHG Emissions from Gas Usage & Leakage vs. U.S. 2050 Climate Target
Sources: U.S. Energy Information Administration, Environmental Protection Agency, and the Intergovernmental Panel on Climate Change3
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RECOMMENDATIONS
Not acting to constrain gas production and consumption to within science-based
climate limits is a major risk. The planned gas pipelines in the Appalachian Basin
simply cannot be built if the U.S. is to achieve climate goals. Gas pipelines and other
fossil fuel projects must be considered in light of climate targets. Specifically:
f All federal government agencies and departments, including FERC, should apply a

climate test in the permitting processes of all fossil fuel infrastructure, including in
Programmatic Environmental Impact Statements.
f No new natural gas pipeline projects should be considered unless they can pass a

climate test. The climate test should be applied to all currently pending and future
pipeline applications.
f The EIA should provide detailed guidance in its Outlook reports for U.S. fossil fuel

supply and demand under various climate goals, including the nation’s long-term
climate goal, a 2°C path, and a 1.5°C path.

RENEWABLE ENERGY IS READY
Renewable energy is already set to become the dominant source of new generation,
replacing coal and gas with zero-carbon power. In many parts of the U.S., renewable
energy is today the lowest-cost and lowest-impact means to add generation capacity
to our electricity system. Battery storage and grid management technology are
ready to even out the intermittency of wind and solar. Widely held assumptions about
the need for fossil fuel baseload power and limits to renewable energy penetration
are unravelling fast. It is increasingly clear that the clean energy sector is poised to
transform our energy system.
There is nothing standing in the way of building the renewable energy capacity we
need to sustain our electricity needs – except maybe the entrenched interests of the
natural gas industry. Renewables are the clear choice for future energy production,
and natural gas is simply a bridge too far.

U.S. Climate Goals
The U.S. has made a series of international and domestic climate commitments:
f Paris Agreement (2015): “Holding the increase in the global average

temperature to well below 2 °C above pre-industrial levels and to pursue efforts
to limit the temperature increase to 1.5 °C above pre-industrial levels”;
f Intended Nationally Determined Contribution pledge (2015): 26-28% reduction

in emissions from 2005 levels by 2025;
f Copenhagen long-term goal (2010): “By 2050, the Obama administration’s goal

is to reduce U.S. greenhouse gas emissions approximately by 83 percent from
2005 levels”.
For the purposes of this report, we have measured against the existing
Copenhagen target, which has the virtue of being both long term and specific.
Oil Change International believes that the science demands full decarbonization
of energy systems as soon as possible, on a trajectory that meets or exceeds
internationally agreed upon goals.

EXECUTIVE SUMMARY 7
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INTRODUCTION
On April 22, 2016, over 170 nations signed
the Paris Agreement on climate change at
the U.N. in New York. Today the number of
signatories stands at 178. The U.S. received
credit for working with China and other
large emitters to seal the deal.
The targets in the agreement aim to keep
global temperatures “well below” 2°C and
“pursu[e] efforts to limit the temperature
increase to 1.5°C above preindustrial levels”.
Given the level that emissions have reached
in recent years; these targets will require a
dramatic effort.
The role of the U.S. in achieving these goals
is paramount. As the world’s second largest
emitter of greenhouse gases (GHGs) and
as one of the most prolific sources of fossil
fuels in the world, the U.S. will need to
coordinate every level of government to play
its role in achieving the world’s climate goals.
With a currently stated national goal to cut
emissions by 83 percent from 2005 levels by
2050, the U.S. has no time to waste.
To date, such coordination is sorely
lacking. Departments and agencies of the
federal government that are responsible
for permitting fossil fuel infrastructure are
pursuing a business-as-usual approach that
neglects climate change as a factor in their
decision-making. FERC is one such agency.
FERC is responsible for issuing permits
for the construction and operation of
interstate natural gas pipelines, among
Cross-country pipe being installed.
©Samantha Malone, FracTracker Alliance

other things. As the proliferation of fracking
and horizontal drilling has triggered an
unprecedented growth in natural gas
production, FERC has issued dozens of
permits in recent years to expand and
redirect existing pipelines, and plow new
pipelines across the country to facilitate
further expansion.
In the next few years, the Appalachian
Basin could become the epicenter of this
pipeline buildout, and FERC stands as the
gatekeeper to dozens of major projects
yet to be permitted. These projects could
unleash a massive surge in natural gas
production from this region, allowing U.S.
natural gas production to aggressively grow
at precisely the time that the world needs to
constrain fossil fuels of every kind.
At stake is the attainment of U.S. climate
goals. Locking in new natural gas
infrastructure, with an economic lifespan of
at least 40 years, could appropriate all of
the U.S. emissions budget for natural gas
alone. In other words, far from providing a
bridge to clean energy, natural gas could
undermine the transition that is required for
a safe climate future.
At the core of this issue are two myths
that have so far been diligently plied by
the natural gas industry: 1) that gas is
substantially cleaner than coal, and 2) that
relentless gas production growth is integral
to the clean energy transition and therefore
in the public interest.

Both of these myths are countered in
this report.
This report details the following:
f The Appalachian Basin could become

the primary source of U.S. gas in the
future.
f Proposed pipelines in the Appalachian

Basin would unlock substantial growth
in U.S. natural gas production.
f The surge in natural gas supply

associated with these pipelines is entirely
out of sync with U.S. climate goals.
f Renewable energy is ready now

to supply U.S. energy needs at
competitive cost.
Finally, the report recommends that in
order for the U.S. to achieve the climate
goals it has set, government agencies must
apply a climate test to future infrastructure
and policy decisions. The test should be
based on prevailing climate science and
an understanding of the role of fossil fuel
supply on energy markets. In particular,
FERC must apply a climate test to gas
pipelines and other gas infrastructure that
seeks a permit.

INTRODUCTION 9
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THE APPALACHIAN BASIN
IS THE KEY SOURCE OF
POTENTIAL U.S. GAS
PRODUCTION GROWTH
The Appalachian Basin is defined by the
U.S. Geological Survey as stretching from
Alabama to Maine, encompassing the
majority of the U.S. eastern seaboard.5 For
the purposes of this briefing, we focus on
the centers of natural gas production in the
states of Pennsylvania (PA), West Virginia
(WV), and Ohio (OH). We use the term
Appalachian Basin to encompass the gas
production in these three states.

is primarily located in northwest West
Virginia and southwestern and northeastern
Pennsylvania.ii Dry gas production from
the Marcellus grew from zero in 2006
to nearly 15 Bcf/d in 2015.iii In that time,
nearly 18 trillion cf of dry natural gas has
been extracted, along with nearly 200
million barrels of natural gas liquids (NGLs).
Production could more than double to
around 33 Bcf/d by the early 2030s.

In 2009, dry gasi production from these
three states was barely 1.7 Bcf/d. This is
only slightly more than the capacity of just
one of the larger proposed major pipelines,
such as the 1.5 Bcf/d Atlantic Coast
Pipeline proposed in Virginia by Dominion
Resources and Duke Energy. The nearly
13-fold growth in gas production in the
Appalachian Basin since 2009 has primarily
come from the emergence of fracking and
horizontal drilling in two key geological
formations: the Marcellus and Utica.

The Utica formation lies beneath the
Marcellus in certain parts of West Virginia
and Pennsylvania but is predominantly
located in eastern Ohio. Its exploitation
only started to gather pace in 2013. Dry gas
production has grown from zero in 2010 to
nearly 2.6 Bcf/d in 2015. By the end of that
year, over 1.5 trillion cf of dry natural gas
and over 120 million barrels of NGLs and oil
have been extracted from this formation.
Gas production in the Utica could reach
over 4.5 Bcf/d by the early 2020s.

The Marcellus formation has proved to be
America’s – and one of the world’s – most
prolific natural gas formations. Production

In total, over 18 Bcf/d of dry gas is produced
from the Marcellus and Utica formations
today. Rystad Energy projects that

production will double by the early 2030s
to over 36 Bcf/d, led by expansion in the
Marcellus. Other formations in the region
could bring the total dry gas production for
the Appalachian Basin to over 37 Bcf/d.
The role of the Appalachian Basin in the
potential growth in U.S. gas production
cannot be overstated. Figure 2 shows
that the region is projected to play an
increasingly dominant role in U.S. gas
production in the decades ahead. In
2010, the Appalachian Basin produced
just four percent of U.S. gas production.
At its projected peak in the 2030s, the
Appalachian Basin could be supplying
around 50 percent.
This production growth cannot be realized
without building the pipeline capacity
to carry it to market. We calculate that
around 15.2 Bcf/d of the anticipated 18.5
Bcf/d production growth cannot go ahead
without the pipelines that are currently
proposed and under review.

i. This report discusses the impact of dry gas production and dry gas pipelines. While some natural gas liquids (NGLs) are produced in this region, they are beyond the scope of this
report. Unless otherwise stated, the figures used refer to dry gas production only. Other sources, such as the EIA Drilling Productivity Report, include data for mixed wet and dry
gas production, as production at the well is a combination of these hydrocarbons. Dry gas is separated from liquids in processing plants and transported to market in dedicated
pipelines. The expansion of this dry gas pipeline network from the Appalachian Basin is the subject of this report.
ii. The Marcellus formation reaches into New York and Virginia but although pipeline routes travel through these states, there is currently no plan for production in these states.
iii. All gas production data are from Rystad Energy AS.
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Figure 1: Dry Gas Production in the Appalachian Basin (Past and Forecast) Source: Rystad Energy AS
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Figure 2: The Increasing Role of the Appalachian Basin in U.S. Dry Gas Production Source: Rystad Energy AS
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Differing Projections, Similar Conclusions
In this report, we use data from Rystad Energy’s UCube
database to provide a breakdown of both historical and
projected production by geological formation in order to
understand the role of the Appalachian Basin in the potential
future of U.S. gas production. We also use EIA outlooks for
national-level projections.
There are other sources that offer different projections. The
future of any hydrocarbon production depends on many
factors, including the size of the hydrocarbon resource in
the ground, the development of extraction technology, and
market prices and policies that may affect prices or costs
of development. All projections are based on different
assumptions of these factors and must be viewed as
projections rather than predictions. Therefore, we do not
endorse any particular outlook as being the most accurate, but
view all of them as a guide to what could happen.
To date, production of oil and gas from U.S. shale formations,
in particular gas production from the Marcellus, has repeatedly
outperformed projections. Figure 3 is from BP’s Annual Energy
Outlook 2016 and shows the company’s repeatedly revised
projections for U.S. tight oil and shale gas production.
The latest projection in the chart (2016) suggests continued
very steep growth with U.S. shale gas production reaching
around 80 Bcf/d in 2035. This is much greater than the 63 Bcf/d
that the Rystad data we have used shows as a peak in U.S. shale
gas production in the 2030s. BP does not provide a breakdown

of formations, but it seems likely that stronger growth from the
Marcellus and Utica accounts for a significant part of its bullish
forecast.
It should also be noted that EIA projections show a
steady increase in U.S. gas production through 2040,
the last year of the EIA’s outlook range. EIA revised
up its gas production projection in its latest annual
flagship report, the Annual Energy Outlook
(AEO). The AEO 2016 has only been published
as a limited early release at this time and does
not show a regional breakdown of projected
gas production. However, it is remarkable
that projected U.S. gas production in 2040 has
been revised up nearly 20 percent from the AEO
2015 (see Figure 4). The projection now sees
gas production rising 55 percent from 2015 to
2040. Production in 2040 would be some 55
percent higher than in Rystad’s projection.
No one really knows what the future will
bring, but it is clear that without
climate policies, U.S. natural gas
production is very likely to grow
substantially in the coming
decades, and the Appalachian
Basin is very likely to be at the
heart of that growth.
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Figure 3: BP Outlook 2016, Shale Play Forecasts. Source: BP p.l.c. 20166
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THE PIPELINE RUSH WOULD
UNLOCK NEW GAS
How much new capacity is proposed?
There has already been tremendous growth
in gas production from the Appalachian
Basin. The region was barely producing
enough gas to fill one major pipeline in the
first decade of the 21st century, and much
of this gas was consumed locally. But since
2009, production has grown over 1,000
percent, spawning a wholesale re-plumbing
of the pipeline network in the region. In
the past, pipelines brought gas into the
region, primarily from the Gulf Coast states
of Louisiana and Texas. The main interstate
pipelines came through the region on their
way north, feeding distribution lines on
their way.
Our analysis of the pipeline buildout
is focused on the climate impact, and
therefore we assess only those pipeline
projects that add takeaway capacity
from the Appalachian Basin. These are
sometimes referred to as first mile projects.
There are dozens of projects that expand
the distribution capacity of the gas pipeline
network, but while these broaden the reach
of Appalachian Basin gas, these do not in of
themselves increase the takeaway capacity
from the basin. They therefore may not
by themselves enable production growth,
which leads to increased climate impact.

There are also proposed pipeline projects
for Natural Gas Liquids (NGLs) in this region
but we do not deal with these here. Dry
gas constitutes the vast majority of the
hydrocarbons that are projected to come
from the Appalachian Basin.
In 2014 and 2015, eleven major projects,
some with multiple phases, were completed,
adding around 5.25 Bcf/d of takeaway
capacity from the region. All of these
involved reversals and/or expansion of
existing pipeline systems. Some new pipe
was laid, and new compression stations
added, but none of these involved creating
major new pipeline corridors.
In addition, two projects are currently
under construction, and construction on
another had started but has since been
halted. The larger of the two that are still
going forward is the latest expansion of the
Rockies Express (REX) pipeline, called the
Zone 3 Capacity Enhancement Project. This
will add 800 million cf/d by early 2017. The
other is a 130 million cf/d supply line that
Dominion Transmission Inc. is building to
feed southwest Pennsylvania supply into
the Lebanon hub in Ohio. This hub supplies
gas to various pipelines heading south to
the Gulf Coast and west into the Rockies.
The Constitution Pipeline is a new-build
project that began construction this spring

but stalled when the New York State
Department of Environmental Conservation
(NYSDEC) denied the project’s Section 401
Water Quality Certification.7 The companies
involved, led by pipeline giant Williams,
have vowed to continue with the project.8
If it goes ahead, Constitution will add 650
million cf/d of new takeaway capacity from
northeast Pennsylvania.
Waiting on the sidelines are 18 additional
major projects that could add nearly 18
Bcf/d to the takeaway capacity from the
region. Ten of these projects are expansions
and/or reversals of existing pipelines
(see Map 1). However, to achieve those
expansions some new pipeline will be laid
and several new compression stations will
be built to increase pressure to enable the
flow of additional gas. These ten expansion
projects would add over 5.5 Bcf/d of
additional takeaway capacity.
Eight of the proposed pipelines are
new-build projects forging new pipeline
corridors over hundreds of miles (see Map
2). These would add another 12.4 Bcf/d
of takeaway capacity. Together with the
Constitution Pipeline, there is over 18.6
Bcf/d of takeaway capacity hanging in the
balance. Building these pipelines would
enable the Appalachian Basin to expand
production to its likely maximum potential
(see Figure 5).
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Table 1: Proposed Pipeline Expansions
Pipeline

Capacity (Million CF/D)

Destination

Status (FERC Docket No.)

Boardwalk Northern Supply Access

384

Texas

FERC Docket CP15-513

Spectra TEAM Gulf Markets 1

250

Texas

FERC Docket CP15-90

Spectra TEAM Gulf Markets 2

400

Texas

FERC Docket CP15-90

NFGS Northern Access 2016

497

New York & Canada

FERC Docket CP15-115

Williams Transco Atlantic Sunrise

1,700

Serves Entire Mid-Atlantic
onto Florida

FERC Docket CP15-138

Spectra TEAM Adair Southwest

200

Kentucky

FERC Docket CP15-3

Spectra TEAM Access South

320

Alabama & Mississippi

FERC Docket CP15-3

NFGS Empire North

300

New York & Canada

FERC Docket CP15-115

KM Broad Run Expansion

200

Tennessee, connects to Georgia
& South East

FERC Docket CP15-77

CGT WB Xpress

1,300

Connects to U.S. Gulf Coast
Systems and Mid Atlantic Markets

FERC Docket CP16-38

Total Capacity

5,551

Capacity (Million CF/D)

Destinations

Status (FERC Docket No.)

650

New York

Construction Stalled

CGT Leach Xpress

1,000

Gulf Coast Markets

FERC Docket CP15-514

ETP Rover

2,750

Michigan & Canada

FERC Docket CP15-93

990

Pennsylvania

FERC Docket CP15-558

Spectra NEXUS

1,500

Michigan & Canada

FERC Docket CP16-22

Dominion Atlantic Coast

1,500

Virginia & North Carolina

FERC Docket CP15-554

EQT Mountain Valley

2,000

Virginia

FERC Docket CP16-10

750

Connects to US Gulf Coast

FERC Pre-filing

Williams Transco Appalachian
Connector

1,900

Connects to Atlantic Sunrise Mid-Atlantic and SE
as far as Florida

Preliminary Evaluation

Total Capacity

13,040

Table 2: Proposed New-Build Pipelines
Pipeline
Spectra Constitution

Spectra PennEast

CGT Mountaineer Express
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VT

NY

NH

MA

MI

CT
RI
PA
IN

IL

OH

NJ
DC

DE
KY
VA

WV

MD

TN

NC

SC

MS

AL

GA

FL

Proposed New Build Pipelines
Appalachian Connector
Atlantic Coast
Leach Xpress

Mountain Valley
Mountaineer Xpress
Nexus

PennEast
Rover

New Build Proposed Pipelines - Construction Stalled
Constitution
All pipeline routes are approximate
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ND

MN

ME

SD

VT

WI

NY
NH
MI

IA

MA
NE

CT
IL

OH

IN

RI

PA

MO
DC

NJ
DE

KS
KY

WV
MD
VA

OK

TN

AR

NC

SC

LA

MS

TX

AL

GA

FL

Proposed Expansion Pipelines
Access South
Adair Southwest
Atlantic Sunrise

Broad Run Expansion
Empire North
Gulf Markets 1 & 2

Northern Access 2016
Northern Supply Access
WB Xpress

Proposed Expansion Pipelines Under Construction
Rockies Express Pipeline Zone Three Capacity Enhancement
Lebanon West II
All pipeline routes are approximate
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ASSESSING THE
CLIMATE IMPACT
A starting point for looking at the climate
impact of this pipeline buildout is to
estimate how much gas production is
enabled by the full realization of all the
proposed pipelines.

Basin gas production – in particular, the
gray shaded area within the “capacity
pending” area shows the total production
that would be enabled by the increase in
pipeline capacity from currently planned
pipelines.

Figure 5 shows the capacity implications
of the region’s pipeline buildout, including
pipelines that are already built, those that
are currently under construction, and those
yet to break ground. It also shows the
Rystad Energy forecast for Appalachian

built, production of around 116 trillion cubic
feet of potential gas production from now
through 2050 would be avoided. New gas
drilling in the region would only occur as
production from existing wells declines
to free up pipeline capacity. Avoiding
production of the additional gas would
dent U.S. gas production growth and, as
we will demonstrate in subsequent sections
of this report, could help prevent the U.S.
from overshooting its climate goals.

As the chart shows, current pipeline
capacity could become full in 2017,
constraining projected Appalachian Basin
gas production growth to 2050 and
beyond. If no new takeaway capacity is

Figure 5: The Appalachian Gas Pipeline Buildout and Projected Production Sources: Bloomberg New Energy Finance, Rystad AS, RBN Energy
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Resistance to Pipelines
Whether these proposed pipelines are new-build projects
or expansions of existing infrastructure, many are facing
resistance to the appropriation of land for pipeline corridors
and/or additional compression stations and other associated
equipment. As Map 2 shows, proposed new-build projects
are heavily concentrated in West Virginia and Virginia, and
resistance is particularly strong in the Allegheny Mountains,
where the projects threaten fragile mountain ecosystems,
national forests, and the headwaters of the region’s rivers.

The threat of eminent domain to force through these pipelines
has angered many residents along these proposed routes,
and growing resistance to this abuse of a law designed to
appropriate land for the public good – not private profit – is
increasingly threatening the realization of these plans.

Citizens resisting the proposed Atlantic Coast Interstate Gas Pipeline through West
Virginia and Virginia plant Seeds of Resistance in Nelson County Virginia. June 2016.
©Peter Aaslastad, Oil Change International and Bold Alliance.
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U.S. GAS PRODUCTION
GROWTH IS OUT OF SYNC
WITH CLIMATE GOALS
Primarily through the development of
fracking and horizontal drilling, the U.S. has
become one of the largest global producers
of oil and gas, rivaling Saudi Arabia and
Russia. The recent oil price crash has slowed
growth somewhat, but the expectation of
an eventual turn in the price cycle would
herald a return to the frantic drilling rates
seen in recent years.
This potential for further fossil fuel
production growth represents a major
challenge for U.S. climate policy. The U.S.
cannot continue to supply increasing
quantities of oil and gas to both domestic
and global markets and strive to achieve
the goals set by its climate change
commitments.
This section examines U.S. climate goals,
and the implications of the increase in U.S.
natural gas production spurred by growth in
the Appalachian Basin.

U.S. CLIMATE TARGETS
In 2010, the U.S. Department of State set
goals for U.S. emissions reductions in its
“Fifth National Communication of the
United States of America Under the United
Nations Framework Convention on Climate
Change.”9 The long-term target is for an
emissions cut of 83 percent from 2005
levels by 2050.
This goal may not be consistent with
keeping warming below 2°C, even if
every country cut emissions at equal
rates. Equivalent emissions reduction
rates raise equity issues given that the

U.S. is responsible for the largest share of
historical emissions to date. In other words,
to balance the responsibility for emissions
more equitably, the U.S. would likely need
to cut emissions more dramatically than its
current goal to play its role in achieving the
Paris Agreement goal of keeping warming
well below 2°C.
However, as the 83 percent emissions
reduction goal is the current commitment
of the U.S. government, we use it here to
assess whether rising natural gas production
and consumption is in sync with U.S. policy.
The emissions reduction goal set out above
has guided the Obama Administration’s
actions on climate change ever since it was
put in place. While current policies are not
nearly enough to fulfill the 2050 goal of an
83 percent reduction, the 2025 goal of a 28
percent reduction, which was submitted as
the U.S. Intended Nationally Determined
Contribution (INDC) to the Paris Agreement
process,10 may be within grasp if policies
such as the Clean Power Plan (CPP) and
vehicle efficiency standards (CAFE) reach
their full potential.
However, cheap, abundant natural gas may
lead to a lock-in of infrastructure that would
undermine attainment of the more dramatic
cuts required after 2025.

NATURAL GAS
CONSUMPTION AND
THE U.S. CLIMATE GOAL
The most commonly used energy forecast
in the U.S. is the Reference Case produced
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by the EIA in its Annual Energy Outlook
(AEO). The EIA’s Reference Case is based
on a model that freezes energy policy at the
time the report is produced and has a very
cautious approach to technological and
behavioral change. In other words, it is not
meant as a forecast for how energy flows
will necessarily pan out (although it is often
treated as such), but rather a projection of
how energy flows might look if all current
policies and expectations of technology
change remain static.11 As the projections
span 25 years, it is extremely unlikely that
major changes would not take place.
However, the Reference Case serves a
purpose of indicating what the future will
look like should we stop innovating both
technology and policy. When it comes
to addressing climate change, the EIA
Reference Case shows how much more we
need to do to prevent catastrophe.
For the purposes of assessing whether we
can expand natural gas production and
consumption and still meet our climate
goals, the EIA Reference Case is useful
because it approximately matches growth
goals of the gas industry.
Figure 6 shows the AEO 2016 (Early
Release)12 Reference Case projections for
natural gas production and consumption in
the U.S. Production is expected to increase
55 percent between 2015 and 2040, while
consumption is seen increasing 24 percent
in the same period. The difference between
production and consumption is accounted
for by exports. The U.S. was a net zero
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Figure 6: Projected U.S. Gas Production and Consumption in the AEO 2016 Reference Case Source: U.S. Energy Information Administration
50
Production
Consumption
45
EXPORTS
40

Quadrillion BTUs

35
30
25
20
15
10
5

23
20
24
20
25
20
26
20
27
20
28
20
29
20
30
20
31
20
32
20
33
20
34
20
35
20
36
20
37
20
38
20
39
20
40

22

20

21

20

20

20

18

19

20

20

17

16

20

20

20

20

15

0

Figure 7: U.S. Energy-Related Greenhouse Gas Emissions in AEO 2016 versus U.S. Climate Goaliv
Source: U.S. Energy Information Administration & U.S. Department of State

7,000
EIA Reference Case (2016)

83% Emissions Reduction

Million Metric Tons CO2

6,000

5,000

4,000

3,000

2,000

1,000

20

0

20 5
0
20 6
0
20 7
0
20 8
0
20 9
10
20
1
20 1
12
20
1
20 3
14
20
1
20 5
16
20
1
20 7
18
20
1
20 9
20
20
2
20 1
22
20
2
20 3
2
20 4
2
20 5
2
20 6
27
20
2
20 8
2
20 9
30
20
3
20 1
3
20 2
33
20
3
20 4
3
20 5
3
20 6
3
20 7
38
20
3
20 9
40

-

exporter in 2015, but could be exporting
as much as nine trillion cubic feet in 2040,
according to these projections.
The Reference Case also shows that if U.S.
consumption of fossil fuels does follow the
trajectory that the projections suggest, U.S.
emissions reductions goals will be missed
by an order of magnitude. Using energyrelated emissions only, the Reference Case
suggests that emissions could be only
around 16 percent below 2005 levels in

2040, or around four percent less than in
2015. It is worth noting that the AEO 2016
Reference Case does include the impact of
implementing the Clean Power Plan (CPP),
the key power sector climate policy being
pursued by the current administration. The
CPP is projected to reduce emissions in
2040 by around eight percent compared
to business as usual. However, as Figure
7 clearly shows, the U.S. would still be
dramatically off course in reaching its
climate goals. The difference is stark.

Emissions in 2040 are nearly 140 percent
higher in the Reference Case than they
would need to be to stay on course with the
2050 U.S. climate goal.
The increase in natural gas production
and consumption is not the only reason
emissions in the Reference Case are so far
from the U.S. climate goal. But it is one part
of a wider failure to reign in fossil fuels that
the Reference Case clearly illustrates.

iv. U.S. climate goal percentage reduction is equally applied to energy as to other GHG sources, i.e. 83% from 2005 to 2050.
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NATURAL GAS DOES NOT
PROVIDE NEEDED CLIMATE
BENEFITS
For rising natural gas production and
consumption to fit into a scenario of rapidly
declining GHG emissions, natural gas
would need to be a significant enabler of
substantial emissions reductions.
The natural gas industry claims that natural
gas replaces coal, leading to reduced
emissions. But there is increasing evidence
that not only has the past role of natural gas
in emissions reduction been exaggerated,
but that future natural gas consumption
growth could account for more emissions
than the U.S. climate goal allows for, even
if emissions from all other sources are
mitigated.
To assess the climate impacts of new natural
gas infrastructure, several facts should be
considered:
f When methane leakage is considered,

natural gas can be equally or more
polluting than coal.
f Reducing methane leakage is very

important, but it does not provide a
license for production growth.
f Even with zero methane leakage,

replacing an old coal plant with a new
natural gas plant may reduce emissions
in the immediate term, but will lead to a
net increase in aggregate CO2 emissions
if the gas plant is still emitting CO2
decades after the coal plant would have
been retired.

THE EFFECTS OF METHANE
LEAKAGE ARE SIGNIFICANT
Dry gas is almost pure methane (CH4).
When combusted, the greenhouse gas
emitted is carbon dioxide (CO2), the same
as with coal and oil. In general, the CO2
emissions associated with gas combustion
are lower per unit of energy produced than
with coal and oil.
But if methane is vented directly to the
atmosphere without combustion, the
global warming potential of that gas in
the atmosphere is pound-for-pound much
greater than CO2. For this reason, methane
leaks occurring during the production,
processing, transportation, and storage of
gas can substantially increase its climate
impact.
The fifth report (AR5) of the
Intergovernmental Panel on Climate
Change (IPCC) updated the global warming
potential of methane compared to CO2.
Two figures are most often quoted for the
potential – a 100-year figure and 20-year
figure – which refer to the potential of
the gas to force temperature change over
the given time span. Methane has a shorter
life span in the atmosphere than CO2 but
a much higher impact. The AR5 put the
20-year impact of methane at 86 times
that of CO2 and the 100-year impact at
36 times.
The methane leakage rate during the
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production, processing, transportation,
and storage of gas is central to assessing
the climate impact of gas use. Independent
analysis suggests that average US
conventional gas leakage are between 3.8%
and 5.4 % of total production, while shale
gas leaks at roughly 12%. Both rates would
put the climate impact of gas on par with, or
much greater than, coal.13
In recognition that methane leaking from
the oil and gas sector is a crucial issue to be
addressed, in March 2016 President Obama
announced an initiative with Canada to cut
methane leakage from the two countries’
oil and gas sectors by 45 percent.14 If it can
be implemented – the American Petroleum
Institute threatened to sue15 – this initiative
would be a good start to reducing the
impact of existing natural gas supply.
However, although crucially important, we
will see in the next section that reducing
methane leakage does not provide room in
the carbon budget to increase natural gas
production.

CLIMATE IMPACTS OF
RISING GAS PRODUCTION
OUTWEIGH METHANE
MITIGATION
The idea of natural gas as a ‘bridge’ to a
low carbon future is a much-used talking
point for the industry and its supporters,
but study after study has examined the
issue to find that increasing gas-fired power
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generation can only at best shave a couple
of percentage points from overall emissions
rates, and may undermine the transition to
clean energy entirely. One of the problems
is that rising gas use does not only displace
coal; it also displaces zero-carbon energy.
For example, a Stanford University
study published in 2013 used a variety of
modeling tools to estimate the “emissions
and market implications of new natural
gas supplies.”16 The study found that none
of the six modeling systems they sampled
showed a significant reduction in U.S.
emissions as a result of rising gas use up to
2050. The authors concluded that “[s]hale
development has relatively modest impacts
on (emissions), particularly after 2020. Over
future years, this trend towards reducing
emissions becomes less pronounced as
natural gas begins to displace nuclear and
renewable energy.” In general, the models
used found that higher gas supplies lowered
prices for gas and increased primary energy
demand, leading to higher emissions in
the 2050 projections than in the lower gas
supply scenario.
Another study from different researchers
at Stanford together with U.C. Irvine found
that cumulative U.S. GHG emissions from
2013 to 2055 were a mere 2% lower in a
high gas supply scenario compared to a low
one.17 They found that without strict climate
policies, increased natural gas supply would
not only reduce coal-fired generation

Contamination caused by an oil and gas well failure. ©FracTracker Alliance
but renewable energy generation as well.
Similar to the EIA Reference Case, this leads
to U.S. power sector emissions in 2050 that
are barely less than they are today. They
also found that methane leakage rates from
zero to three percent made little difference

to the overall result. Once again, in this
study the effect of higher gas supplies is
to reduce renewable energy market share
and maintain unsustainable levels of CO2
emissions.
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Statoil Kuhn Well Pad, West Virginia. ©FracTracker Alliance
Most recently, a study out of Oxford
University examined the ‘2°C Capital Stock’
to see how close the world is to building
the electricity generation infrastructure
that, if utilized to the end of its economic
life, would take the world past the 2°C
goal.18 The disturbing conclusion they
came to is that we will be there in 2017.
Those researchers used a 50-50 chance
of staying below 2°C, in the climate model
simulations, which we consider highly
risky given the consequences of crossing
the 2°C threshold.19 The authors conclude
that “[p]olicymakers and investors should
question the economics of new long-lived
energy infrastructure involving positive net
emissions.”
The paper raised an important point about
replacing coal plants with gas, particularly
when the coal plant is due to retire within a
decade or so. In the case of a coal plant with
ten years of economic life left, shutting the
coal plant early and replacing it with a gasfired generator may cut emissions in half
(assuming no methane leakage) for those

first ten years. But when the gas plant’s
economic life is 40 years, the cumulative
emissions from the gas plant are in fact
double those from ten years of operating
the coal plant. This is because the gas plant
would emit half as much CO2 per year, but
for forty years rather than ten.
The nature of the climate problem is that
it is the total cumulative emissions that
matter. Once we have filled the atmospheric
space with CO2, there is no turning back.
As we enter a period in which we have just
a few decades at best to decarbonize, it is
time to seriously question any investment
in infrastructure that does not clearly and
dramatically reduce emissions.

RISING U.S. GAS
CONSUMPTION MAKES
MEETING U.S. CLIMATE
GOALS IMPOSSIBLE
Using the EIA’s current Reference Case
as a starting point, we calculate that
emissions from projected U.S. natural gas
consumption growth would more than
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overshoot U.S. climate goals. In other
words, even if the U.S. reduced all coal and
petroleum use to zero by 2040, the U.S.
would still exceed its climate goals based on
natural gas emissions alone.
This is even more concerning in light of
the fact that the projections factor in the
methane leakage reduction goals recently
proposed by the EPA. This means that even
under reduced methane leakage rates, U.S.
gas demand must decline over the next 25
years in order to meet climate goals. This
is in stark contrast to both EIA projections
and the ambition of the gas industry, which
is focused on massive production growth
primarily centered on the Appalachian Basin.
Figure 8 shows our estimate of emissions
from gas consumption and methane
leakage, together with the trajectory of
the U.S. climate goal to cut emissions
83 percent from 2005 levels.v It is clear
that methane leakage plays a very large
role in the emissions associated with gas
consumption and that reducing leakage
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Figure 8: Projected U.S. GHG Emissions from Gas Usage & Leakage vs. U.S. 2050 Climate Target Sources: U.S. Energy Information
Administration, Environmental Protection Agency, and the Intergovernmental Panel on Climate Change20
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can cut emissions dramatically. However,
our calculations show that the rise in gas
consumption alone projected by the EIA
would lead to emissions from gas that
would surpass the current long-term
U.S. climate target by 2040, even after
accounting for methane leakage cuts. This
ignores the emissions from the production
(and consumption) of exported gas.
Even if natural gas were the only source of
greenhouse gas emissions in 2040 (and
there were zero emissions from coal, oil,
cement, and all other sources), the U.S.
would still blow its carbon budget. This
makes it clear that the growing use of gas is
out of sync with U.S. climate goals.

About Figure 8:
We used leakage rates of 3.8%, which is

We have used the 20-year GWP

the low end of estimates of gas leakage

because whereas CO2 accumulates in

in production from Howarth 2015. Those

the atmosphere over the long-term, the

rates are then reduced 45% under the

impact of methane is felt in the short

EPA rule, which we treat as phased in on

term: according to the latest climate

a straight line from 2015 to 2025.

science, the impact of short-lived
GHGs is related more closely to their

We have adjusted the EPA’s GHG totals

annual emissions than their cumulative

to be comparable with the natural

emissions - and is most significantly felt

gas emissions, by replacing its (low)

at the time of peak CO2 concentrations.

estimates of methane leakage from

In this respect the shorter-range GWP is

natural gas production. As well as

the relevant measure.

understating the volumes (compared to
other recent assessments), the EPA used

(For further discussion see IPCC 5AR WG1

the 100-year global warming potential

sec.12.5.4, p.1108, http://ipcc.ch/pdf/assessment-

(GWP) of methane, which is much lower

report/ar5/wg1/WG1AR5_Chapter12_FINAL.pdf

than the 20-year GWP because though

and sec.8.7.1.12, pp.711-712, http://ipcc.ch/pdf/

potent, methane is short-lived.

assessment-report/ar5/wg1/WG1AR5_Chapter08_
FINAL.pdf)
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RENEWABLE ENERGY
IS READY
As renewable energy evolves, natural
gas-fired power generation increasingly
competes not only with coal, but with
renewable energy as well. If the abundance
of natural gas locks in natural gas power
capacity that renewable energy could
have filled, the net increase in GHG
emissions is vast. As the world looks for
ways to reverse emissions growth and
move as rapidly as possible towards zero
carbon, building new gas capacity where
zero-carbon technology is possible is a clear
disaster for our climate.
The idea that we need to increase gasfired generation now because renewable
energy is not yet ready is rapidly losing
what little validity it ever had. In many
parts of the Unites States and the world,
renewable energy is today the lowest cost
and lowest impact means to add generation
capacity to our electricity system.21 There
is nothing standing in the way of building
the renewable energy capacity we need
to sustain our electricity needs except the
entrenched interests of the natural gas
industry.
The past decade has seen an accelerating
transformation of the renewable energy
sector, and innovation and evolution
in the sector is far from over. In the
coming decade, we can only expect
greater economies of scale and more
transformational technology.

26 RENEWABLE ENERGY IS READY

The rapid growth in first wind, then solar,
and now efficiency and battery storage,
suggests an imminent transformation of our
energy landscape. There is now little doubt
that the future will be powered by clean
energy. We now need to accelerate the
transformation in line with our climate goals.
Solar: The U.S. solar energy sector grossed
over $22.6 billion in 2015, a 21 percent
increase over 2014, and 174 percent greater
than in 2011.22 This revenue growth is all
the more remarkable given that costs have
declined 80 percent since 2008.23 Installed
solar capacity totaled 27 GW in 2015, and
is expected to grow at least fourfold by
2022.24 Small-scale solar could attract
around $10 billion of investment per year
over the next 25 years in the U.S. alone.25
Globally, the amount of electricity produced
by solar power has doubled seven times
since 2000.26 As Tom Randall at Bloomberg
Business puts it, “(t)he reason solar-power
generation will increasingly dominate: It’s a
technology, not a fuel. As such, efficiency
increases and prices fall as time goes on.”27
Wind: U.S. wind enjoyed revenue growth
of 75 percent in 2015 despite tax structure
uncertainty that was finally resolved at
the end of the year. Costs have fallen 50
percent since 2009. 28 Onshore wind is at
cost parity with new-build gas in many
parts of the country and is set to reach cost
parity in all parts of the country by 2025.29

The CEO of wind generator giant Vestas
recently told investors in London that the
next wave of growth for the sector will be
in ‘repowering’ retiring equipment with
new more powerful and efficient turbines.30
This signals a maturing industry set to
increase market share through technology
improvements.
Efficiency and Flattening Demand:
Increasing energy efficiency is reducing
the demand for electricity in America.
Bloomberg New Energy Finance (BNEF)
recently reported that, “The past five
years in the US have seen a fundamental
decoupling between electricity demand, on
the one hand, and population and GDP, on
the other. Looking across the next 25 years,
we anticipate this trend to continue.” The
BNEF New Energy Outlook 2016 projects
that U.S. electricity demand will likely peak
in 2022, even with robust electric vehicle
growth providing one of the few remaining
drivers of power demand growth. This
means that new generation capacity will
in most cases replace retiring capacity,
providing an opportunity to dramatically
reduce emissions through switching from
coal and gas to renewable energy.
Storage and Batteries: The U.S. energy
storage sector grew tenfold in 2015,
generating over $730 million in revenues.31
All indications are that energy storage is
poised to change the energy sector forever.
Primarily driven by demand for electric
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vehicles, lithium-ion battery costs fell 65
percent from 2010 to 2015. 32 Further cost
declines and performance improvements
are widely expected, with some estimating a
further 60 percent cost decline by 2020.33
The next areas of market penetration
are likely to be utility-scale storage as
well as residential- and commercial-scale
applications for both supporting solar
generation and balancing demand from
the grid. Tesla’s PowerWall battery is
likely to be just one of many products on
the market designed for storing energy
for use in buildings by the early 2020s.
The company’s ‘Gigafactory’ is soon to
be followed by several others already
under construction in the U.S. and China.
According to Navigant Research, global
new installed energy storage systems
for renewable energy integration power
capacity is expected to grow from 196.2
MW in 2015 to 12.7 GW in 2025, a 65-fold
increase in ten years.34
BNEF projects exponential growth in
what it calls ‘behind-the-meter’ storage –
batteries supporting solar energy systems
and demand balancing in homes and
commercial buildings. Globally, this use of
batteries could grow from 400 megawatthours today to 760 gigawatt-hours by
2040.35
Clean Energy Jobs: The clean energy sector
is also breaking barriers when it comes to

Solar voltaic panels. ©Associated Press
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job creation. The International Renewable
Energy Agency reported that 2015 saw
clean energy jobs surpass oil and gas for
the first time. The global clean energy
workforce grew 5 percent in 2015 to reach
8.1 million workers, and is expected to triple
to 24 million by 2030.36

AVOIDING LOCK-IN
Looking ahead, it is increasingly clear that
renewable energy will be the least-cost
option for new generation capacity, with
costs continuing to decline while the cost of
gas-fired power increases. In other words,
expanding gas-fired power today threatens
to lock in an increasingly expensive source
of power when cheaper, cleaner renewable
energy will be available to meet our energy
needs. The latest data and projections from
BNEF illustrate this point.
According to BNEF’s New Energy Outlook
2016, wind and solar power are already
competitive with low-priced gas in certain
markets in the U.S., where both renewable
resources are abundant and state polices
are favorable.37
However, as we move into the next decade,
the unsubsidized cost of clean power across
the country will become cheaper than
new-build gas power, which requires new
capital, but it will not yet be cheaper than
the cost of existing gas-fired power plants
where capital has already been sunk.38 This
demonstrates the danger of locking in more
gas-fired power than is optimum in the
coming decade.
Existing power plants are in a position to
reduce their selling price to compete, even if
it means making a long-term loss on capital.
This is because once capital is sunk, it is
better to keep operating as long as revenue
covers operating costs. Any additional
revenue generated above operating cost
reduces the loss on capital. Therefore, new
utility-scale renewable energy projects
will face stiff competition from existing
gas-fired power plants until installation
capital costs become low enough that they
can undercut existing gas plants and still
provide a return on capital.
As natural gas prices are likely to rise over
time (gas being a finite resource), renewable
energy plants will eventually reach a point
when they will price out even existing
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plants. However, when it comes to meeting
climate goals, it is imperative to keep in
mind the urgency of the problem and the
danger of locking in polluting infrastructure
now.
As gas-fired power plants and pipelines
built today generally have a design life of
around forty years, gas infrastructure built
over the next decade could be operating in
the 2050s and beyond. It is imperative that
we avoid locking in emissions today that we
cannot afford to emit in the later part of the
infrastructure’s economic lifespan.

INTERMITTENCY, BASELOAD,
AND STORAGE ARE NOT
BARRIERS TO RENEWABLE
ENERGY GROWTH
Much is made by fossil fuel proponents
of the intermittency of wind and solar
and the need for some breakthrough in
energy storage before we can give up on
fossil fuels and substantially increase levels
of renewable energy generation. These
solutions are sometimes said to be decades
away. These arguments do not reflect either
the reality of renewable energy today or
where it is heading.
Wind and solar energy provided 6.2 percent
of total power generated in the U.S. in
the past year.39 All renewable generation,
including wind, solar, geothermal, biomass,
and hydro, hit close to 15 percent of
generation.40 A 2012 report by the National
Renewable Energy Laboratory that
extensively examined high-penetration
renewable energy scenarios for the U.S.
found that by better managing existing
dispatchable power and storage capacity,
the U.S. grid can handle as much as 50
percent wind and solar penetration and still
keep the grid balanced.41
Advances in grid management are reducing
intermittency issues associated with
increasing wind and solar penetration.
Wind and solar tend to have complimentary
cycles of power availability. Solar power
obviously tracks the sun in peaking around
the middle of the day. Offshore wind tends
to log higher generation during the day
as well, whereas onshore wind tends to
ramp up around dusk and peaks during
the night. Greater penetration of diverse
renewable energy technologies is a solution
to intermittency rather than a source of it.

One analyst explains this using the Law of
Large Numbers, in which a larger number of
variables –in this case weather and diurnal
dynamics at widely dispersed locations –
tend to result in less volatility across the
whole.42 Sophisticated algorithms, similar
to those used to manage online advertising,
are increasingly being used to predict
wind and solar dynamics and facilitate grid
management in areas of high renewable
energy penetration.43
The increasing ability to manage grid
dynamics with high renewable energy
penetration has also undermined another
standard talking point of fossil fuel
proponents: that renewable energy cannot
provide reliable baseload power, which can
only be supplied by fossil fuel and nuclear
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Solar voltaic panels. ©Associated Press
plants. Earlier this spring, top executives
at the world’s largest grid operator, China
State Grid Corp., told a stunned audience
of fossil fuel executives at an industry
conference in Houston that, “coalfired
generators could only serve as “reserve
power” to supplement renewables”, and
that “[t]he only hurdle to overcome is
‘mindset’. There’s no technical challenge
at all.”44
Evidence from China and Australia shows
that coal is indeed increasingly serving as
reserve power. Some coal plants in those
countries are running at barely 50 percent
utilization, and in some cases even less.45
Grid operators are increasingly using
thermal power plants, where operating
costs are relatively high due to fuel costs,

to supplement other sources rather than as
baseload. Sven Teske, an analyst with the
Institute for Sustainable Futures in Sydney
states that “[b]ase load is not a technical
concept, it is an economic concept and
a business concept of the coal industry
that is no longer feasible.”46 According
to Teske, the focus of grid operators will
move toward renewable energy, flexible
generation, demand management, and
energy efficiency.

utility-scale and ‘behind-the-meter’ storage
solutions are set to exponentially increase
their market penetration over the next
decade. The age of affordable power
storage is upon us.47
Essentially, the issue of how much
renewable energy can be absorbed into
the grid has been solved. It is now up to the
industry to invest in genuine clean energy
and for government to forge policies that
support the speediest transition possible.

These factors point to the ability of the
U.S. electricity system to absorb increasing
levels of renewable energy penetration
before a substantial increase in storage will
be needed. Nevertheless, the development
of affordable storage solutions is happening
at a rapid pace. As detailed above, both
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CONCLUSION AND
RECOMMENDATIONS
The development of new and expanded
gas pipelines out of the Appalachian Basin
could unlock significant new flows of
natural gas. These pipelines would drive
an increase in U.S. gas production that
would be incompatible with achieving
stated climate goals.
Enabling U.S. gas demand to follow the
current projection in the EIA Reference
Case (2016) would lead to emissions
from gas alone that would surpass the U.S.
emissions goal by 2040. In other words,
the current trajectory of gas production
and demand is out of sync with the nation’s
climate goals and must be constrained.
Data presented in this report shows that
the vast majority of projected gas
production growth would likely come from
the Appalachian Basin, but this can only
happen if the pipeline projects listed in
this report go ahead. That should not be
allowed to happen.
The surge in gas-fired power generation
that would accompany this production
growth is not an inevitable or needed
feature of our nation’s future power market.
Clean energy technologies are surging
ahead at this time and are projected to
become a leading source of energy in the
coming decade. Our electricity grid is set
to be transformed into a system based on
diverse and flexible generation sources,

storage solutions, and advanced grid
management. Total power demand is set
to decrease even as electric vehicles grow
to become a major new source of demand.
Now is the time to question the need and
impact of new fossil fuel infrastructure and
plan an energy future that is in sync with
climate science.
When President Obama made the historic
decision to deny the Presidential Permit for
the Keystone XL pipeline, he did so because,
in his words: “America is now a global leader
when it comes to taking serious action to
fight climate change. And frankly, approving
this project would have undercut that global
leadership. And that’s the biggest risk we
face – not acting.”48
Not acting to constrain gas production
and consumption to within science based
climate limits is a major risk we face.
This and future administrations have the
ability to apply the same standard to
gas infrastructure what was applied to
the Keystone XL pipeline. That means
applying a climate test to these proposed
gas pipelines and all proposed fossil fuel
infrastructure. A climate test would assess
the need for new fossil fuel infrastructure
against science-based climate goals.

pursuing a 1.5°C target cannot be met if
a business-as-usual policy continues to
permit an expansion of fossil fuel supply.
For this reason, every government agency
should apply a climate test if it is faced
with any decision that could increase fossil
fuel supply. FERC, which authorizes the
construction and expansion of interstate
natural gas pipelines, cannot be exempt
from this requirement.
Recommendations:
f All federal government agencies and

departments, including FERC, should
apply a climate test in the permitting
processes of all fossil fuel infrastructure,
including Programmatic Environmental
Impact Statements.
f No new natural gas pipeline projects

should be considered unless they
can pass a climate test. The climate
test should be applied to all currently
pending and future pipeline applications.
f The EIA should provide detailed

guidance in the form of alternative cases
in its Outlook reports for U.S. fossil
fuel supply and demand under various
climate goals, including the nation’s
long-term climate goal, a 2°C path, and
a 1.5°C path.

The challenge to meet the Paris
Agreement’s goals of keeping average
global warming well below 2°C and

Rig PA. ©Schmerling, FracTracker Alliance
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About This Report
Climate Change in Pennsylvania: Impacts and
Solutions for the Keystone State—a collaborative effort between the Union of Concerned
Scientists (UCS) and a group of independent
experts—applies state-of-the-art methodologies to analyze climate change-related
impacts on key sectors in the state of Pennsylvania. The assessment combines its analyses
with effective outreach to provide opinion
leaders, policy makers, and the public with the
best available scientific information upon
which to base choices about climate change
mitigation and adaptation.
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Executive Summary

G

lobal climate change is already making a
mark on Pennsylvania’s landscape, livelihoods, and traditions, and over the coming
decades impacts are expected to grow more
substantial. They may include longer and
more intense summer heat waves, reduced winter snowpack,
northward shifts in the ranges of valued plant and animal
species, and declining yields of key agricultural crops.
Some further climate change is unavoidable because of
human-caused emissions of heat-trapping gases such as carbon dioxide (CO2), which can persist in the atmosphere for
decades or centuries. But the magnitude of warming that
occurs during this century—and the extent to which Pennsylvanians will need to adapt—depend largely on energy
and land-use choices made within the next few years in the
state, the nation, and the world. The analyses presented in
this report project many striking differences in the scale of
climate change impacts, determined by whether the world
follows a higher- or lower-emissions pathway.
This report builds on analyses conducted under the
auspices of the Northeast Climate Impacts Assessment
(NECIA), a collaborative research effort involving more
than 50 independent experts. In 2006 and 2007, NECIA
released a set of reports that assessed how global warming
may further affect the climate of Northeast states, from
Pennsylvania to Maine. Using projections from three stateof-the-art global climate models, these reports compared
the types and magnitudes of climate changes and certain
associated impacts that resulted from two different scenarios
of future heat-trapping emissions. The first (the higheremissions scenario) is a future in which societies—individuals,
communities, businesses, states, and nations—allow emissions to continue growing rapidly; the second (the loweremissions scenario) is one in which societies choose to rely
less on fossil fuels and instead adopt more resource-efficient
technologies. These scenarios represent strikingly different
emissions choices that people may make.
As this report shows, in drawing both from NECIA and
new research, the stakes for Pennsylvania’s economy and
quality of life are great. If higher emissions prevail:
• Many Pennsylvanian cities can expect dramatic increases in
the numbers of summer days over 90°F, putting vulner-

able populations at greater risk of heat-related health effects and curtailing outdoor activity for many individuals.
• Heat could cause urban air quality to deteriorate substantially, exacerbating asthma and other respiratory diseases.
• Heat stress on dairy cattle may cause declines in milk
production.
• Yields of native Concord grapes, sweet corn, and favorite
apple varieties may decrease considerably as temperatures
rise and pest pressures grow more severe.
• Snowmobiling is expected to disappear from the state in
the next few decades as winter snow cover shrinks.
• Ski resorts could persist by greatly increasing their snowmaking, although this may not be an option past midcentury as winters become too warm for snow—natural
or human-made.
• Substantial changes in bird life are expected to include
loss of preferred habitat for many resident and migratory
species.
• Climate conditions suitable for prized hardwood tree
species such as black cherry, sugar maple, and American
beech are projected to decline or even vanish from
the state.
If Pennsylvania and the rest of the world take action to
dramatically reduce emissions consistent with or even below
the lower-emissions scenario described in this report, some
of the consequences noted above may be avoided—or at least
postponed until late century, thereby giving society time to
adapt. However, as many of the impacts are now unavoidable, some adaptation will be essential.
Pennsylvania—the U.S. state with the third-highest emissions from fossil fuels—has already shown its willingness to
act. It has reduced heat-trapping emissions by driving investment in energy efficiency, renewable energy technology, and
alternative transportation fuels; it has embraced wind power
and other clean energy options (not only for energy generation but also for economic development); and it has moved
to the forefront among “green power” purchasers.
But there are many more measures—based on proven
strategies and available policies—that the state and its local
governments, businesses, public institutions, and individual
households can apply to this challenge. They require only
the will to do so.
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Global Warming Impacts and Solutions
in the Keystone State
Impacts. Continuing changes in
temperature, rainfall, snow cover, and
other climate variables will affect the
state, from its farmland to its cities.

• Erie

Temperatures exceeding 90°F are
projected to become common by
mid-century, increasing human
health risks such as heat stress, heat exhaustion, and life-threatening heatstroke. Such
risks disproportionately affect those who
are poor, elderly, very young, suffering from
chronic diseases, or otherwise unable to
escape the heat.
Global warming could increase
the levels of airborne pollen and
lung-damaging air pollution. Poor
air quality increases the risk of respiratory
illnesses such as asthma, chronic bronchitis,
and emphysema. Higher temperatures can
prolong the pollen-allergy season while
elevated CO2 levels accelerate the productivity of key pollen-allergen sources.
Pennsylvania is the country’s fourthlargest producer of apples, grown
mostly in the southeastern part of
the state. By mid-century under the higheremissions scenario, only half the winters in
the southern part of the state would meet the
cold-temperature requirements of popular
varieties of apples, including McIntosh and
Granny Smith.
Pennsylvania’s Concord grape
industry, located near Lake Erie, is
a major source for the nation’s grape
juice makers. This native grape requires cold
winter temperatures for optimal flowering
and fruit production. Under the higheremissions scenario, warmer temperatures
could pose a substantial challenge to
Concord grape growers by mid-century.
Currently, summers in Pennsylvania
are ideal for growing sweet corn.
Under the higher-emissions scenario, many July and August days are projected
by mid-century to be substantially hotter
than today, thereby reducing the crop’s
yield and quality.

State College •

• Pittsburgh

Dairy farming is the most economically important agricultural
industry in Pennsylvania. Under the
higher-emissions scenario, dairy farmers face
substantial challenges later this century as
hot temperatures and heat stress depress milk
production.
Suitable forest habitat for maple,
black cherry, hemlock, and others is
expected to shift northward by as
much as 500 miles by late century under the
higher-emissions scenario. This will threaten
tourism as well as lucrative timber such as
world-renowned black cherry.

Warming climate and shifting distributions and quality of forest habitat is
expected to cause substantial changes
in bird life. As many as half of the 120 bird species modeled in Pennsylvania could see at least
25-percent reductions in their suitable habitat.
Species at greatest risk include the ruffed grouse,
white-throated sparrow, magnolia warbler, and
yellow-rumped warbler.
As global warming drives up air
temperatures and changes precipitation patterns, altered seasonal stream
flows, higher water temperatures, and diminished
shade along stream banks may follow. The native
brook trout and smallmouth bass are particularly
sensitive to such changes.
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The choices we make today will determine the climate that our
children and grandchildren inherit. This report portrays two
possible futures: a higher-emissions scenario, characterized by
continued heavy reliance on fossil fuels; and a lower-emissions
scenario, marked by a pronounced shift away from fossil fuels
toward greater reliance on clean energy technologies.

• Scranton

Solar energy could help to meet
electricity demand during heavyuse periods and is readily available
for deployment in homes and businesses.
Pennsylvania has more than five times the
solar energy potential of neighboring New
Jersey, yet only 1/40th as much installed
solar-electric capacity.
Energy efficiency in homes and
businesses—both new and old
—has large potential to reduce
emissions as well as energy costs. Pittsburgh
is already a national leader in green-building
technology, and many of the state’s academic
institutions are going green.
Reducing emissions from cars and
trucks, which account for 25 percent
of the Keystone State’s total emissions, requires: (1) better fuel economy; (2)
burning fuel with lower carbon content; and
(3) reducing vehicle miles traveled through
smarter development policies and improved
public transportation.
Existing coal-fired power stations
may substantially reduce their heattrapping emissions by replacing
some of the coal with biomass such as wood
chips or other wood waste. Trees and plants
absorb carbon as they grow, and during
burning they emit the same amount they
absorbed during their lifetimes.

Allentown •

• Harrisburg
•

Philadelphia

Under either emissions scenario,
the snow season is expected to retreat to the state’s highland regions
within just the next few decades. By late century, snow cover could be lost entirely in most
years. Both the ski and snowmobile industries
would be hard hit—snowmobiling harder at
first, because it relies heavily on natural snow
to cover the trails. Rising winter temperatures
are expected to eventually render snowmaking infeasible.



SOLUTIONS. Pennsylvania generates
1 percent of the world’s heat-trapping
emissions. Significant reductions in the
state are essential to achieving deep
reductions in CO2 levels nationally—
80 percent below 2000 levels by 2050,
as many scientists have called for.
Pennsylvania can meet this challenge
by reducing emissions in many areas.
Pennsylvania has abundant wind
resources. Some large-scale wind
installations are in place around the
state, especially in the northeast and southwest, but this renewable resource remains
largely untapped.

Carbon capture and storage, a
potential technique for capturing
emissions from coal-fired power
plants and storing them underground, has
not yet been proven viable. There may be
promising sites in many parts of the state,
however, for pilot projects.
A rapid transition to a clean energy
economy will not happen without
strong policies implemented at
the municipal, state, and federal levels. For
example, setting a price on carbon to help
drive the market for clean energy is critical.
A clean-energy economy will bring
strong investments and good jobs
to the state. This is already being
seen in the establishment of wind and solar
production plants, the growth in greenbuilding trades, and the emergence of associated maintenance and operations jobs 		
that cannot be done overseas.

Many of these symbols courtesy of the Integration and
Application Network (ian.umces.edu/symbols/), University
of Maryland Center for Environmental Science.
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c h a pt e r o n e

Introduction: Our Changing
Pennsylvania Climate

F

Background
rom colonial times to the founding of the
United States and its growth into a global
power, Pennsylvania’s people and resources
have played a leading role in shaping the
destiny of our country. Endowed with lush
forests, fertile soils, extensive coal seams, and navigable
rivers, the state created a thriving industrial economy
that helped spur the prosperity of a young nation. For
much of the past century, Pennsylvania has worked
successfully to diversify its economy as the Rust Belt
industries of coal, steel, and manufacturing waned.
Today the state owes at least as much to its service
industries (such as health care, trade, and tourism) and
modern manufacturing sectors (food processing and
pharmaceuticals, for example) as to its aging mines,
mills, and factories. Despite Pennsylvania’s efforts to
revitalize, however, many of its cities, towns, and rural
regions have not fully recovered from the decline of
traditional industries. Climate change will only add to
the state’s economic challenges while also dramatically
altering many aspects of its landscape, character, and
quality of life.
Pennsylvania’s climate has already begun changing
in noticeable ways. Over the past 100 years, annual
average temperatures have been rising across the state
and annual average rainfall has been steadily increasing in all but the central southern region. Winters have
warmed the most, and in many cities across Pennsylvania the numbers of extremely hot (over 90°F) summer
days have increased since the 1970s. Decreasing snow
cover, a statewide trend, has accelerated its decline in
the past few decades. And across the Northeast region
spring is arriving earlier, accompanied by changes in
the timing of leaf budding and insect migration. All of
these changes are consistent with the effects expected
from human-caused climate change.
The world’s leading climate scientists, working
through the Intergovernmental Panel on Climate
Change (IPCC), confirmed in February 2007 that it

is “unequivocal” that Earth’s climate is warming and
“very likely” (a greater than 90-percent certainty) that
heat-trapping gases from human activities have caused
most of the warming experienced during the past 50
years. This latest IPCC assessment corroborates the
previous conclusions of 11 national science academies, including that of the United States, that the
primary drivers of climate change are tropical deforestation and the burning of fossil fuels (such as coal and
oil)—activities that release carbon dioxide (CO2) and
other heat-trapping or “greenhouse” gases into the atmosphere. The resulting CO2 concentrations, now at
their highest levels in at least the past 800,000 years,2
are largely responsible for annual average temperature
increases over the last century of more than 0.5°F in
Pennsylvania3 and 1°F in the mid-Atlantic region.4
Pennsylvania, the sixth most populous state in the
nation, also boasts one of its largest rural populations.
The fortunes of rural areas, many of them dependent
on agriculture and forestry and even winter tourism,
are defined in many ways by the state’s climate. Traditionally, temperature and precipitation have joined
forces to turn Pennsylvania’s woodlands blazing redorange each fall, prompting residents and tourists
alike to dust off their deer rifles and tune up their
snowmobiles. In winter and spring, it is temperature
patterns that start the sap rising in the maples and
prompt the apple trees to break bud.
In large cities such as Philadelphia and Pittsburgh,
temperature has a direct effect on public health and
quality of life, especially in summer. Heat waves and
heat-amplified air pollution threaten the poor, the
ill, and the elderly and cause severe discomfort for all
residents.
As the state continues to warm, even more extensive climate-related changes are projected, with
the potential to transform aspects of Pennsylvania as
we know it. Some of these changes in the climate are
now unavoidable. For example, the degree of warming that can be expected over the next few decades—
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including another 2.5°F above historic levels across
the state—is unlikely to be significantly curbed by any
reductions in emissions of heat-trapping gases undertaken in Pennsylvania and the rest of the world during that period. These near-term climate changes have
already been set in motion by emissions over the past
few decades. Two factors explain the delayed response
of the climate: many heat-trapping gases can remain
in the atmosphere for tens or hundreds of years, and
the ocean warms more slowly than the air in response
to higher concentrations of such gases. Thus policy
makers and communities across Pennsylvania must
begin adapting to the unavoidable consequences of
this warming.
Toward mid-century and beyond, however, the
extent of further warming will be determined by actions taken to reduce emissions—starting now and
continuing over the next several decades. While such
actions in Pennsylvania alone will not stabilize the
climate, the state can nevertheless play a significant
role in responding to this global challenge. Pennsylvania contributes one percent of total global emissions
of carbon dioxide. Taken together, nine of the states
figure 1:

across the Northeast (from Pennsylvania to Maine)
were ranked as the world’s seventh-highest emitter of
CO2 in 2005—just behind India and Germany and
ahead of Canada;5 Pennsylvania accounted for the
lion’s share of these emissions. Indeed, of all U.S.
states, Pennsylvania is the third highest in emissions
from fossil-fuel sources, behind Texas and California.6
At the same time, Pennsylvania is also a leader in
science, technology, and finance and a historic innovator in public policy. The state is well positioned to
successfully reduce emissions and help drive the national and international progress that is essential to
avoiding the most severe impacts of climate change.
This chapter summarizes how Pennsylvania’s
twenty-first century climate is projected to change
under two different scenarios, or possible futures, of
continued human-caused emissions of heat-trapping
gases. Developed by the IPCC,7 these scenarios represent examples of higher and lower projections of
possible future emissions. These scenarios are used in
climate models to assess future changes (see box, “Assessing Future Climate Change in Pennsylvania”). It is
important to note these scenarios do not represent the
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If emissions of
heat-trapping gases
continue along the
path of the higheremissions scenario,
Pennsylvanians can
expect a dramatic
warming in average
summer temperatures. These “thermometers” show
projected increases
for three different
time periods: the
next several decades
(2010–2039), midcentury (2040–2069),
and late century
(2070–2099).
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Assessing Future Climate Change in Pennsylvania
figure 2:

25
CO2 Emissions (GT C)

In order to project changes in temperature and
other climate variables over the coming decades,
scientists must address two key uncertainties. The
first is directly related to human activity: how much
carbon dioxide (CO2) and other heat-trapping
emissions will our industrial and land-use activities
produce over the coming century? The second is
scientific in nature: how will the climate respond
to these emissions (e.g., how much will temperatures rise in response to a given increase in atmospheric CO2)?
To address the first uncertainty, the IPCC has
developed a set of possible futures, or scenarios,
that project global levels of emissions of heattrapping gases based on a wide range of development variables including population growth,
energy use, and other societal choices. 8 Analyses
in this report use the IPCC’s A1fi and B1 scenarios
to represent possible higher- and lower-emissions
choices, respectively, over the course of the century.
The higher-emissions scenario represents a world
with fossil fuel-intensive economic growth. Atmospheric CO2 concentrations reach 940 parts per
million (ppm) by 2100—more than triple preindustrial levels. The lower-emissions scenario
assumes a relatively rapid shift to less fossil fuelintensive industries and more resource-efficient
technologies. This causes CO2 emissions to peak
around mid-century, then decline to less than our
present-day emissions rates by the end of the
century. Atmospheric CO2 concentrations reach 550
ppm by 2100—about double pre-industrial levels.
To address the second uncertainty—how the
climate will respond to increasing emissions—and
estimate the range of potential changes in Pennsylvania’s climate, researchers used the IPCC’s higherand lower-emissions scenarios as input to three
state-of-the-art global climate models, each representing different climate “sensitivities.” (Climate
sensitivity, defined as the temperature change
resulting from a doubling of atmospheric CO2

20

IPCC Emissions Scenarios
Scenarios
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A2
B1
B2
IS92a

15
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Projected carbon emissions for the IPCC SRES scenarios. The higher-emissions scenario (A1fi) corresponds
to the dotted red line while the lower-emissions
scenario (B1) corresponds to the green line.

concentrations relative to pre-industrial times,
determines the extent to which temperatures will
rise under a given increase in atmospheric concentrations of heat-trapping gases. The greater the
climate sensitivity of the global climate model, the
greater the extent of projected climate change for
a given increase in CO2.) The three climate models
used to generate the projections described in this
study were the U.S. National Oceanic and Atmospheric Administration’s Geophysical Fluid Dynamics Laboratory (GFDL) CM2.1 model, the United
Kingdom Meteorological Office’s Hadley Centre
Climate Model version 3 (HadCM3), and the
National Center for Atmospheric Research’s Parallel
Climate Model (PCM).
The first two climate models have medium and
medium-high climate sensitivities, respectively,
while the third has low climate sensitivity. These
three are among the best of the latest generation
of climate models. Confidence in using these global
models to assess future climate is based on results
co n t i n u e d o n n e x t p a g e
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co n t i n u e d f r o m p r e v i ous p a g e

from a detailed analysis that indicates they are able
to reproduce not only key features of the regional
climate but also climate changes that have already
been observed across Pennsylvania over the last
100 years.
Uncertainties in climate modeling and the
workings of the earth-atmosphere system remain,
and several lines of evidence suggest that the
climate-model projections used in this assessment
may be relatively conservative. The models do not,
for instance, capture the rapid winter warming
observed in Pennsylvania over the past several
decades. Projections of sea-level rise discussed in
this report may also be quite conservative because
they do not account for the rapid rate of decay and
melting of the major polar ice sheets currently
being observed, nor for the potential for further
acceleration of this melting.
Many other changes in climate over short
timescales (on the order of 10 years or less) may not
be adequately resolved from these models. Climate
researchers use projections over spans of 30 years
or more to ensure they represent long-term averages and not short-term fluctuations in climate.

Some of the well-known short-term fluctuations
are due to changes in the strength of the El Niño
Southern Oscillation (or its counterpart La Niña)
and other patterns of variability in the ocean and
atmosphere.
Global climate models produce output in the
form of geographic grid-based projections of daily,
monthly, and annual temperatures, precipitation,
winds, cloud cover, humidity, and a host of other
climate variables. The grid cells range in size from
50 to 250 miles on a side. To transform these global
projections into “higher-resolution” regional
projections (which look at changes occurring across
tens of miles rather than hundreds), scientists used
well-established statistical and dynamical downscaling techniques. As with global climate models,
how well the downscaled models reproduce climate
over the past century allows scientists to determine
the performance of the models in projecting
future climate.
The results of the collaborative climate research
cited in this report were presented by the Northeast
Climate Impacts Assessment in a report titled
Climate Change in the U.S. Northeast and in the
underlying technical papers.9

NOTE: Throughout this report, except where otherwise noted, “historical” refers to the baseline period of 1961–1990; “over the
next several decades” is used to describe model results averaged over the period 2010–2039; “mid-century” and “late century” refer
to model results averaged over the periods 2040–2069 and 2070–2099, respectively.

full range of possible emissions futures. A number of
factors could drive global emissions even higher than
assumed in the higher-emissions scenario, while concerted efforts to reduce emissions could move them
well below the lower-emissions scenario.

Pennsylvania’s Climate
The Appalachian Mountains sweep diagonally across
the Commonwealth of Pennsylvania from southwest
to northeast, dividing it into distinct climatic regions.
To the northwest lies the Allegheny plateau, which endures more severe winters, higher snowfall, and more
frequent rainfall than other parts of the state. Precipitation from this area feeds the headwaters of four of
the state’s major rivers: the Susquehanna, the Delaware, the Allegheny, and the Monongahela. Central

Pennsylvania is a fertile landscape of valleys and ridges
that experiences greater extremes in temperature and
rainfall and contains many of the heaviest snowfall
areas; Somerset County tops the central districts in
snowfall, with well over seven feet a year. Southeast
Pennsylvania includes the Piedmont plateau and
the coastal plain of the Delaware River, which enjoy
a milder winter climate but endure longer and hotter summers than the rest of the state. Three of the
largest cities—Philadelphia, Pittsburgh, and Harrisburg—are all situated in the more moderate climate
regions of the state.

Temperature Projections
Over the last century the annual average temperature in Pennsylvania increased by over 0.5°F.10 During
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this coming century, temperatures across the state are
projected to continue rising at a much faster rate,
driven both by past and future emissions of heattrapping gases:
• Over the next several decades (2010–2039), annual average temperatures across Pennsylvania are
projected to increase by 2.5°F, under either emissions scenario. That average includes a slightly
greater increase in winter temperatures (just under
3°F) than in summer temperatures (around 2.5°F),
with smaller changes expected in spring and fall.
• By mid-century (2040–2069), differences between
the emissions pathways begin to appear. Under
the lower-emissions scenario, annual temperatures
in Pennsylvania warm by slightly less than 4°F,
while under the higher-emissions scenario they
warm by more than 5.5°F.
• By late this century (2070–2099), average winter
temperatures are projected to rise 8°F above historic levels, and summer temperatures to rise 11°F,
if heat-trapping emissions remain high; under a
lower-emissions future, the warming is projected
to be about half as much.

figure 3:

Migrating Climate and Heat Index
How hot or cold it feels depends not only on temperature but also on wind and humidity. As Pennsylvanians know all too well, a sunny winter day with no
wind might feel warmer than a damp and windy
spring day, while humid summer days can be stifling.
Thus heat index—defined as the temperature perceived by the human body based both on air temperature and humidity—can be a better measure of how
hot it may “feel.”
Future changes in the average summer heat index
could strongly affect quality of life for residents of
Pennsylvania. Under the higher-emissions scenario,
an average summer day in the region is projected to
feel 13°F warmer in eastern Pennsylvania and 15°F
warmer in western Pennsylvania by late century than
it has historically. The impact of changes in heat index
because of global warming can be illustrated by comparing future summers in Pennsylvania with current
summers to the south. For example:
• Mid-century summers in eastern Pennsylvania
under a lower-emissions future are projected to resemble those of the Washington, DC, region today,

Migrating Climates
Western Pennsylvania

1961–1990

1961–1990

2010–2039

2040–2069

Eastern Pennsylvania

2010–2039

2010–2039

2010–2039
2040–2069

2040–2069
2070–2099

2040–2069

2070–2099

2070–2099
2070–2099

Higher-Emissions Scenario

Higher-Emissions Scenario

Lower-Emissions Scenario

Lower-Emissions Scenario

Changes in average summer
“heat index”—a measure of
how hot it actually feels with
a given combination of
temperature and humidity—
could strongly affect quality
of life for residents of Pennsylvania in the future. Red
arrows track what summers
could feel like over the course
of the century in western and
eastern Pennsylvania under
the higher-emissions scenario. Yellow arrows track what
the summers could feel like
under the lower-emissions
scenario.
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figure 4:

Temperature to Rise across the State
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Pennsylvania locales are projected to experience striking
increases in the number of extremely hot days over the coming
century, especially under the higher-emissions scenario. The
most dramatic warming will be in the southwest and southeast
regions, where daytime temperatures by late century (2070–
2099) could hover over 90°F for nearly the entire summer.

and under a higher-emissions future those of
North Carolina.
By late century, eastern Pennsylvania summers
under the lower-emissions future may be closer
to those of present-day Virginia, and to southern
Georgia if the higher-emissions scenario prevails.
In western Pennsylvania, mid-century summers
under the lower-emissions scenario may resemble
those of southern Ohio today, and under a higheremissions future those of Kentucky.
By late century, western Pennsylvania summers
under lower emissions are projected to approximate those of Kentucky today; under higher emissions, they may resemble summers in Alabama.

Heat Waves and Temperature
Extremes
In addition to the rise in annual average temperatures,
extreme heat events (extended periods above 90°F) in
Pennsylvania are projected to increase in the future.
In Philadelphia and other urban areas throughout
the state, heat waves already generate headlines each
summer and raise public concern. In July 2008, for
example, 8 deaths were attributed to a four-day heat
wave in Philadelphia.
Currently, Philadelphia and Harrisburg experience
on average more than 20 days a year over 90°F, while
much of the rest of the state experiences less than two
weeks. However, under the higher-emissions future,
the number of extremely hot days across Pennsylvania
could dramatically increase over the coming century:
• In the next several decades, much of the state can
expect substantially more days over 90°F—in most
cases, at least a doubling.
• By mid-century, parts of southwestern and southeastern Pennsylvania could experience more than
50 days a year over 90°F.
• By late century, much of the southern half the
state is projected to endure more than 70 days a
year with temperatures higher than 90°F.
Snow Cover
Over the last century, the interior regions of Pennsylvania—including the Alleghenies, the Poconos,
and the Laurel Highlands—experienced a decline in
average seasonal snowfall.1 In some areas, the average amount of snow received has decreased by several
inches since the 1970s.12
Historically, these highland regions of Pennsylvania were snow-covered almost half the time during the
average winter. As temperatures rise, however, snow
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is projected to appear later in the winter, melt more
quickly, and disappear earlier in the spring, thereby
shortening the overall snow season (see Chapter Five).
• In the next several decades, under either emissions
scenario, the number of days of snow cover in
these areas of the state is projected to be halved.
• By mid-century, much of the snow cover in Pennsylvania is projected to have diminished markedly,
with regions currently covered with at least a dusting of snow shrinking by more than three-quarters.
• By late century, the characteristic snow season of
Pennsylvania is expected to have disappeared under a higher-emissions future and to have diminished from all but the highest areas under a loweremissions future.

Precipitation changes
Pennsylvania’s climate is becoming wetter. Over the
last century, annual precipitation in the state has
changed markedly, with increases of between 5 and
20 percent experienced in different regions.13 Since
1970 the winter, spring, and fall seasons in Pennsylvania have had distinctly more rain, while summers have
received slightly less rain.14 Annual average precipitation for the state rose from just under 38 inches in the
early part of the twentieth century to nearly 44 inches
by its end.15 Projections show this trend continuing
under both the higher- and lower-emissions futures
considered in this report. Over the next several decades
and through mid-century, precipitation is expected to
increase statewide by more than 5 percent above the
historical average and by late century by more than
12 percent under either scenario. Seasonal rainfall is
projected to increase both in the spring and fall.
These projected changes in precipitation could
enhance water supplies by increasing stream flow and
runoff into lakes and reservoirs as well as by boosting
the infiltration of surface water into aquifers. However, rising temperatures and changes in stream flow
patterns could lead to decreases in water supplies during the summer. Moreover, the timing of precipitation and the form it takes (i.e., snow or rain) strongly
influence how much of the total precipitation is actually stored in surface waters and reaches aquifers—
versus the amount that runs off, potentially creating
flood conditions. In winter and spring, for example,
more flooding can be expected simply because of
more precipitation.
For other parts of the Northeast region, projections show rainfall becoming more intense and periods
of heavy rainfall (defined as more than two inches in a

24-hour period) becoming more frequent. The models used in this study were inconclusive, however, as to
whether the increased precipitation that is projected
for Pennsylvania will come in heavier or more frequent downpours. Should the state follow the regional trend, extreme rainfall events would be expected to
produce more flash flooding, which threatens lives,
property, and water-supply infrastructure such as
dams. Shifts in the magnitude and timing of rain
events could burden communities with erosion, sewage
contamination, and other environmental problems.

Drought
The worst recorded drought in Pennsylvania history
was during the early 1960s, with the worst year on
record being 1964.16 In addition to its major impacts
on agriculture and natural ecosystems, this extended
drought greatly reduced water supply.
Drought can be described according to whether
there is a lack of rainfall, a lack of soil moisture, low
volume of groundwater, or low flow in streams. In this
analysis, drought is defined by decreases in soil moisture—from the combination of lower rainfall and
higher temperatures. Droughts are classified as shortterm (lasting one to three months), medium-term
(three to six months), or long-term (more than six
months). Historically, short-term droughts occur roughly once every three years over western Pennsylvania
and once every two years over eastern Pennsylvania.
Medium-term droughts are far less common in Pennsylvania; they have occurred once every 10 years in
western parts of the state and rarely in most eastern
areas. Long-term droughts have occurred on average
less than once every 30 years.
Rising summer temperatures, coupled with little
change in summer rainfall, are projected to increase
the frequency of short-term droughts. In the northcentral mountains and the Poconos, these droughts
are projected to occur annually by late century under
the higher-emissions scenario, with smaller changes
expected under the lower-emissions scenario. These
shifts would increase stress both on natural and managed systems across the state. Little or no change is
projected in short-term drought frequency in the
southwest and southeast portions of the state (see
Chapter Three).

11
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c h a pt e r t w o

Impacts on Cities and Towns

G

Background
lobal warming is expected to increase
the risks of many types of climaterelated illnesses and even death, especially in Pennsylvania’s urban areas.
In Philadelphia and other cities and
towns throughout the state, extreme heat and air pollution events already generate headlines each summer
and raise public concern. In its latest assessment, the
IPCC found that as the climate changes, urban areas
across North America are likely to suffer more severe
and longer heat waves, leading to more cases of heatrelated illness and death among the elderly and other
vulnerable populations. 17 The assessment also found
that global warming is likely to exacerbate lungdamaging air pollution from ground-level ozone and
also levels of airborne pollen.
Today’s emissions choices will help determine the
severity of these risks and also how tolerable the future
climate of Pennsylvania’s cities will be. If higher emissions prevail, for example:
• Rising temperatures in Pennsylvania’s cities could
make dangerously hot conditions a frequent occurrence.
• Air quality could deteriorate substantially in the absence of more stringent controls on local pollutants.
• Risks to vulnerable populations could greatly increase and the costs of coping could rise precipitously.
Climate change will also determine the future management challenges that Pennsylvania cities will face.
For instance:
• Increased rainfall amounts could drive greater failure of combined sewer systems, unless costly system overhauls are undertaken.18
• Accelerated sea-level rise could worsen Philadelphia’s water-supply problems by increasing salinity
in the Delaware River/Estuary system.19
The costs of adapting to such changes could be
enormous, particularly for cash-strapped communities.
Outbreaks of many infectious diseases may also be
affected by climate change. Proliferation of waterborne pathogens, for instance, is often linked with

extreme rainstorms, heavy runoff, and hotter temperatures. Also, the incidence of mosquito-borne diseases
such as West Nile virus varies with fluctuations in
weather; hotter, longer, and drier summers punctuated by heavy rainstorms may create favorable conditions for more frequent West Nile virus outbreaks.20

Rising temperatures in Pennsylvania’s
cities could make dangerously hot
conditions a frequent occurrence.
Extreme Heat
Talk of weather-related illness and death usually brings
to mind violent events such as hurricanes and tornadoes. Yet in most years, heat is the leading weatherrelated killer in the United States.21 Heat waves are
particularly dangerous in cities, both because of the
concentration of potentially vulnerable people (the
elderly, the poor, those in ill health, children) and the
“urban heat island effect” (whereby large expanses of
concrete, asphalt, and other heat-absorbing materials
cause air temperatures to rise considerably higher than
in surrounding fields, forests, and suburbs).
The threat from extreme heat is particularly severe
in historic cities such as Philadelphia, which hosts
some of the nation’s oldest housing stock and aging
infrastructure and where one in five people live below
the poverty level.22 Given factors such as these, Philadelphia was once known in some quarters as the
“Heat-Death Capital of the World.”23 But in 1995 the
city launched an extensive public health initiative to save lives during extreme heat, as described
below.24
Pennsylvania is projected to experience dramatic
increases over the coming century in the annual numbers of extremely hot days, especially under the higheremissions scenario.
• In the next few decades, many Pennsylvania
cities can expect substantial increases in the current number of days over 90°F—in most cases, a

13
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figure 5:

The Frequency of Extreme Heat: Selected Cities
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Under the higher-emissions scenario, the number of
days over 90°F in large Pennsylvania cities is projected
to increase in the coming decades until, by late century, some cities could experience nearly an entire
summer of such days. Under a lower-emissions future,
the number of these severe heat days would be
halved. Similarly, projections of days over 100°F
(shown in the inset boxes) show dramatic increases
in these dangerously hot conditions, with striking
differences between scenarios.
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doubling—suggesting that these cities should
identify and implement measures to cope with
increased heat.
• Cities such as Allentown, Scranton, and State College have historically averaged fewer than 10 days
a year over 90°F. By mid-century, under a higheremissions future, these towns may endure more
than 40 days over 90°F. By late in the century, this
number could rise to more than 65 days. It would
roughly be halved, however, under a lower-emissions future.
• By late century under the higher-emissions scenario, Philadelphia is projected to face more than
80 days over 90°F and nearly 25 days over 100°F.
• By late in the century under a higher-emissions
future, Pittsburgh and Harrisburg could each experience some 25 days over 100°F during the
summer, compared to the one or two such days
they typically experience at present. Under a loweremissions future, the number of days per year over
100°F would average roughly seven in total.
Direct human health risks from extreme and unrelenting heat come in the form of heat stress, heat exhaustion, and life-threatening heatstroke, which can
occur as the body tries unsuccessfully to cool itself.
Heat can also contribute to the premature death of

15

elderly and disabled people or of those who suffer
from heart disease or other chronic illnesses.
Cities and individuals can reduce their vulnerability to heat-related illness through public health education, heat-wave warning systems, building insulation,
air conditioning, and increased access to cool public
buildings.25 Philadelphia launched its public health
initiative—the Heat Health Watch Warning System26—after a heat wave in July 1993 that killed
more than 100 people. 27 This system combines heat
warnings with outreach programs directed at the
most vulnerable city dwellers. During a heat alert,
health department staff visit elderly residents in their
homes and reach out to the homeless, electric utilities are barred from shutting off services for nonpayment, and cool-off centers in public places extend
their hours.
Philadelphia’s experience can serve as a model for
other cities, in Pennsylvania and elsewhere, faced with
increasing numbers of extreme heat events. Such adaptation measures, however, cannot completely eliminate the threats posed by climate change, especially if
the higher-emissions scenario prevails. In July 2008,
for example, a four-day heat wave left eight people
dead in Philadelphia28 and subsequent storms caused
power outages in Pittsburgh and other state locales.29

Allergies
on the rise?
Pollen, carried by air
currents, coats the
surface of a canal.
Allergy-related
diseases, including
pollen allergies,
rank among the
most common and
costly of the chronic
illnesses afflicting
Americans. Higher
temperatures can
prolong the pollen
allergy season,
while elevated CO2
levels accelerate the
productivity of key
pollen-allergen
sources—including
ragweed and
loblolly pine.
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Adaptation measures such as retrofitting older
buildings with air conditioning are important steps
but not fail-safe. By late this century, the number of
days per year requiring air conditioning could double
under the lower-emissions scenario and triple under
the higher-emissions scenario. Because hotter temperatures will increase energy demand as the need for
air conditioning rises, they also increase the likelihood
of electricity blackouts. The subsequent energy cost of
cooling the buildings and the potential for increased
heat-trapping emissions from fossil fuel energy sources
can also carry a steep price, especially under the higheremissions scenario.

Air Quality
Air pollution from ground-level ozone and fine particulate matter—primary components of smog—is
already a serious concern across the region. Pennsylvania hosts parts of four of the nation’s 25 most ozonepolluted metropolitan areas.30 They include:
• New York City-Newark-Bridgeport (encompassing counties in Connecticut, New Jersey, New
York, and Pennsylvania)
• Philadelphia-Camden-Vineland (encompassing
counties in Delaware, Maryland, New Jersey, and
Pennsylvania)

Climate change will determine the
future management challenges that
Pennsylvania cities will face.
•
•

Pittsburgh-New Castle (Pennsylvania)
Youngstown-Warren-East Liverpool (encompassing counties in Ohio and Pennsylvania)
Poor air quality puts large numbers of Pennsylvanians at risk from respiratory illnesses such as asthma,
chronic bronchitis, and emphysema. More than a million people—one out of every nine adults in Pennsylvania—have been diagnosed with asthma at some
point in their lives.31 So have nearly 10 percent of
Pennsylvanian schoolchildren.32 In 2002 alone, more
than 21,000 people in the Commonwealth were hospitalized for asthma, at a cost exceeding $280 million.33
In the absence of more stringent air quality regulations, climate change could worsen air pollution in
Pennsylvania, particularly under the higher-emissions
scenario. Allentown, Philadelphia, Harrisburg, and
Lancaster are already among the top 15 on the Asth-

ma and Allergy Foundation of America’s (AAFA) 2008
list of “The Most Challenging Places to Live with
Asthma.”34 Deteriorating air quality would increase
the number of days each year when national ozone
standards were unmet and would exacerbate the risk
of attacks from asthma and other respiratory and cardiovascular ailments. For example, by late century:35
• In the Philadelphia metropolitan region, the number of days failing to meet the federal ozone standard is expected to at least quadruple under the
higher-emissions scenario if local vehicular and
industrial emissions of ozone-forming pollutants
are not reduced.
• Ozone concentrations in Philadelphia are projected to increase roughly 15 to 25 percent under the
higher-emissions scenario and 5 to 10 percent under the lower-emissions scenario.
Higher temperatures are also expected to increase
the dangers of allergy-related diseases, which rank
among the most common as well as the most costly
chronic illnesses affecting the U.S. population.36 Studies show that rising temperatures and shifting precipitation patterns are lengthening the allergy season and
changing how plants produce allergens.37 The CO2
that causes global warming is also accelerating the
growth of particular allergenic-pollen producers such
as ragweed, loblolly pines, and poison ivy. Ragweed,
for example, produces pollen at a younger age and in
greater quantities when CO2 levels are higher.38 The
plant already grows in the state’s heavily urbanized areas,
and its response to CO2 may be a harbinger of what
lies ahead for the allergy sufferers across Pennsylvania.
Urban CO2 levels across the Northeast are already
15 to 25 percent higher than those of rural areas.39
But within the next several decades under the higheremissions scenario, CO2 levels across the entire region
would rise to today’s urban levels. By late century,
CO2 levels in the region would climb to more than
double their present-day urban levels. In contrast, under a lower-emissions future, CO2 would not reach
present-day urban levels across the region until midcentury or later. In response, pollen production in
Pennsylvania’s urban centers would likely continue to
rise but at a gradually declining rate, eventually leveling off.
• As both temperatures and CO2 levels rise, increases would be expected across Pennsylvania not only
in the production of pollen grains but potentially in
the allergenic potency of individual pollen grains.
The AAFA list of “The Most Challenging Places
to Live with Spring Allergies” ranked Harrisburg,
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Philadelphia, and Scranton twentieth, twenty-fifth,
and twenty-seventh, respectively, among the top 100
U.S. Spring Allergy Capitals in 2008.40 Increased rates
of plant-based allergies may be in store for cities like
these as temperatures and CO2 levels rise.

Infrastructure
Public health and safety in Pennsylvania’s urban areas
is critically dependent on the adequacy of infrastructure such as roads, bridges, railways, buildings, communications systems, water and sewer systems, and
other utilities. Most of this infrastructure was built to
withstand various historic levels of threat from flooding, drought, storms, and other climate-related extremes. As the frequency or intensity of such events
changes, however, certain infrastructure may need
costly overhauls or upgrades to protect lives and livelihoods in vulnerable areas.
Sewage and storm water systems. More frequent failures of combined sewer systems (CSSs) in Pennsylvania’s cities, caused by greater numbers of rainfall
events, could create overflows of untreated sewage
that compromise water quality in receiving rivers and
streams.41 CSSs are designed to carry both storm water and sewage flows to treatment plants through the
same pipe system. Under dry weather conditions or
for smaller storms, the system’s capacity is usually sufficient. In larger storms, however, when the volume of
storm water and sewage exceeds the capacity of the
pipes or the treatment plant, the excess is discharged
untreated to surface waters, creating a combined sewer overflow (CSO).42
In many older cities such as Pittsburgh, CSOs occur frequently enough (dozens of times a year) to
cause regular water-quality violations in receiving
streams, particularly regarding bacteria.43 And increases in seasonal average rainfall, projected for winter,
spring, and fall in Pennsylvania, pose substantial risks
of increased CSOs to these cities. In general, more
precipitation in systems with currently inadequate capacity has the potential to result in:
• More frequent CSOs and associated water-quality
violations of bacteria standards for receiving
streams. This would result in higher health risks in
recreational waters.
• Increased volume of CSOs on an annual basis.
• Greater difficulty in meeting CSO control targets.
• A need to increase collector-system, storage, or
treatment-system capacity as weather patterns
change.

CSOs are most easily controlled in climates characterized by low-intensity storms that do not result
in large and rapid flows into the collection system.44
If Pennsylvania’s climate moves toward more frequent
and intense rainfall events, as is projected for the
climate of the Northeast region more broadly (see
Chapter One), additional municipalities could find
their combined sewer systems inadequate.
Many cities with combined sewer systems are already being forced to make enormous investments
(separation of storm and sewer pipes can cost, for example, $375,000 for just 600 meters of replaced pipe)
in CSO control programs.45 But assumed volume of
rainfall, frequency of rainfall, and runoff are typically
based on current climate conditions. If climate change
brings the projected increases in seasonal rainfall
amounts, to say nothing of increased storm frequency
and intensity, the upgrades being undertaken now
may not meet their targets in coming decades. This

Infrastructure inadequate in a warming world
Projected increases in rainfall may present major
challenges to Pennsylvania cities as municipal combined sewer systems—designed to carry both storm
water and sewage to treatment plants through the
same pipe system—more often fail during heavy
rainfall, causing overflows of untreated sewage that
foul water supplies. Such failures may become more
common and widespread as more rain falls each year.
Upgrades to these systems should account for such
projected increases.
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public and private forests. As rain falls on the forests,
some water evaporates or is taken up by plants, but a
significant amount percolates slowly through the soil
to replenish groundwater. Groundwater is slowly released to streams and rivers, providing critical flow
during dry weather. By protecting existing forests, reclaiming deforested areas, and planting vegetated buffers along streams and creeks, Pennsylvanians can help
to ensure clean and abundant water supplies.
Because the provision of high-quality and plentiful drinking water supplies is a critical priority for any
state facing an uncertain climate future, the protection of source waters will be a central focus for state
forest protection, watershed management, and storm
water management plans.47

could require a second round of major investments,
with significant additional costs to municipalities.
Water supply systems. Throughout Pennsylvania,
mountain streams, rivers, lakes, and reservoirs are
treasured for the recreational opportunities, habitat,
and drinking water supplies they offer. But these water resources, already threatened by development and
other human pressures (e.g., pollution from mining
operations) will be further stressed by climate change.
Projected increases in drought frequency would
threaten water quantity, while increases in storm intensity could threaten water quality. Communities can
begin to implement a wide range of measures to prepare for these changes, including water conservation
measures in response to drought.46
The most fundamental regulators of water quantity and quality in Pennsylvania are the state’s vast

Sea-Level Rise and the Delaware Estuary
When one thinks of Pennsylvania, the ocean
seldom comes to mind. Yet Pennsylvania’s one
connection to the sea, the Delaware Estuary, is one
of the state’s—and indeed, the nation’s—most
valuable economic and ecological resources.48 The
estuary is home to the largest freshwater port in
the world, the Delaware River Port Complex, which
includes docking facilities in Pennsylvania, New
Jersey, and Delaware49 that generate $19 billion
annually and receive 70 percent of the oil shipped
to the East Coast. The combined Delaware River/
Estuary system also provides drinking water to
15 million people (including millions of Pennsylvanians), supplies water for industrial processes,
and receives effluent from municipal and industrial wastewater treatment plants.50
Because fresh water from inland watersheds and
salt water from the Atlantic Ocean meet and mix
in the estuary, its chemistry and character will be
affected by climate-driven changes in upstream
precipitation as well as in sea-surface temperatures
and sea level. 51
Increasing global temperatures drive sea-level
rise by two different mechanisms: thermal expan-

figure 6: Projected Rise in Global Sea
Level Relative to 2005
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This graph depicts the average or mid-range of a
number of different sea-level rise (SLR) simulations:
a continuation of recent observed SLR rates (green
line), the mid-range of the most recent IPCC projections under the lower-emissions scenario (yellow
line), the mid-range of the recent IPCC projections
under the higher-emissions scenario (red line), and
the mid-range of a more recent set of projections
under the higher-emissions scenario (blue line).
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Smog blankets
Philadelphia
Residents of the country’s
tenth most ozone-polluted
metropolitan area are sadly
accustomed to smog—a potent
combination of ground-level
ozone and fine particulate
matter. Such conditions are
projected to become more
commonplace, particularly
under the higher-emissions
scenario, unless local vehicle
and industrial emissions of
ozone-forming pollutants 		
are greatly reduced.

sion of seawater as it warms and increasing inflow
of water from melting ice sheets and glaciers.
As the planet warms, the IPCC conservatively
projects that sea levels will rise between 7 and
14 inches worldwide under the lower-emissions
scenario and between 10 and 23 inches under the
higher-emissions scenario during the century
ahead. 52
Through its impact on the Delaware Estuary,
sea-level rise has the potential to affect the economy, infrastructure, and drinking water supply for
millions of people living in southeastern Pennsyvania. Power stations, wastewater treatment plants,
drinking water treatment plants, food and beverage
manufacturers, and oil refineries are just a few of
the facilities susceptible to changes in water
elevation and water quality in Pennsylvania.
As sea level rises and salt water reaches farther
inland, river salinity can change. The salinity level
is a defining characteristic of the Delaware Estuary,
as it regulates plant and animal distributions as
well as human uses of the estuary. The salt line—
technically 250 milligrams per liter (mg/L) chloride—is the boundary between high-salinity and

low-salinity waters, where fresh water that travels
down the Delaware River from as far away as New
York’s Catskill Mountains mixes with saline water
from Delaware Bay.53 Sea-level rise in the Delaware
Estuary may drive the salt line northward toward
Philadelphia.54
Pennsylvania’s drinking water and industrial
intakes along the Delaware River are dependent on
the low-salinity waters north of the salt line. Waters
south of the salt line are far too saline for drinking
water supply and industrial processes. But during
drought periods, the salt line moves north toward
Philadelphia, jeopardizing water quality for multiple
users. At the Philadelphia Water Department intake,
average chloride concentration is approximately
21 mg/L. Chloride concentrations above 50 mg/L—
possible as sea level rises—could cause health
problems for water users with high blood pressure,
those on dialysis, and those on restricted-sodium
diets. 55 Meeting such a threat may require costly
new approaches to water management. In the
interim, adaptation to unavoidable sea-level rise
could include improved monitoring of salinity
and other changes in the Delaware Estuary.56
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c h a pt e r T h r e e

Impacts on Agriculture

F

Background
rom the stone barns and rolling fields of
Lancaster County to the maple syrup and
Christmas tree farms of the Allegheny
Plateau to the vineyards that rim Lake
Erie’s shore, agriculture remains a scenic
centerpiece of Pennsylvania’s identity. Despite heavy
migration to urban areas over the past half century,
Pennsylvania retains one of the largest rural populations in the United States. Some 59,000 farms, many
of them small and family-run, nestle among the state’s
hills, forests, rivers, and burgeoning suburbs, maintaining an agricultural tradition that in many areas
goes back 200 years or more.57
Dairying is the top agricultural industry in the
state, with a 2002 commodity value of $1.4 billion.58
Major cash crops include mushrooms, vegetables,
grains (such as corn and soybeans), and fruits (including grapes and apples). Continuing changes in temperature, rainfall, severe weather events, and even the
atmospheric levels of CO2 will affect, both positively
and negatively, Pennsylvania’s crops and livestock as
well as the pests, pathogens, and weeds that threaten
them. The IPCC’s most recent assessment, for example, projects that “moderate climate change” will likely increase yields of crops such as corn and soybeans
by 5 to 20 percent over the next few decades, thanks
to warmer temperatures, a longer growing season, and
the “fertilizer effect” of higher levels of CO2.59
Other global warming impacts, however, may
outweigh such benefits. For example, as temperatures
increase, the state’s prized sweet-corn crop may face
reduced yields because of summer heat stress, increased infestations of corn earworms, and diseases
such as Stewart’s wilt. Hotter summers without an increase in summer rainfall could require that traditionally rain-fed crops be irrigated. High-value Concord
grapes and favorite apple varieties such as McIntosh
and Granny Smith may no longer experience the winter chilling required for optimal fruit production and
may also face increased pressures from pests such as
the grape berry moth. Without adequate coping mea-

sures, increasing summer heat stress on dairy cattle is
projected to bring declines in milk production.
Although farmers have often proven adaptable
to changing weather patterns and market demands,
they face greater uncertainty, risk, and expense as

Although farmers have often proven
adaptable to changing weather patterns
and market demands, they face greater
uncertainty, risk, and expense as the pace
and scope of climate change increase.
the pace and scope of climate change increase. The
economic pressures will be felt both by large operations and small family farms, often threatening traditional livelihoods and unique lifestyles such as those
of the Amish.
Shifts in the rural economy may also accelerate the
conversion of farmlands to suburbs, thereby reducing
valued open space and compromising historic landscapes and popular tourist attractions. Climate change
will change the character not only of farmed landscapes but also of Pennsylvania’s gardens, forests, and
other natural areas as the climate grows less suitable
for many common flowers, shrubs, and trees while
opening opportunities for species, both welcome and
unwelcome, from warmer regions. For example, the
treasured mountain laurel, Pennsylvania’s state flower
and the namesake of the state’s annual Laurel Festival
in ruggedly beautiful Tioga County, may eventually
withdraw northward into New York as the climate becomes unsuitable to its survival.60

Dairy
Climate change may negatively affect dairy farming—by far the most economically important agricultural industry in Pennsylvania—and other livestock
operations by raising the intensity and frequency of
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Added Pressure on the
Dairy Industry
figure 7:
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This map shows the degree to which milk production
in July is projected to decline by late century (2070–
2099) under the higher-emissions scenario. Pennsylvania’s key dairy-producing regions are projected to
experience heat conditions that could drive average
losses in milk production of 10 to 20 percent.

Higher temperatures depress
milk production
Dairy cows are being
sprayed to help keep
them cool. Under 		
the higher-emissions
scenario, dairy farmers face substantial
reductions in milk
production later this
century as very hot
days become more
commonplace.
Adaptation options
include the installation of cooling
systems in dairy
facilities.

summer heat stress. Although many factors, including
quality of feed and feed management, come into play,
extreme heat can depress dairy cows’ milk production
and birthing rates. The optimal temperature for milk
production ranges from 40°F to 75°F, depending on
the humidity (when humidity is high, heat stress can
occur at a lower temperature within that range).61
Despite the state’s historically moderate summers,
heat stress in cattle already costs Pennsylvania farmers
an estimated $50.8 million per year,62 and these losses
may rise along with summer temperatures.
• Without new investments in methods to cool cattle, increasing summer heat stress under the higher-emissions scenario is projected to depress milk
production in Pennsylvania at least 10 percent by
mid-century. Under the lower-emissions scenario,
this level of decline is not expected until late in
the century.
• By late in the century under the higher-emissions
scenario, milk production in parts of the state
could decline as much as 20 percent.63
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Grapes
A narrow 60-mile-long strip of land sandwiched between Lake Erie and the foot of the Allegheny Plateau
is known as the Concord Grape Belt, and its vineyards
have made Pennsylvania the third-largest producer of
this native American fruit.64 Most of the Concord
crop goes to Welch’s, a storied company that pioneered
the manufacture of nonalcoholic grape juice in 1869;65
Welch’s is now a subsidiary of the grower-owned cooperative—including growers in Pennsylvania—that
supplies its grapes. The state’s Concord grape industry
employs nearly 1,000 people and pumps $181 million a year into Erie County alone.66
Climate change may extend the frost-free period,
reducing the share of Concord grape harvests currently lost to frost. But warmer winters could be detrimental to the Concord grape, while making the
Concord Grape Belt increasingly suitable for European wine grapes. Concord grapes require a high number of chilling hours (that is, cumulative hours below
about 45°F) each winter, on the order of 1,800 hours,
for optimal flowering and fruit production.67 By contrast, European grapes typically require fewer than
500 hours.68
• By mid-century under the higher-emissions scenario,
the Concord Grape Belt may achieve the 1,800chilling-hour requirement in just one out of two
winters;69 under such conditions, reduced grape harvests would be expected half of the time.
• By mid-century under the lower-emissions scenario, the Concord Grape Belt would still achieve
1,800 chilling hours in four years out of five.70
• By late century, however, even under the loweremissions scenario, the region would meet this
high chilling threshold for Concord grapes in only
three out of five years.71
Thus, although the long-term outlook for the
Concord grape in Pennsylvania is questionable, following the lower-emissions pathway may keep the
industry viable for extra decades and allow more time
for growers to adapt. Adaptation in this case could
mean switching to new grape varieties; at least one
heat-tolerant juice-grape variety, Sunbelt, has properties similar to the crop currently grown in the Concord Grape Belt. Such measures come at a price, however. The cost to grape growers of replacing one grape
variety with another averages $2,500 per acre. Compounding these costs is the fact that new grape vines
do not reach full productivity until the fourth year,
yielding no crop or just a partial one during the first
three years.

23

Native grapes in a non-native climate
Pennsylvania’s thriving Concord grape industry—a major source
for the nation’s grape juice makers—employs nearly 1,000 people
in Erie County alone. This native grape requires sufficiently cold
winter temperatures for optimal flowering and fruit production.
Under the higher-emissions scenario, warmer temperatures could
pose a substantial challenge to Concord grape growers by midcentury.

For grape growers, a further complication of climate change is that warming is expected to bring increased damage from the grape berry moth,72 which is
already a significant pest in Pennsylvania vineyards.
Its larvae burrow into and feed on the grapes, ruining
some fruit directly and allowing bunch rot diseases
(causing extensive mold to form on grape clusters) to
take hold. Currently, the pest goes through two or
three generations a year, depending on the weather.73
Under the higher-emissions scenario, by late century
the Concord Grape Belt of northwestern Pennsylvania
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will average about one extra generation a year of the
grape berry moth,74 prolonging pressure from this
pest closer to harvest time. Most growers prefer not to
apply pesticides at this point in the grape-growing season;75 in the future, though, they face the risk of significantly increased damage to their crop. Under the
lower-emissions scenario, the region may experience
only slightly higher grape berry moth damage.
As Pennsylvania’s climate changes, another adaptation strategy for grape growers could be to switch
from juice to wine grapes—a potentially lucrative
move, but one accompanied by its own risks. Growers
may need, for instance, to substantially increase pest
management efforts. A broad transition to wine grapes
could also hail a shift in the culture and economy of
the northwestern part of the state.

Apples
Pennsylvania was the country’s fourth-largest producer of apples in 2006, with a crop worth nearly
$60 million76 cultivated mostly in the southeastern
region of the state. Like native grapes, certain popular
varieties of apples grown in Pennsylvania, such as McIntosh and Granny Smith, require relatively long periods (about 1,000 hours)77 of winter chill for optimal
fruit production. Indeed, most of the apple varieties
grown in the state require between 800 and 1,200
chilling hours.78
• Under the higher-emissions scenario, by mid-century the 1,000-chilling-hour requirement may be
met in 70 to 80 percent of winters79 in the southern portions of the state—but only in 50 to 60
percent of winters in the extreme southeastern region, which includes Adams County, the state’s
major apple-producing area.
• By late century under higher emissions, only the
most northern portions of Pennsylvania may be
able to count on 1,000 chilling hours each winter.80
• Under the lower-emissions scenario, adequate
chilling conditions may be retained statewide until late in the century.81
Pennsylvania orchards could adapt by switching
to other fruits or to apple varieties more tolerant of
warmer winters. If lower emissions prevail, farmers
would have more time to plan for the future and invest in new varieties when it is time to replace their
aging trees.
Corn
Corn is grown in every county in Pennsylvania, although production is highest in the southeastern and

Summer and sweet corn:
The perfect combination
Sweet corn, often grown on small farms and sold
fresh at roadside stands, is a favorite food of summer.
In states like Pennsylvania, summer climate conditions are ideal for sweet corn to pollinate, grow, and
develop its unique taste. Under the higher-emissions
scenario, many July and August days are projected by
mid-century to be substantially hotter than today,
thereby reducing the yield and quality of Pennsylvania sweet corn.

central regions. About two-thirds of the field-corn
crop is harvested for grain while the other third is
grown as forage for dairy and beef cattle.82 Sweet corn
is grown throughout the state, often on small family
farms and as part of diversified vegetable operations.
Both for field and sweet corn, pollination occurs during a roughly two-week window in August, depending on planting date and variety. Normal development
of kernels can be negatively affected by high temperatures and drought conditions. Temperatures above
90°F during this period reduce the viability of the pollen, resulting in poor ear fill, reduced yield, and lower
quality. High temperatures during the maturing of
the kernels, moreover, can reduce the eating quality of
sweet corn.
Currently, the number of days when the temperature exceeds 90°F in August ranges from 5 to 10 across
Pennsylvania. Projections of the number of such days
in various parts of the state provide a useful indicator
of how heat stress may affect future corn yields.
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Other crop Impacts
Milder winters and an extended growing season may
be a boon to growers of tomatoes, melons, and other
cold-sensitive produce crops. Yet many of these same
crops will face increasing summer heat stress, drought,
and threats from weeds and pests. Like sweet corn,
grain crops such as wheat and oats tend to have lower
yields in hot summers. Heat stress at certain periods
of their development can also reduce tomato yields
and fruit quality.85 Indeed, under the higher-emissions
scenario, most July days in Pennsylvania late this century are projected to exceed the heat-stress threshold
for the majority of crops currently grown in the state.86
Projections for an increase in spring rainfall may
delay planting, damage young crops, and exacerbate
soil erosion. On the other hand, more frequent
droughts during the growing season—projected un-

Short-term Drought
Short (1–3 month)

figure 8:

1961–90

In the next several decades, under the higher-emissions scenario, projected temperatures in August
show that 90°F may be exceeded on 10 to 20 days.
• By late in the century under the higher-emissions
scenario, most August (as well as July) days in
Pennsylvania are projected to exceed 90°F.
• By comparison, under the lower-emissions scenario the number of days with temperatures above
these thresholds would be halved.
Warmer winters are projected to increase infestations of marginally overwintering insect pests such as
corn earworms and the flea beetles that carry Stewart’s
wilt, a bacterial disease that can ruin corn crops.83
Southern Pennsylvania cornfields already experience
moderate to severe flea beetle outbreaks in a typical year.
• By mid-century under both emissions scenarios,
most of Pennsylvania’s cornfields could experience
consistent pressure from flea beetle/Stewart’s wilt
outbreaks.
Corn earworms overwinter in regions to the south
of Pennsylvania, where the soil does not freeze, and
they move into the state in spring. Milder winters
could permit higher rates of survival in nearby areas,
allowing larger populations of earworms to reach the
state’s cornfields earlier in the season—a process that
may already be under way, given the high pest levels
experienced in 2007. Corn earworms infest all types
of corn, but they are of more concern to sweet-corn
growers because of consumer demand for insect-free
produce. If corn earworms continue to arrive earlier
and at densities at or above those experienced in 2007,
Pennsylvania sweet-corn fields may require major
increases of insecticide spraying.84
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der the higher-emissions scenario—could make irrigation essential for currently rain-fed high-value crops.
Although milder winters may be a boon to some
crops, they are expected to have negative effects on
maple syrup production. Warmer temperatures shorten the tapping season and diminish the quantity and
quality of sap flow—indeed, per-tree production is
already declining in the Northeast.87 In addition, climate change will make current sugar maple habitat in
the state less suitable, especially under the higheremissions scenario88 (see also Chapter Four).
Warmer temperatures may affect the profitability
of the state’s mushroom industry. Pennsylvania is the
country’s largest mushroom-producing state, harvesting one-third of the fresh mushrooms and two-thirds
of those that are processed.89 Mushrooms are also the
largest cash crop in the state,90 with a sales value
approaching $400 million;91 some 80 percent of
Pennsylvania’s mushroom farms are located in its
southeastern corner, Chester County.92 The crop is
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•

Keeping mushrooms cool
Pennsylvania produces one-third of the nation’s fresh mushrooms
and two-thirds of its processed mushrooms. Because mushrooms
require a narrow range of cool temperatures, they are grown indoors under climate-controlled conditions. While warmer winters
should mean lower heating bills for such “mushroom houses,” the
costs of maintaining the cooling required in summer—a substantial
industry expense—could increase greatly in coming decades as
summer temperatures rise.

cultivated indoors in cool climate-controlled “mushroom houses” because temperatures must be strictly
regulated in the final growth stage. Warmer winters
should mean lower heating costs for such facilities.
However, the costs of maintaining cool conditions in
summer—a substantial industry expense—could increase greatly in coming decades.
• By late century under the higher-emissions scenario, cooling degree-days (a measure of the length
of time at temperatures over 65°F) in the state
may more than double, requiring a substantial increase in electricity used for cooling mushrooms.
• Under the lower-emissions scenario, cooling degree-days increase by less than half that amount.
Finally, as noted above, pest problems and also
weed damage are expected to escalate with warmer
temperatures, which would increase pressures on
farmers to use more pesticides and herbicides. One
particular concern is that milder winters may allow
the northward spread of invasive weeds such as kudzu,93 a highly aggressive vine that currently infests 2.5
million acres of cropland, fields, and forests in the
American South. Kudzu has already made some inroads into Pennsylvania.

Projections show that by mid-century under either emissions scenario, suitable habitat for kudzu
and other aggressive weeds could extend throughout Pennsylvania.

Pennsylvania Farming Traditions
Pennsylvania’s 59,000 farms average 131 acres in size,
making it a region dominated by relatively small and
often family-owned farms. Many have been carefully
cultivated for more than 200 years, with limited soil
degradation and depletion. By far the most productive agricultural region is the southeast—led by Lancaster County, home to the world’s second-largest
Amish settlement. Climate change may add to the
pressures on the traditional lifestyle of the Amish as
well as other small farm owners throughout the state.
The Amish, who began migrating to Pennsylvania
in the 1700s, form an integral part of the state’s cultural heritage and contemporary tourism industry.
Over the past few decades, Amish communities have
become less dependent on agriculture as their main
livelihood, adopting other means of support such as
carpentry and handicrafts. Nevertheless, the family
farm (typically three to five acres) plays an integral
role in feeding families, teaching youngsters, and
passing on Amish culture, which stresses traditional

A longer growing season comes with a price
Milder winters and an extended growing season may
benefit the cultivation of tomatoes and other coldsensitive produce. However, crops would face increasing
summer heat stress, drought, and threats from weeds
and pests. As problems from weeds and pests escalate,
farmers such as this grape grower may feel pressure
to use more herbicides and pesticides—measures that
are not only costly but also pose risks to human and
environmental health.
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Pennsylvania farmers face increasing uncertainty and risk
The richness and scenic beauty of Pennsylvania’s agricultural countryside define the state’s character as much
as its urban skylines. Although farmers have often proven adaptable to changing weather patterns and market
demands, they face greater uncertainty, risk, and expense as the pace and scope of climate change increase.

practices such as horse-drawn plowing that are not
dependent on fossil fuels.
Lancaster County is the object of strong land-use
demands, particularly from encroaching urban sprawl
of the Philadelphia metropolitan area. These development pressures, in combination with the projected

climate change impacts on agriculture—from heat
stress in dairy cows to increased pest pressure—could
pose significant challenges to Amish communities
attempting to sustain their traditional practices in
Pennsylvania.
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c h a pt e r Fou r

Impacts on Forests

P

Background
ennsylvania acquired its name—Latin for
“Penn’s woods”—in the seventeenth century from its seemingly endless expanse of
ancient beech, hemlock, oak, and maple
forests. These forests, remaining vital to
the state’s economy and identity over the centuries,
have made Pennsylvania the country’s number-one
producer of hardwoods, supported the nation’s thirdlargest state park system, sustained the largest freeroaming elk herd in the East, and supplied residents
and tourists alike with myriad opportunities for hiking, fishing, birding, biking, hunting, and other outdoor pursuits.
Rampant timber harvesting had reduced forest
coverage to its lowest point—30 percent of the landscape—by the early 1900s, but Pennsylvania’s forests
have been expanding ever since; today, nearly 60 percent of the state is forested.94 Pennsylvania’s varied terrain and its position at a latitude where northern and
southern species mingle allow it to support more than
100 native tree species. Most prevalent among them
are the hardwoods such as red maple, black cherry, red
oak, and sugar maple—which supply 90 percent of
the state’s sawtimber—and softwoods such as eastern
hemlock, white pine, and red pine.95
The forest-products industry generates revenues
of more than $5.5 billion annually and employs
90,000 workers in more than 3,000 businesses from
sawmills to paper plants to furniture-manufacturing
enterprises.96 But the character of Pennsylvania’s forests and their contribution to its economy are poised
to undergo major changes in this century, depending
on our emissions choices. One of the most iconic and
economically important tree species at risk, particularly under higher emissions, is the prized black cherry, which supports a thriving timber and veneer industry that supplies materials to fine furniture,
flooring, cabinetry, and wall paneling manufacturers
throughout the state.
Climate plays a major role in determining suitable
habitat for trees, as well as for other plants and wild-

life. As the climate warms, the areas that best meet
each species’ requirements will shift northward by as
much as hundreds of miles. But because long-lived
trees may persist for many decades in declining condi-

One of the most iconic and
economically important tree species
at risk, particularly under higher
emissions, is the prized black cherry,
which supports a thriving timber
and veneer industry.
tions, it remains highly uncertain what Pennsylvania’s
forests will look like by late century.
Pennsylvania’s silviculture (tree-growing) industry
may face major risks and long-term management
challenges, particularly under the higher-emissions
scenario, as it attempts to adapt to the eventual decline of habitat for economically important trees such
as black cherry. Park and wildlife managers could also
face changes in recreational opportunities and the loss
of critical wildlife habitats, including those of prized
bird species such as the ruffed grouse.

Trees
The character and appearance of Pennsylvania’s forests
may change dramatically over the coming century as
the centers of suitable habitat for many now-prevalent
tree species—including those of the maple, beech,
and birch hardwoods that generate the state’s brilliant
fall foliage—shift northward. Projections show that
habitat across the U.S. Northeast may shift as much as
500 miles north by late century under the higheremissions scenario and up to 350 miles north under
the lower-emissions scenario.97 Species such as maple
and cherry, which are currently abundant and help to
define the northern hardwood forest types in Pennsylvania, are those projected to show the greatest changes
in habitat suitability.98 Even as the optimal climate
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Changing Forest Habitat:
Black Cherry Trees
figure 9:

Current

Lower Emissions 2070–99
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The Pennsylvania
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Warming may threaten Pennsylvania’s black cherry—a timber
valued by the state’s highly skilled furniture makers—by reducing
its suitable habitat across the state. If we follow the lower-emissions
scenario, loss of suitable black cherry habitat would be limited to
just over half the current area by the end of this century, compared
with a loss of over 80 percent if we follow a higher-emissions
pathway. (Note: areas without data are shown as gray on the map.)

zones shift northward, many species may be able to
persist in the state throughout the century.99 But others may decline noticeably in number and importance
as they succumb to climate stress, increased competition, and other pressures.100
• In the Pennsylvania Wilds vacation region—a 12county area of rugged, rural, and relatively undeveloped terrain in north-central Pennsylvania’s Big
Woods—habitat suitability for signature species
such as black cherry, sugar maple, and American
beech is projected to decrease this century.101
• If the higher-emissions scenario prevails, climate
conditions suitable to key fall foliage species are
expected to disappear from the state entirely by
late century. Habitat losses are expected even under the lower-emissions scenario, although they are
expected to be less rapid and extensive.102
Other factors besides climate that may influence
the nature and pace of future tree distributions include pests and pathogens (e.g., gypsy moth, emerald
ash borer, sudden oak death), changes in soil chemistry, changes in disturbance events such as fire, and
invasive tree, shrub, and insect species. A number of observed trends, including the northward expansion of invasive pests, can be enhanced by rising temperatures.
Some common hardwoods, such as white oak and
to a lesser extent black oak and black gum, are expected to gain suitable habitat in Pennsylvania as the
climate warms.103 How quickly such species might
expand their ranges in the state is unpredictable, however. Oaks in particular have proven difficult to regenerate, even in good habitat, and forest managers may
face challenges facilitating their migration under new
growing conditions.104
Habitat declines and other pressures are also expected for some of the state’s major softwood species:
• Warming may threaten stands of hemlock (the
state tree) by reducing suitable habitat for these
trees.105 Under the higher-emissions scenario, hemlock is projected to lose two-thirds of its current
suitable habitat, while under the lower-emissions
scenario it could lose less than half.
• The hemlock is already under pressure from a fatal
pest known as the hemlock woolly adelgid, which
under either emissions scenario is projected to
continue its northward expansion throughout Pennsylvania and reach well into New England.106

Birds
Pennsylvania is home to hundreds of species of breeding birds and an important stop for waterfowl and
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other migratory birds along the Atlantic Flyway. But a
warming climate, as well as shifting distributions and
quality of forests and other natural habitats, are expected to drive substantial changes in bird life—from
the woods warbler species popular with bird-watchers
to prized game species such as the ruffed grouse
(Pennsylvania’s state bird)—during the twenty-first
century. The greatest changes are projected under the
higher-emissions scenario, including habitat declines
of many songbirds, such as the American goldfinch
and the song sparrow.107

The forested northern portions of
Pennsylvania could experience some
of the greatest losses in suitable
bird habitat across the northeastern
United States.
•

•

•

•

The forested northern portion of Pennsylvania
could experience some of the greatest losses in
suitable bird habitat across the northeastern
United States.
As many as half of the 120 bird species modeled in
Pennsylvania could see at least 25-percent reductions in their suitable habitat because of changes
in climate and vegetation this century, with the
greatest potential losses occurring in habitat for
migratory birds.
Species at the greatest risk from changing climate
and loss of their preferred habitat in Pennsylvania
include the ruffed grouse, white-throated sparrow,
magnolia warbler, and yellow-rumped warbler.
As abundance of these familiar bird species declines, new species are expected to extend their
ranges into Pennsylvania.

Industries and Livelihoods
Pennsylvania produces more than 1 billion board feet
of hardwood lumber108 each year, about 10 percent of
the nation’s total hardwood output.109 Roughly 1.2 million acres of the state’s 16.1 million acres of timberland is black cherry,110 yielding some 127 million
board feet of black cherry annually.111 The value of
black cherry shipments to sawmills in 2006 came to
more than $200 million. Logging provided an estimated 750 jobs in the state in 2004, with black
cherry logging accounting for almost 130 of them. In

Wildlife habitat on shifting ground
Pennsylvania is home to hundreds of species of breeding birds
and an important stop for waterfowl and other migratory birds
along the Atlantic Flyway. As changes in temperature combine
with urban sprawl and other land-use pressures, ecological links
begin to break, triggering impacts that are difficult to predict.
What is clear, however, is that the greatest losses in species habitat are projected under the higher-emissions scenario; songbirds such as the white-throated sparrow (top) and American
goldfinch (middle) and prized game species such as the ruffed
grouse (bottom) are among those birds especially at risk.
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addition, nearly 700 of the 4,000 sawmill jobs in the
state can be attributed to black cherry processing.
Pennsylvania forests are home to 43 percent of the
black cherry growing stock on U.S. timberlands.112Thus
the health of companies throughout North America
that use black cherry wood, such as cabinet and furniture manufacturers, is linked to the fate of the state’s
hardwood forests. This small but important sector of
the timber industry is particularly vulnerable to climate change, especially under the higher-emissions
scenario.
• Under higher emissions, suitable habitat for the
black cherry tree is expected to disappear from the
state altogether by late century.113
• Some habitat shrinkage is projected even under
the lower-emissions scenario, though black cherry
is expected to remain relatively abundant.114
Declines in black cherry habitat would greatly
exacerbate stresses on forest-based industries such as
timber harvesting, processing, and manufacturing

that are key to the economy of the northwestern part
of the state. Communities that have traditionally relied on black cherry—e.g., for employment and tax
revenue—are staking their economic health on an
increasingly vulnerable resource. Following a loweremissions pathway could help maintain the viability
not only of the black cherry industry but also the
manufacturing businesses that depend on it.
If oaks and other hardwood species proliferate
as black cherry declines, harvest of some of these
lower-valued species may replace a portion of the diminished revenues, but not all. For example, today
northern red oak sells for an average of $295 per thousand board feet in Pennsylvania while black cherry
averages $1,064 per thousand board feet. Based on
these current values, replacing the black cherry harvest
losses expected under the higher-emissions scenario
with northern red oak would result in major declines
in annual timber industry revenue.

Changes in the land
The state’s deep and productive forests define Pennsylvania for residents and tourists alike—hunters, fishers, hikers,
bird-watchers, and leaf-peepers. But under the higher-emissions scenario, suitable habitat for sugar maple,
beech, and birch trees—responsible for the state’s brilliant fall foliage—could disappear entirely by late century.
As climate conditions continue to shift in the state, these hardwoods could become more susceptible to direct
climate stress, pests, disease, and increased competition from more suitable species.
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Pennsylvania Fisheries: Sensitive to Warmer Waters
As climate change drives up air temperatures,
average water temperatures in Pennsylvania’s lakes
and streams will also rise. Two popular species of
resident sport fish—trout and smallmouth bass—
are particularly sensitive to such temperature
changes.
Native brook trout (the state fish), as well as
introduced brown and rainbow trout, are coldwater
species that are actively managed by the Pennsylvania Fish and Boat Commission in 14,000 miles of
streams. Trout are especially sensitive to water temperature and stream flow changes during reproduction and early life stages (egg to fry survival). Adult
brook trout, for example, live in a narrow temperature range (32–75°F), and spawning and embryo
survival require water temperatures below about
50°F. Thus projected warming in many areas of the
state may not only compromise spawning or embryo
survival in fall and spring but also be lethal to adult
trout during summer. This trend could be exacerbated by a decline in tree species, such as hemlock,
that often line the banks of streams, shading and
cooling them.
Smallmouth bass, native to the Great Lakes and
Pennsylvania’s western rivers, are now common
throughout most of the state’s larger cool-water
streams. The Susquehanna River is widely recognized by recreational anglers as one of the best bass
fisheries in the northeastern United States. But because water temperature is considered the factor
most critical to the range of smallmouth bass,

Anglers’ favorite species at risk
With more than 14,000 miles of streams, Pennsylvania
boasts some of the best fishing spots in the Northeast. But the survival of cold-water species such as
native brook trout—the state fish—and brown and
rainbow trout is threatened. Projected climate changes
could alter seasonal stream flow, raise water temperatures, and diminish shade along stream banks.

rising temperatures can be expected to alter its
distribution in the Susquehanna and similar habitats. Moreover, changes in the frequency, duration,
and magnitude of spring floods can affect the
spawning success of the species; flow changes
in the state’s rivers can also increase summer
water temperatures and reduce oxygen concentrations, creating conditions inhospitable to smallmouth bass.
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c h a pt e r F i v e

Impacts on Winter Recreation

M
Background

illions of residents and tourists
alike head for the woods and
hills of Pennsylvania each winter, lured by more than 30 ski
areas, 3,000-plus miles of public
115
snowmobile trails, and frozen lakes that offer skating, ice fishing, and ice boating. Winter recreation in
the Commonwealth, from sledding in the city parks
of Pittsburgh to riding horse-drawn sleighs through
the frosty woods of the Poconos, traditionally revolves
around snow. However, the face of winter in Pennsylvania is expected to change rapidly and profoundly
this century as winter temperatures continue to rise.
Climate change is projected, both under lowerand higher-emissions scenarios, to cause a dramatic
decline in the average number of snow-covered116
winter days across Pennsylvania (see Chapter One).
Under either emissions scenario, the snow season
in the state is expected to retreat to the highland regions within just the next few decades. By late century
it could be lost entirely in most years. If lower emissions prevail, parts of the state may preserve a modest
snow season throughout this century, but projections still show a rapid decline in all but the highestelevation areas.
Hardest hit would be the snowmobile industry,
which pumps an estimated $160 million into the
Pennsylvania economy each winter.117 It is projected
to all but disappear by mid-century under either of
our two emissions pathways. The state’s snowmobile
season has already shrunk in recent years to less than a
month in many areas.
Skiing and snowboarding are better positioned than
snowmobiling to adapt because resorts do not have to
rely solely on natural snow. Pennsylvania’s ski areas may
have to depend more heavily on snowmaking in the
coming decades. Under the higher-emissions scenario,
even this may not be an option by mid-century as
temperatures grow too warm for snowmaking. Under
the lower-emissions scenario, these changes may come
more slowly and not be realized until late century.

The heavy costs to winter recreation industries
could reverberate through tourism and other sectors
of the economy statewide. Loss of other treasured
winter pastimes, from snowshoeing and cross-country
skiing to tubing and sledding, may have less impact
on the economy than on the state’s quality of life during wet but increasingly snowless winters.
Although these projections for winter may seem
extreme, they are in fact likely to be conservative because the climate models used in this analysis have
consistently underestimated the rapid winter warming
and snowpack decline observed in recent decades.

Snowmobiling
Snowmobiling is the most vulnerable of the region’s
economically important winter-recreation activities
because it requires too large an area to rely on machinemade snow. Within the next several decades, snowmobiling opportunities are projected under both of
figure 10:

Snowmobiling Disappears?

Historic Area (1961–1990)

Historic
Area
(1961–1990)
Next
Several
Decades
2010–2039
Next Several Decades (2010–2039)

The red borders on this map delineate the main regions in the
state that historically are covered with six inches of snow for at
least 15 days each winter. The white areas show projections for 		
this same level of snow cover during the next several decades.
Pennsylvania may lose its snowmobiling season by midcentury under either emissions scenario.
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Figure 11: Driving

Distances to Major Ski Resorts

Today

2070–2099
(under the higheremissions scenario)

Philadelphia

80 miles (Blue Mountain, PA)

290 miles (Mt. Snow, VT)

Pittsburgh

60 miles (Seven Springs, PA)

500 miles
(Gore Mountain, NY)

Starting
Location

the emissions scenarios to become virtually nonexistent in Pennsylvania. The state has 45,000 registered
snowmobiles and three distinct regions for snowmobiling: north-central, south-central, and eastern
(which includes the Poconos).118
• The north-central region (designated the Pennsylvania Wilds) currently averages 18 days with
snowmobiling conditions (at least six inches of
snow on the ground) each winter.119 In the short

term (2010–2039) under either scenario, these
days may be cut to an average of nine days. Midcentury projections (2040–2069) show the season
holding at around nine days under the loweremissions scenario but a complete disappearance
of the snowmobile season in the case of higher
emissions.
• In south-central Pennsylvania, which already has
marginal natural snow and typically just a handful
of days with sufficient snowmobiling conditions,
this activity is projected to essentially disappear by
the middle of the century under either scenario.120
• Similarly, in the Poconos and nearby mountains,
the snowmobiling season under either scenario may
be reduced from its more than one-month historical average to a week or less by mid-century.121
The average snowmobile-owning household spends
$4,400 annually while snowmobiling in Pennsylvania,

The trails less traveled
When winter conditions are right, snowmobiles—some 45,000 are registered in Pennsylvania—traverse the state’s 3,000
miles of public trails. The snow season across the Northeast has already begun to decline in recent years as winters have
warmed. Within the next several decades, snowmobiling opportunities are projected to become virtually nonexistent in
Pennsylvania under either emissions scenario, as natural snow cover dramatically declines.
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and another $750 on snowmobile equipment.122 With
45,000 registered snowmobiles in the state, resident
snowmobilers alone spend about $93 million each
year, spread across a variety of sectors in the Pennsylvania economy. However, as good conditions become
extremely rare, snowmobiling enthusiasts may become
less inclined to plan for and invest in the activity.
Other recreational activities will likely rise in popularity as snowmobiling opportunities decline. Some
snowmobiling enthusiasts may switch to all-terrain
vehicles (ATVs), for instance, which do not require
snow-covered ground. Nationwide, ATV sales have

figure 12:

The Changing Face of Winter
1961–1990

Historic Area (1961–1990)
No Data

2010–2039 (Lower Emissions)

While climate models suggest that
the loss of winter snow in Pennsylvania
will be difficult to avoid, the avoidance
of other dangerous impacts is well
within reach.
Historic Area (1961–1990)
No Data

grown while snowmobile sales have declined over
the past five years. Still, it remains unclear whether
ATVs will enjoy the same broad appeal and generate
as much usage and spending as snowmobiles. A broad
switch to ATV use would also create concerns for land
managers and communities across the state, given that
these vehicles tend to have far more damaging impacts
on vegetation and trails.

Skiing
During the 2006–2007 season, 32 ski areas operating in Pennsylvania logged over 2.75 million skier
visits, ranking the state sixth nationally in ski visits.123
Pennsylvania’s downhill ski and snowboard resorts are
largely clustered in two distinct regions—the Poconos
in the northeast and Laurel Highlands in the southwest. This assessment looked at the impact of climate
change on the industry by using two indicators that
affect the economic sustainability of ski operations
throughout a region: 1) a season length of at least 100
days, which is considered necessary for profitability;
and 2) the likelihood of being open for the entire
Christmas-New Year’s holiday period, which is one of
the key revenue-generating times for ski areas.
• Under the higher-emissions scenario, eastern
Pennsylvania is highly vulnerable in the short
term and not expected to meet either of these criteria during the 2010–2039 period.

2040–2069 (Lower Emissions)

Snow Cover (1 Inch for 30 Days)
No Data

A traditional Pennsylvania winter may become increasingly
rare as the state’s climate changes in the next several decades.
White areas on the maps are those that have at least a dusting
(one inch or more) of snow cover for 30 days in the average
year. Historically, three-quarters of Pennsylvania experienced
this type of snow season. Under either emissions scenario, the
area with such snow cover shrinks by roughly half in the next
several decades and three-quarters by mid-century, and there
is essentially no snow cover by late this century. But while
climate models suggest that the loss of winter snow in
Pennsylvania will be difficult to avoid, the avoidance of
other dangerous impacts is well within reach.
Note that “lake-effect” snow in northwest Pennsylvania near Lake Erie was not
modeled in these projections; areas without data are shown as gray on the map.
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•

State’s ski industry vulnerable
Pennsylvania hosted over 2.75 million skier visits
during the 2006–2007 season, but this industry is
under growing pressure. Warming winters have
increased the amount of snowmaking required in
much of the Northeast, at considerable cost both
to ski resorts and skiers alike. In Pennsylvania, this
trend is projected to progress under either emissions
scenario, until many resorts experience conditions
that are too warm for snowmaking altogether.

Western Pennsylvania ski areas remain marginally
viable in the near term but fail to meet either criterion by mid-century.
• Thus, under either emissions scenario, by midcentury Pennsylvania is no longer expected to support viable ski operations.
As part of this analysis, the assessment also projected how the need for snowmaking would grow even
as ski seasons were shortened by warmer winters. This
combination could increase operating costs, leading
both to higher prices for consumers and lower profits
for ski resorts.
• Under either emissions scenario, western Pennsylvania is projected to lose 15 percent of its season
in the next few decades while snowmaking requirements increase by 20 percent.
• The costs of making snow would rise by a greater
percentage than the volume of snow made because
more energy is required to produce it at higher
temperatures.
• By mid-century, warming temperatures may render snowmaking infeasible during much of the
winter across Pennsylvania.
Increased use of water and energy for snowmaking
could compete with the needs of other water users—
especially if droughts occur with increasing frequency
—and may drive up operating costs and ticket prices,
particularly under the higher-emissions scenario.
Across Pennsylvania there could be a major decline in snow accumulation as more precipitation falls
as rain rather than snow, a large drop in the number of
days a ski area could be open for operation, and substantial reductions in the number of days when it
would be cold enough to make snow.
Thus by the middle of the century, under either
emissions scenario, the vast majority of ski resorts
across the state may become economically unviable, possibly resulting in many closures. On average,
each of the 32 ski areas in the state currently brings in
revenues of $11.5 million, generating total annual
statewide revenues of some $370 million.124 If threequarters of Pennsylvania’s ski resorts closed, this could
result in revenue losses of roughly $270 million in
today’s dollars. Such losses may be particularly severe
for small towns located around Pennsylvania’s ski
areas, which often rely on resort-generated tourist revenues to help maintain their livelihoods.
Skiers in the region—including those in New York
City, Philadelphia, Trenton, and Pittsburgh—who might
otherwise favor Pennsylvania hills could expect to drive
significantly farther to continue pursuing the sport.
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c a s e stu d y

Pittsburgh: From Grit to Green

I

n the late 1860s, as hundreds of factory smokestacks belched thick black smoke over Pittsburgh, author James Parton dubbed it “hell
with the lid off.” By the 1970s, when the industrial economy irreversibly faltered, Pittsburgh’s
leaders made “greenification” part of their plan to
revitalize the city, and in 2007 it was named the
tenth cleanest city in the world.125 Today Pittsburgh
boasts the largest number of “green” buildings east
of the Mississippi and has turned its abandoned
industrial sites (“brownfields”) into assets through
extensive redevelopment.
Pittsburgh’s David L. Lawrence Convention
Center, for example, was built on a former brownfield site and is the world’s first convention center
certified under the Leadership in Energy and
Environmental Design (LEED) standards, a rating
system for green buildings. Among its environmentfriendly features, three-fourths of the center’s exhibition-space lighting comes from natural daylight
and half of its “gray” water is recycled, reducing
potable water use by three-fourths.
Another former brownfield site in Pittsburgh
boasts the largest LEED-certified Silver-level commercial building in the nation: the PNC Firstside
Center. When the Children’s Museum of Pittsburgh
expanded, its green choices allowed it to become
the largest Silver LEED-certified museum in the
country. And in the fall of 2007, LEED certification
reached the residential sector when Summerset at
Frick Park, a development of nearly 700 units, was
built on a former steel-mill slag dump.
As of April 2008, Pittsburgh had 24 recognized
LEED-certified buildings, ranking it fifth among U.S.
cities,126 and many other local institutions and
businesses are seeking similar recognition. The
Carnegie Library of Pittsburgh, for example, is currently pursuing certification for its Brookline branch.
Pittsburgh’s city government is actively encouraging such efforts. In November 2007, the city council passed new incentives that allow green buildings
to be 20 percent taller than others in their zoning
districts. In May 2008, with the backing of Mayor

Luke Ravenstahl, the city’s Equipment Leasing
Authority approved a policy requiring Pittsburgh to
purchase clean vehicles. In June 2008, Ravenstahl
created the Mayor’s Green Initiative Trust Fund with
money saved through bulk purchasing of power. Its
mandate includes the setting up of an Office of Sustainable Development and Energy Efficiency and
the launch of a Green Council to oversee the city’s
five-year plan for green initiatives.
Ravenstahl, pledging to reduce CO2 pollution
in Pittsburgh to 7 percent below 1990 levels by the
year 2012, joined hundreds of others mayors in signing the U.S. Mayors Climate Protection Agreement.
Pittsburgh has pursued other greening initiatives
as well, such as bike and walking trails along its riverfronts and hollows. In 2007 it was named the ninth
most walkable American city by a Brookings Institution study.
In the 1950s, when Pittsburgh’s future seemed
bleak, architect Frank Lloyd Wright was asked how
the city could be improved. His answer: “Abandon
it!” Yet Pittsburgh has shown that political ingenuity
and persistence, along with the backing of private
institutions, could revitalize the city’s economy,
improve civic well-being, and set an example of
responsible stewardship for the world.
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c h a pt e r s i x

Solutions for the Keystone State

T

his report has highlighted possible
consequences of climate change for
Pennsylvania. Climate change is already affecting the state’s landscape,
livelihoods, and traditions, and because
some amount of further change is unavoidable, the
impacts will grow more substantial over the coming
decades. The report has also demonstrated that the
extent of warming throughout this century will depend largely on energy and land-use choices—made
within the next few decades as well—both in Pennsylvania and around the world.127
Analyses project many striking differences in the
extent of global warming impacts on Pennsylvania,
depending on whether the world follows a higher- or
lower-emissions pathway. The lower-emissions scenario implies a future in which atmospheric concentrations of CO2 rise from approximately 380 parts per
million (ppm) today to 550 ppm by the end of the
century. Under the higher-emissions scenario, CO2
reaches 940 ppm in this same time frame.
Yet just as the higher-emissions scenario described
in this report does not represent a ceiling on emissions, the lower-emissions scenario does not represent
a floor. Indeed, many lines of evidence indicate that
reducing emissions even beyond the lower-emissions
scenario—and thus keeping CO2 levels below 550
ppm and generating even fewer severe impacts—is
well within our reach.128
The latest assessment from the Intergovernmental
Panel on Climate Change (IPCC) describes the technical and economic potential for stabilizing atmospheric concentrations of heat-trapping gases at or
below the CO2 equivalent of 450 ppm.129 Recent analyses130 indicate that achieving such a target would
require the United States and other industrialized nations to reduce emissions some 80 percent below 2000
levels by mid-century, along with substantial reductions by developing countries. These analyses also
emphasize the need to set and achieve aggressive nearterm reduction goals that will put the world on the
right trajectory to hit the mid-century target. In the

spring of 2008, several dozen Pennsylvania scientists
and economists joined with 1,700 experts from across
the United States in calling for these very swift and
deep reductions in the heat-trapping emissions that
cause global warming.131
Even if future emissions can be dramatically curtailed, however, emissions from the recent past guar-

Analyses project many striking
differences in the extent of global
warming impacts on Pennsylvania,
depending on whether the world
follows a higher- or lower-emissions
pathway.
antee that Pennsylvania and the world will experience
at least some additional warming, and significant impacts, over the next several decades. Policy makers and
communities across Pennsylvania must therefore begin preparing for and adapting to the consequences of
this unavoidable warming.
Mitigation (in the form of emissions reductions)
and adaptation are essential and complementary strategies for addressing climate change. Aggressive steps
to reduce emissions can limit the scope and costs of
regional impacts and thus improve prospects that ecosystems and societies can find effective ways to cope
with climate change and take advantage of any potential benefits.

Pennsylvania’s Role in
Reducing Emissions
Pennsylvania—a state that generates 1 percent of
global emissions132—must play a significant role in
responding to this global challenge. Of course, reducing emissions in Pennsylvania alone will not stem
global warming. Nevertheless, Pennsylvania’s emissions are so high that this single state, when compared
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2005 Pennsylvania Emissions:
Significant on a Global Scale
figure 13:

UNITED STATES
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United Kingdom
PENNSYLVANIA
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Annual Emissions in 2005 (Gigatons of Carbon Dioxide)

Emissions from fossil fuels in Pennsylvania compared with the major
carbon-emitting nations. (U.S. emissions include those from the nine
Northeast states, and Northeast emissions include those from Pennsylvania.) On a global scale, Pennsylvania’s emissions are half those of
the United Kingdom, which has five times the population. Pennsylvania’s
total emissions are higher than those of New York State and Wyoming
combined, while its per capita emissions are more than double those
of New York State.
Source: Energy Information Administration. 2005. International energy annual 2005.

with entire nations, ranks as the world’s twentysecond largest emitter of CO2, emitting almost half
that of the United Kingdom, which has five times the
population.133
Electricity generation accounts for over 40 percent
of the state’s total CO2 emissions134—not surprising,
given Pennsylvania’s coal resources and history. What
may in fact be surprising, however, is that many of
Pennsylvania’s coal-fired power plants generate electricity not only for in-state use but also for export to
other states on the East Coast. In 2005, Pennsylvania
power plants exported fully one-third of all the electricity they generated.135 If the United States is to
achieve the scale of emissions reductions needed,
Pennsylvania must figure prominently in a transition
to a clean energy future. That transition will need to
involve aggressively employing energy efficiency in
buildings and industry to reduce demand for electricity while promoting a shift in generation toward an
increasingly clean mix of low-carbon and renewable
energy sources. To avoid undermining its own and
neighboring states’ efforts to reduce emissions, the
state should permit no new coal-fired plants to be
built within its borders until the technology to cap-

ture and store carbon emissions is proven effective and
is commercially available at the scale needed.136
Cars and trucks account for another 26 percent of
Pennsylvania’s total CO2 emissions.137 Pennsylvania’s
clean energy future can also include vehicles with
much better gas mileage, gasoline with lower carbon
content, enhanced public transportation systems in and
between the state’s cities, and smarter development
policies that reduce the number of miles traveled.138
The good news is that Pennsylvania is a global
leader in science, technology, and finance, and a historic innovator in public policy. The new green economy can succeed in Pennsylvania with the right set of
public policies and the political will to get the job done.
Recent examples of the state’s progress in adopting
such policies and practices include the following:
• In 2008 the state legislature created a $650-million
funding program to support investment in energy
efficiency and renewable energy development.139
• The state also enacted requirements in 2008 for
in-state production and use of biodiesel and cellulosic ethanol in transportation fuels.140
• Other recent legislation requires the establishment
of an inventory of the state’s emissions and the development of a comprehensive climate change action plan for the Commonwealth.141
• Compared with all purchasers of green power in
the nation, Pennsylvania now ranks first among states
and is the eleventh-largest purchaser overall.142
• The Commonwealth’s embrace of renewable technology for developing new sources of energy and
driving the local economy is paying strong economic development dividends. For example,
within months of the state’s 2004 adoption of a
renewable electricity standard obligating utilities
to get increasing portions of their power from renewable energy sources, the Spanish wind-energy
company Gamesa announced it was locating its
U.S. headquarters in Philadelphia; it subsequently
invested $84 million, sited two manufacturing facilities and another office in the state, and created
nearly 1,000 jobs. The German company Flabeg
chose Allegheny County for its first U.S. solarmirror production facility, which is expected to
create 300 manufacturing jobs.143
• Pittsburgh, which has embraced green building
technology and related products and expertise as
an economic development strategy, boasts the
largest number of green buildings of any city of its
size east of the Mississippi, and ranks fifth in the
country overall.144
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Achieving Emissions Reductions
by Sector
Steps such as those above are an important foundation
on which to build Pennsylvania’s response to climate
change. Starting now and continuing over the next
few decades, the state’s decision makers at every level—
within the business sector, public institutions, and
individual households alike—can choose from among
many proven or promising strategies to help put
Pennsylvania on a path to deep emissions reductions.
Some of the specific policies, programs, and practices
that could achieve these reductions are outlined below
by sector.
Electric power. Perhaps the toughest challenge—and
greatest opportunity—for Pennsylvania lies in reducing its dependence on coal for electricity generation.
While coal is deeply entrenched in the state’s history
and culture, Pennsylvania has substantial untapped
“reserves” of energy efficiency in its homes, businesses,
and industrial processes, as well as ample renewable
energy resources.
• Pennsylvania should, for example, emulate other
states’ programs that successfully help electricity
customers reduce their demand through energy
efficiency measures.
• Pennsylvania has one of the most abundant, but
largely untapped, wind resources in the entire
Northeast region.145
• The state could strengthen its renewable electricity
standard to accelerate the growth of the industry’s
installed base of wind, solar, and other renewable
energy. Consider, for example, that Pennsylvania
has more than five times the solar energy potential
of neighboring New Jersey yet until very recently
had only one-fortieth as much installed solar electric capacity.146
• In the near term, the state’s coal-fired generators
could begin co-firing sustainable biomass (such as
timber-processing residues) with coal in their
power plants, thus reducing the carbon content of
the fuel.
• For the future, some coal-fired power plants may
be able to capture the CO2 emitted from burning
coal and place it in permanent storage so that it
never reaches the atmosphere. Pennsylvania has
promising sites for CO2 storage in geologic formations underground.147 The technical viability and
cost-effectiveness of carbon capture and storage
(CCS), however, are not yet well established. A
limited number of pilot projects that combine

2005 Pennsylvania CO2
Emissions by Sector
figure 14:

Commercial
4%

Transportation
26%

Electric Power
44%
Industrial
17%

Residential
9%

Electricity generation—primarily from coal-fired
power plants—is the largest source of heat-trapping
emissions in Pennsylvania, followed by transportation. Together these two sectors account for over
two-thirds of the state’s emissions.
Source: Energy Information Administration. 2005. State energy data system. Table 2.

highly efficient coal-burning technology with
CCS might be tested in the state, but federal policies would likely be needed to entice companies to
invest in such projects.
Buildings. The recently enacted investment program
contains hundreds of millions of dollars to support
energy efficiency upgrades and alternative energy production in and on buildings of all types. Implementation efforts can draw on the experience of successful
pioneering initiatives such as the West Penn Power
Sustainable Energy Fund and models such as the Keystone Home Energy Loan Program (Keystone
HELP).148 Adopting a requirement that any building
substantially funded by the state be built to high-performance standards would be a good way for the
Commonwealth to lead by example. Support for additional education and training for architects, engineers, and builders is needed to help disseminate such
practices to all parts of the state.
Transportation. The state’s plan to reduce emissions
from cars and trucks should have three components:
(1) higher fuel economy (meaning that less gasoline
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against adverse consequences for land use, water resources, and food supply.150
Industries and institutions can take advantage of
programs and incentives created by recent Pennsylvania legislation to reduce their energy costs and
emissions.151 This can be achieved by improving the
energy efficiency of buildings and other facilities and
by installing combined-heat-and-power systems152 and
on-site renewable energy systems. More than 50 of the
state’s academic institutions, both large and small, have
already joined together in a consortium to improve
and extend greening programs on campus.153 This innovative effort can be significantly widened, as there
are a great many opportunities for reducing energy use
in campus buildings and vehicle fleets, securing electricity from renewable energy, educating the student
body, and pursuing other emissions-reducing activities.

“Green” buildings
Reducing energy demand through more efficient building design
can provide savings to homes, businesses, and large institutions.
Six new dorms on the California University of Pennsylvania campus
(in California, PA) are green-design buildings that use one-third
less energy than the old dorms. While building “green” costs more
up front, the university recouped that expenditure in just 2.5
years and expects to continue to save $750,000 on energy costs
each year.

is burned and therefore less CO2 is emitted per mile
traveled); (2) lower carbon content in the fuel that is
burned; and (3) fewer vehicle miles traveled. Pennsylvania has adopted California’s tailpipe emissions
standards for new vehicles—which would require reductions of about 30 percent below 2002 levels by
2016, beginning with the 2009 model year—though
implementation has been held up by an adverse decision by the U.S. Environmental Protection Agency.
Meanwhile, state and local governments can reduce
vehicle emissions through incentives to purchase lowemissions vehicles, sustained investment in public
transportation, and incentives and regulations that
promote “smart growth” strategies, which reduce
urban sprawl and hence the number of miles people
drive.149 The development and use of biodiesel and
cellulosic ethanol—plant-based alternatives to fossil fuels—have the potential to significantly reduce
heat-trapping emissions. However, in implementing
the recently enacted per-gallon content requirements
for biofuels produced in the state, the Department
of Agriculture must ensure a full accounting of lifecycle emissions per unit of energy delivered and guard

Forestry and agriculture policies in Pennsylvania can
be designed to promote cost-effective management
practices that reduce emissions. Such practices include increased carbon capture in soils, more efficient
use of nitrogen fertilizers, decreased consumption of
fossil fuels, and expanded deployment of wind and
bioenergy—provided that the latter is produced in a
sustainable manner.154 Capturing and using methane
to power farm operations is one such strategy already
being implemented successfully on many farms.155

Adapting to Unavoidable Change
Because some additional warming is inevitable, adapting to higher temperatures is now an essential counterpart to reducing emissions. The latter remains
paramount: delay in reducing emissions increases the
costs—and limits the feasibility—of adaptation, while
aggressive steps to reduce emissions improve the likelihood that ecosystems and societies alike will have
time to adapt.
Taking action to prepare for the likely consequences of climate change can be less expensive than
the damage that would result from doing nothing. Less
affluent people and communities, even in relatively
wealthy states such as Pennsylvania, will be among the
hardest hit by global warming, in part because they
can least afford to prepare for or cope with the impacts (such as extreme heat) once they occur. Similarly, small or geographically isolated businesses may
have fewer resources and options for coping with climate change. Some highly valued species such as the
black cherry, eastern hemlock, or ruffed grouse could
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Coal in Pennsylvania: Cleaning Up Our Act
Pennsylvania history is deeply rooted in the coal
seams that lace its mountains. Although the state’s
production has dropped from a historical high of
277 million tons in 1918—the heyday of the Commonwealth’s industrial, mining, and manufacturing
economy—to 66 million tons in 2006, Pennsylvania
still ranks fourth among U.S. states in coal production and it supplies about 6 percent of the nation’s
output. From the bituminous (relatively soft and
high in sulfur) coalfields of the western region to
the anthracite (harder and cleaner-burning) coalfields in the east, Pennsylvania’s 270 coal mines
employ thousands and were at one time vital
to the survival of many towns.
Burning coal to generate electricity is the single
largest source of global warming emissions both in
Pennsylvania and the United States as a whole. In
2004,156 almost half of Pennsylvania’s CO2 emissions
came from burning coal. Coal accounts for over
90 percent of CO2 emissions in the state’s electricity sector.157
One of the most important strategies for reducing CO2 emissions in the state, the nation, and the
world is to commit to a transition from fossil fuels
such as coal and oil to renewable energy technologies. Yet given the continuing importance of coal to
Pennsylvania’s economy, it is also essential to make
coal a “cleaner” fuel. There are several potential ways
to reduce coal’s negative environmental impacts
and help turn it into a more attractive fuel in an
environmentally conscious market.
One such strategy is to use emerging technologies to capture CO2 emissions as they are expelled
from the stacks of coal-fired power plants. The
pollution control technologies currently in use at
coal-fired plants do not address CO2 emissions and
thus do not reduce them. Instead, these emissions
are freely dispersed into the atmosphere, directly
adding to the buildup of heat-trapping gases. If CO2
emissions were captured, however, the gas could
potentially be pumped into underground reservoirs
for long-term storage. Pennsylvania’s numerous

unmineable coal seams provide good candidates
for CO2 reservoirs.
Existing coal-fired plants may also substantially
reduce their carbon emissions in the near term by
replacing some of the coal with biomass such as
wood chips or other wood waste. Burning wood
creates carbon emissions as well, but it is nevertheless a carbon-neutral fuel: trees absorb carbon as
they grow, and when burned emit the same amount
they absorbed during their lifetimes. Another potential strategy that has received much publicity
lately—coal-to-liquid technology—is not a viable
option for reducing heat-trapping emissions
because it generates double the emissions of
gasoline (the fuel it aims to replace).

45

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM
46

U n i o n o f C o n c e r n e d S c i e n t i sts

How to Prioritize Adaptation Strategies
The various strategies with which the state and
local governments, business sectors, and communities in Pennsylvania can prepare for climate change
must be considered on a case-by-case basis. Each
constituency is unique in the challenges it faces and
its ability to adapt. However, the following principles can help set priorities:
1. Monitor the changing environment. Decision
makers and resource managers must stay informed
about the specific consequences of global warming
for the areas they oversee. In particular, improved
monitoring both of the climate and the condition of
natural systems can give clearer signals about the
need for action and more time to formulate
appropriate adaptation strategies.
2. Track indicators of vulnerability and
adaptation. Monitoring both the progress of
specific adaptation strategies and the social factors
that limit a community’s ability to adapt can enable
decision makers to modify strategies and improve
outcomes.
3. Take the long view. Decisions with long-term
implications (e.g., investments in infrastructure and
capital-intensive equipment, irreversible land-use
choices) must be considered in the context of
climate projections.
4. Consider the most vulnerable first. Climatesensitive species, ecosystems, economic sectors,
communities, and populations that are already
heavily stressed for nonclimatic reasons should be
given high priority in policy and management
decisions.

5. Build on and strengthen social networks. Ties
between trusted individuals and organizations are
an asset for adaptation at the community level and
within business sectors. Strong leaders can inspire
organizations in times of difficult change, and wellconnected and -informed individuals can disseminate information that may be critical for effective
adaptation.
6. Put regional assets to work. Pennsylvania has
an enormous wealth of scientific and technological
expertise in its universities and businesses that can
be harnessed to improve understanding of adaptation opportunities and challenges.
7. Improve public communication. Regular and
effective communication with, and engagement
of, the public on climate change helps build our
regional capacity to adapt.
8. Act swiftly to reduce emissions. Strong and
immediate action to reduce emissions, in Pennsylvania and globally, can slow climate change, limit its
consequences, and give our society and ecosystems
a better chance to successfully adapt to those
changes we cannot avoid.158
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lose critical habitat or other conditions necessary for
their continued survival. Therefore it is essential to
the economic and ecological sustainability of the region that Pennsylvanians focus attention on the plight
of vulnerable communities, sectors, and ecosystems
and take steps to increase their resilience in the face of
climate change.
Moving swiftly to reduce vulnerability is also smart
economics. Governments, businesses, and communities that plan ahead will be positioned to take advantage of the possible benefits of climate change—as
with farmers who begin early to replace vulnerable
perennial fruit crops with more heat-tolerant varieties, or with ski resort owners who diversify to more
year-round attractions. Similarly, communities in
Pennsylvania that are modernizing their water and
sewer infrastructure could protect their investments
by incorporating near-term rainfall projections into
their plans.

47

The adaptation strategies most relevant and feasible for any specific community or economic sector must be assessed on a case-by-case basis (see box,
“How to Prioritize Adaptation Strategies.”) But this
much is clear: a delay in preparing for anticipated
changes, or the continued reliance on infrastructure
and procedures (e.g., emergency response plans) based
on historical experience rather than projected conditions, will increase the state’s exposure to climate risks.

A State-Federal Partnership
Although Pennsylvania and its municipalities can
achieve much with their own policies and resources,
the scale of emissions reductions required suggests a
strong role for the federal government. Federal climate policy, for example, can set a national price on
carbon, making power plants that capture and store
CO2 emissions more cost-competitive in the marketplace. Federal carbon-policy options currently being

Coping with a changing climate
The frequency of droughts, particularly short-term droughts of one to three months, is projected to increase over the 		
coming decades under the higher-emissions scenario. Drought and hot summer conditions would increase irrigation needs,
particularly for growers of traditionally rain-fed crops. Farmers may be able to cope by investing in and upgrading irrigation
systems, assuming the up-front and long-term operational costs are within reach.
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debated in Congress might also generate resources to
assist with reasonable transitions for coal miners and
coal-dependent communities. Complementary federal
policies, such as a national renewable electricity standard or increased fuel-economy standards, may help
stimulate energy and transportation solutions at the
state level. And federal resources devoted to continued climate monitoring and assessments can provide
essential information for states and communities to
use in devising and implementing adaptation plans.
Pennsylvania’s U.S. senators and representatives must
therefore support strong federal climate and energy
policies that will help the state reduce emissions, transition to the promising clean energy economy of the
future, and be prepared for the climate change likely
to occur in the interim.159

Conclusion
Climate change represents an enormous challenge,
but swift action can put solutions within reach. Because humans are largely responsible for current global

warming, changing our actions can limit the severity
and extent of impacts. Concerted actions to reduce
heat-trapping emissions—on the order of 80 percent
below 2000 levels by mid-century and just over 3
percent per year160 over the next few decades—could
keep temperatures and associated impacts from rising
even to the level of the lower-emissions scenario used
in this study. But the longer we delay, the larger, more
aggressive, and costly our ultimate emissions reductions will need to be.
The actions highlighted here for meeting the climate challenge are consistent with other widely shared
societal goals such as safeguarding and enhancing our
nation’s energy and economic security, creating jobs, providing affordable transportation, reducing home energy
use, ensuring cleaner air, and building a more sustainable economy. Pennsylvania’s state and municpal governments, in partnership with businesses, insti-tutions,
and an increasingly supportive public, have a rich array of proven strategies and policies at their disposal to
meet the climate challenge. The time to act is now.

Untapped renewable energy
Somerset Wind Energy Center in southwest Pennsylvania produces enough electricity annually to supply about 3,400 homes
(~25,000 megawatt-hours). The state has tremendous, but largely untapped, renewable energy potential. If aggressively
harnessed, wind energy could play a critical role in meeting the demand for clean electricity generation that can grow the
economy, create jobs, and reduce air pollution and heat-trapping emissions.
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climate Change in Pennsylvania
I m p a c t s a n d S o l u t i o n s f o r t h e K e y s t o n e S t at e
Global warming is already making a mark on Pennsylvania’s landscapes, livelihoods, and traditions, and over the
coming decades the impacts are expected to grow more substantial. Research presented in this report shows many
striking differences in the scale of these impacts, determined by whether the world follows a higher- or loweremissions pathway. The higher-emissions scenario assumes continued heavy reliance on fossil fuels, causing heattrapping emissions to rise rapidly over the course of the century. The lower-emissions scenario assumes a shift away
from fossil fuels in favor of clean energy technologies, causing emissions to decline by mid-century.
As this report outlines, emissions choices we make today—in Pennsylvania and worldwide—can help shape many
aspects of Pennsylvania’s economy, quality of life, and very character.

For more information on the changing climate in Pennsylvania visit

www.climatechoices.org/pa

This report represents a collaborative effort between the Union of Concerned Scientists (UCS) and a team of independent experts to
analyze climate change and the related impacts on key sectors in the state of Pennsylvania. The goal of this work is to combine state-ofthe-art analyses with effective outreach to provide opinion leaders, policy makers, and the public with the best available science upon
which to base informed choices about climate change mitigation and adaptation. For more information on the science underpinning this
work visit www.northeastclimateimpacts.org/pa.
The Union of Concerned Scientists (UCS) is the leading science-based nonprofit working for a healthy environment and a safer world.
UCS combines independent scientific research and citizen action to develop innovative practical solutions and to secure responsible
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Climate Change Impacts and
Solutions for Pennsylvania
How Today’s Actions Shape the State’s Future

F

rom colonial times to the founding of the United
States and its growth into a global power, Pennsylvania’s people and resources have played a leading
role in shaping the destiny of our country. Endowed
with bountiful forests, fertile soils, extensive coal
seams, and navigable rivers, the state created a thriving industrial economy that helped spur the prosperity of a young nation.
For much of the past century, Pennsylvania has worked successfully to diversify its economy as the Rust Belt industries of
coal, steel, and manufacturing waned; today the state economy
owes at least as much to its service industries and modern manufacturing sectors. Many of its cities, towns, and rural regions,
however, have not fully recovered from the decline of these
traditional industries. Climate change will only add to the
state’s economic challenges while also dramatically altering
many aspects of its economy, character, and quality of life.
Global warming is already making a mark on the landscape,
livelihoods, and traditions of Pennsylvania, and over the coming decades the impacts are expected to grow more substantial
across the state. They may include longer and more intense
summer heat waves, reduced winter snowpack, northward
shifts in the ranges of valued plant and animal species, and
declining yields of key agricultural crops.
Some further global warming is unavoidable because
emissions of heat-trapping gases such as carbon dioxide (CO2)
can persist in the atmosphere for decades or centuries. CO2
acts like a blanket, trapping heat and keeping the earth warm.
But the magnitude of warming that occurs later this century
depends largely on energy and land-use choices made within
the next few years in the state, the nation, and the world. Because humans are largely responsible for current global warming, changing our actions can limit the severity and extent of
impacts and thus the degree to which we will need to adapt.
Many striking differences in the scale of climate change impacts can be expected, depending on whether the world follows
a higher- or lower-emissions pathway. The first (the higheremissions scenario) is a future in which societies—individuals,
communities, businesses, states, and nations—allow emissions
to continue growing rapidly; the second (the lower-emissions
scenario) is one in which societies choose to rely less on fossil
fuels and instead adopt more resource-efficient technologies.

These scenarios represent markedly different emissions choices
that people may make.
The stakes for Pennsylvania’s quality of life, and its very
character, are great. If we follow the higher-emissions pathway,
during the lifetime of today’s kindergartener:
• Many Pennsylvanian cities can expect dramatic increases
in the number of summer days over 90°F, putting vulnerable populations at greater risk of heat-related health effects
and curtailing outdoor activity for many individuals.
• Heat could cause air quality to deteriorate substantially, exacerbating allergies, asthma, and other respiratory diseases.

figure 1:
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Statewide, Pennsylvania is projected to experience dramatic
increases in the number of extremely hot days over the coming
century, especially under the higher-emissions scenario. The
greatest warming will be in the southwest and southeast
regions, where daytime temperatures by late century (2070–
2099) could hover over 90°F for nearly the entire summer.
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• Heat stress on dairy cattle may cause declines in milk
production.
• Yields of native Concord grapes, sweet corn, and favorite
apple varieties may decrease considerably as temperatures rise
and pest pressures grow more severe.
• Snowmobiling conditions are expected to disappear from
the state as winter snow cover shrinks.
• Widespread ski resort closures can be expected, despite
increased snowmaking, as winters become too warm for
snow—natural or human-made.
• Climate conditions suitable for prized hardwood tree species
such as black cherry, sugar maple, and American beech are
projected to decline or even vanish from the state.
• Substantial changes in bird life are expected, including loss
of preferred habitat for many resident and migratory species.
If Pennsylvania and the rest of the world take action
to dramatically reduce emissions consistent with—or even

below—the lower-emissions scenario described in this report, many of the consequences noted above may be avoided,
limited in scope, or postponed until late century, thereby giving society time to adapt. However, as many of the impacts
are now unavoidable, some adaptation will be essential.
Pennsylvania has already shown its willingness to act. It
has reduced heat-trapping emissions by driving investment in
energy efficiency, renewable energy technology, and alternative
transportation fuels; it has embraced wind power and other
clean energy options (not only for energy generation but also
for economic development); and it has moved to the forefront
among “green power” purchasers.
But there are many more measures—based on proven
strategies and available policies—that the state and its local
governments, businesses, public institutions, and individual
households can apply to this challenge. They require only
the will to do so.

How Will Emissions Choices Affect Pennsylvania’s Future Climate?

T

he Appalachian Mountains sweep diagonally across
the Commonwealth of Pennsylvania from southwest to northeast, dividing it into distinct climatic
regions. To the northwest lies the Allegheny plateau,
which endures more severe winters, greater amounts of snowfall, and more frequent rainfall than other parts of the state.
This precipitation feeds the headwaters of the Susquehanna,
the Delaware, the Allegheny, and the Monongahela rivers.
Western Pennsylvania

Central Pennsylvania is a fertile landscape of valleys and ridges
that experiences the state’s greatest extremes in temperature
and rainfall and its heaviest snowfall. Southeast Pennsylvania
includes the Piedmont plateau and the coastal plain of the
Delaware River, which enjoy a milder winter climate but endure
longer and hotter summers than the rest of the state. The largest
cities—Philadelphia and Pittsburgh—are situated in the state’s
more moderate climate regions.

eastern Pennsylvania

figure 2:

Migrating Climates
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Changes in average summer
“heat index”—a measure of how
hot it actually feels with a given
combination of temperature and
humidity—could strongly affect
quality of life for residents of
Pennsylvania in the future. Red
arrows track what summers could
feel like over the course of the
century in western and eastern
Pennsylvania under the higheremissions scenario. Yellow arrows
track what the summers could
feel like under the loweremissions scenario.
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Pennsylvania’s climate has already begun changing in noticeable ways. Over the past 100 years, annual average temperatures
have increased by around 0.5°F and annual average rainfall has
been steadily increasing in all regions but the central southern.
Winters have warmed the most, and in many Pennsylvania
cities the number of extremely hot (over 90°F) summer days
has increased since the 1970s. Decreasing snow cover—a
statewide trend—has accelerated its decline in the past few
decades. Each of these changes is consistent with the effects
expected from human-caused climate change.
As the state continues to warm, even more extensive
climate-related changes are projected, with the potential
to transform aspects of Pennsylvania as we know it.

figure 3:



The Changing Face of Winter
1961–1990

Historic Area (1961–1990)
No Data

2010–2039 (Lower Emissions)

Over the next several decades (2010–2039), compared
with the historic period (1961–1990), the following
changes can be expected under either emissions scenario:

• Annual average temperatures across Pennsylvania are
projected to increase by 2.5°F.
• Much of the state can expect substantially more days over
90°F—in most cases, at least a doubling.
• The area of the state that typically experiences 30 days
or more of snow in winter is projected to shrink by
roughly half.
• Precipitation is expected to increase statewide by more
than 5 percent above the historical average.

Historic Area (1961–1990)
No Data

2040–2069 (Lower Emissions)

By late century (2080–2099), if heat-trapping emissions
remain high:

• Winter temperatures are projected to rise 8°F above historic
levels and summer temperatures are projected to rise 11°F.
• Most of the southern half of the state is projected to endure
more than 70 days a year with temperatures higher than 90°F.
• The characteristic snow season of Pennsylvania is projected
to disappear.
• Precipitation is expected to increase by more than 10 percent
statewide.
Under a lower-emissions future, the changes are projected to
be about half as great as those listed above.
Most of the changes in climate over the next several decades
are unlikely to be significantly curbed by any reductions in emissions of heat-trapping gases undertaken in Pennsylvania and
the rest of the world during that period. These near-term changes
have already been set in motion by emissions over the past few
decades. Two factors explain the delayed response of the climate:
many heat-trapping gases remain in the atmosphere for tens or
even hundreds of years, and the ocean warms more slowly than
the air in response to higher concentrations of such gases. Thus
policy makers and communities across Pennsylvania must begin
adapting to the unavoidable consequences of this warming.
Toward mid-century (2040–2069) and beyond, however,
the extent of further warming will be determined by actions
taken to reduce emissions—starting now and continuing over

Snow Cover (1 Inch for 30 Days)

No Data

A traditional Pennsylvania winter may become increasingly rare as
the state’s climate changes in the next several decades. White areas
on the map are those that have at least a dusting (one inch or
more) of snow cover for 30 days in the average year. Historically,
three-quarters of Pennsylvania experienced this type of snow season.
Under either emissions scenario, the area with such snow cover
shrinks by roughly half in the next several decades and by threequarters by mid-century, and there is essentially no snow cover
by late this century. But while climate models suggest that the
loss of winter snow in Pennsylvania will be difficult to avoid, the
avoidance of other dangerous impacts is well within reach.
Note that “lake-effect” snow in northwest Pennsylvania near Lake Erie was not modeled
in these projections; areas without data are shown as gray on the map.

the next several decades. While such actions in Pennsylvania
alone will not stabilize the climate, the state can nevertheless
play a significant role in responding to this global challenge.
Pennsylvania contributes 1 percent of total global emissions of
carbon dioxide, and of all U.S. states it is the third-highest in
emissions from fossil-fuel sources, behind Texas and California.
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What Might the Projected Climate Change Mean for Pennsylvania?
CITIES AND TOWNS
lobal warming is expected to increase the risks of
many types of climate-related illnesses and even
death, especially in Pennsylvania’s urban areas. In
Philadelphia and other cities and towns throughout the state, extreme heat and air pollution events already
generate headlines each summer and raise public concern. With
aging infrastructure, aging populations, and health care systems

G

Figure 4: Extreme

already under strain, cities and towns face a serious threat from
climate change. Today’s emissions choices will help determine
the severity of these risks and also how tolerable the future
climate conditions in Pennsylvania’s cities will be.
• Cities such as Allentown, Pittsburgh, Scranton, and State
College have historically averaged fewer than 10 days a year
over 90°F. By mid-century under a higher-emissions future,
they may endure more than 40 days over 90°F; by late
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Cities such as Allentown, Pittsburgh, Scranton, and State College have historically averaged fewer than 10 days a year over 90°F.
By mid-century under a higher-emissions future, these cities may endure more than 40 days over 90°F. By late century this number
could rise to 65 days or more, though it would roughly be halved under a lower-emissions future. The most dramatic warming
would be in cities in the southwestern and southeastern parts of the state, where daytime temperatures by late century could
exceed 90°F for nearly the entire summer.
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century this number could rise to more than 65 days. These
projections would roughly be halved, however, under a loweremissions future.
• By late century under a higher-emissions future, Allentown,
Harrisburg, Philadelphia, Pittsburgh, Scranton, and State
College could each experience some 24 or more days over
100°F during the summer, compared with the one or two
such days they typically experience at present. Under a
lower-emissions future, the number of days per year over
100°F would average seven or fewer.
• In the Philadelphia metropolitan area, the number of days
failing to meet the federal ozone standard is expected to at
least quadruple under the higher-emissions scenario if local
vehicular and industrial emissions of ozone-forming
pollutants are not reduced.
• As both temperatures and CO2 levels rise, increases can be
expected across Pennsylvania not only in the production of
pollen grains but potentially in the allergenic potency of
those grains.
Climate change will also help determine the future infrastructure and resource management challenges that Pennsylvania cities will face. For instance:
• Increased rainfall amounts could drive greater failure of
combined sewer systems unless costly system overhauls are
undertaken.
• Accelerated sea-level rise could worsen Philadelphia’s watersupply challenges by increasing salinity in the Delaware
River/Estuary system.
The costs of adapting to such changes could be enormous,
particularly for cash-strapped communities.

AGRICULTURE
From the stone barns of Lancaster County to the vineyards
that rim Lake Erie’s shore, agriculture remains a scenic centerpiece of Pennsylvania’s identity. Pennsylvania retains one of the
largest rural populations in the United States. Some 59,000
farms, many of them small and family-run, nestle among the
state’s hills, forests, and burgeoning suburbs, maintaining an
agricultural tradition that in many areas goes back 200
years or more.
Dairying is the top agricultural industry in the state,
with a 2002 commodity value of $1.4 billion. Major cash
crops include corn, vegetables, mushrooms, and fruits (including grapes and apples). Continuing changes in temperature,
rainfall, and atmospheric levels of CO2 will affect—both
positively and negatively—Pennsylvania’s crops and livestock
as well as the pests, pathogens, and weeds that threaten them.
The Intergovernmental Panel on Climcate Change’s most
recent assessment, for example, projects that “moderate climate
change” will likely increase yields of crops such as corn and
soybeans by 5 to 20 percent over the next few decades, thanks
to warmer temperatures, a longer growing season, and the
“fertilizer effect” of higher levels of CO2.



Dairy cows are being sprayed to help keep them cool. Under
the higher-emissions scenario, dairy farmers face substantial
reductions in milk production later this century as very hot days
become more commonplace. Adaptation options include the
installation of cooling systems in dairy facilities.

Other global warming impacts, however, may outweigh
such benefits. As temperatures increase, the state’s prized sweetcorn crop may face reduced yields because of summer heat
stress and increased pest and disease outbreaks. Hotter summers without an increase in summer rainfall could require
that traditionally rain-fed crops be irrigated. High-value fruit
crops may no longer experience the winter chilling conditions
required for optimal fruit production and may also face
increased pressures from insect pests.
Under the higher-emissions scenario, by mid-century:

• Without new investments in methods to cool dairy cows,
increasing summer heat stress is projected to depress milk
production in Pennsylvania by at least 10 percent.
• The Concord Grape Belt may achieve adequately cold
winter temperatures in just one out of two winters, potentially causing large reductions in grape harvests.
• The chilling requirement for certain apple varieties may be
met in just 50 to 60 percent of winters in the southeastern
part of the state, including Adams County (the state’s major
apple-producing area).
• Most of Pennsylvania’s cornfields could experience consistent pressure from flea beetle/Stewart’s wilt outbreaks.
Although farmers have often proven adaptable to changing
weather patterns and market demands, they face greater uncertainty, risk, and expense as the pace and scope of climate change
increase. The economic pressures will be felt both by large operations and small family farms, potentially threatening traditional
livelihoods and unique lifestyles such as those of the Amish.
co nt i n u e d o n pa g e 8
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Global Warming Impacts and Solutions
in the Keystone State
Impacts. Continuing changes in
temperature, rainfall, snow cover, and
other climate variables will affect the
state, from its farmland to its cities.

• Erie

Temperatures exceeding 90°F are
projected to become common by
mid-century, increasing human
health risks such as heat stress, heat exhaustion, and life-threatening heatstroke. Such
risks disproportionately affect those who
are poor, elderly, very young, suffering from
chronic diseases, or otherwise unable to
escape the heat.
Global warming could increase
the levels of airborne pollen and
lung-damaging air pollution. Poor
air quality increases the risk of
respiratory illnesses such as asthma, chronic
bronchitis, and emphysema. Higher temperatures can prolong the pollen-allergy season
while elevated CO2 levels accelerate the
productivity of key pollen-allergen sources.
Pennsylvania is the country’s fourthlargest producer of apples, grown
mostly in the southeastern part of
the state. By mid-century under the higheremissions scenario, only half the winters in
the southern part of the state would meet the
cold-temperature requirements of popular
varieties of apples, including McIntosh and
Granny Smith.
Pennsylvania’s Concord grape
industry, located near Lake Erie, is
a major source for the nation’s grape
juice makers. This native grape requires cold
winter temperatures for optimal flowering
and fruit production. Under the higheremissions scenario, warmer temperatures
could pose a substantial challenge to
Concord grape growers by mid-century.
Currently, summers in Pennsylvania
are ideal for growing sweet corn.
Under the higher-emissions scenario, many July and August days are projected
by mid-century to be substantially hotter
than today, thereby reducing the crop’s
yield and quality.

State College •

• Pittsburgh

Dairy farming is the most economically important agricultural
industry in Pennsylvania. Under the
higher-emissions scenario, dairy farmers face
substantial challenges later this century as
hot temperatures and heat stress depress milk
production.
Suitable forest habitat for maple,
black cherry, hemlock, and others is
expected to shift northward by as
much as 500 miles by late century under the
higher-emissions scenario. This will threaten
tourism as well as lucrative timber such as
world-renowned black cherry.

Warming climate and shifting distributions and quality of forest habitat is
expected to cause substantial changes
in bird life. As many as half of the 120 bird species modeled in Pennsylvania could see at least
25-percent reductions in their suitable habitat.
Species at greatest risk include the ruffed grouse,
white-throated sparrow, magnolia warbler, and
yellow-rumped warbler.
As global warming drives up air
temperatures and changes precipitation patterns, altered seasonal stream
flows, higher water temperatures, and diminished
shade along stream banks may follow. The native
brook trout and smallmouth bass are particularly
sensitive to such changes.
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The choices we make today will determine the climate that our
children and grandchildren inherit. This report portrays two
possible futures: a higher-emissions scenario, characterized by
continued heavy reliance on fossil fuels; and a lower-emissions
scenario, marked by a pronounced shift away from fossil fuels
toward greater reliance on clean energy technologies.

• Scranton

Solar energy could help to meet
electricity demand during heavyuse periods and is readily available
for deployment in homes and businesses.
Pennsylvania has more than five times the
solar energy potential of neighboring New
Jersey, yet only 1/40th as much installed
solar-electric capacity.
Energy efficiency in homes and
businesses—both new and old
—has large potential to reduce
emissions as well as energy costs. Pittsburgh
is already a national leader in green-building
technology, and many of the state’s academic
institutions are going green.
Reducing emissions from cars and
trucks, which account for 25 percent
of the Keystone State’s total emissions, requires: (1) better fuel economy; (2)
burning fuel with lower carbon content; and
(3) reducing vehicle miles traveled through
smarter development policies and improved
public transportation.
Existing coal-fired power stations
may substantially reduce their heattrapping emissions by replacing
some of the coal with biomass such as wood
chips or other wood waste. Trees and plants
absorb carbon as they grow, and during
burning they emit the same amount they
absorbed during their lifetimes.

Allentown •

• Harrisburg
•

Philadelphia

Under either emissions scenario,
the snow season is expected to retreat to the state’s highland regions
within just the next few decades. By late century, snow cover could be lost entirely in most
years. Both the ski and snowmobile industries
would be hard hit—snowmobiling harder at
first, because it relies heavily on natural snow
to cover the trails. Rising winter temperatures
are expected to eventually render snowmaking infeasible.



SOLUTIONS. Pennsylvania generates
1 percent of the world’s heat-trapping
emissions. Significant reductions in the
state are essential to achieving deep
reductions in CO2 levels nationally—
80 percent below 2000 levels by 2050,
as many scientists have called for.
Pennsylvania can meet this challenge
by reducing emissions in many areas.
Pennsylvania has abundant wind
resources. Some large-scale wind
installations are in place around the
state, especially in the northeast
and southwest, but this renewable resource
remains largely untapped.

Carbon capture and storage, a
potential technique for capturing
emissions from coal-fired power
plants and storing them underground, has
not yet been proven viable. There may be
promising sites in many parts of the state,
however, for pilot projects.
A rapid transition to a clean energy
economy will not happen without
strong policies implemented at
the municipal, state, and federal levels. For
example, setting a price on carbon to help
drive the market for clean energy is critical.
A clean-energy economy will bring
strong investments and good jobs
to the state. This is already being
seen in the establishment of wind and solar
production plants, the growth in greenbuilding trades, and the emergence of associated maintenance and operations jobs 		
that cannot be done overseas.

Many of these symbols courtesy of the Integration and
Application Network (ian.umces.edu/symbols/), University
of Maryland Center for Environmental Science.
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Under the higher-emissions scenario, by late this century:

Pennsylvania’s silviculture (tree-growing) industry may face
major risks and long-term management challenges, particularly
under the higher-emissions scenario, as it attempts to adapt to
the eventual decline of habitat for economically important trees
such as black cherry. Park and wildlife managers could also face
changes in recreational opportunities and the loss of critical
wildlife habitats.

FORESTS
Pennsylvania acquired its name—Latin for “Penn’s woods”—
in the seventeenth century from its seemingly endless expanse
of ancient beech, hemlock, oak, and maple forests. Timber
harvesting had reduced forest coverage to its lowest point—
30 percent of the landscape—by the early 1900s, but Pennsylvania’s forests have been expanding ever since; currently, nearly
60 percent of the state is forested. These forests make Pennsylvania today’s number-one producer of hardwoods nationally,
support 90,000 jobs in more than 3,000 businesses from
sawmills to cabinet-making shops, and supply residents and
tourists alike with myriad opportunities for hiking, fishing,
birding, biking, hunting, and other outdoor pursuits.
Pennsylvania’s varied terrain and its position at a latitude
where northern and southern species mingle allow it to support
more than 100 native tree species. Most prevalent among them
are the hardwoods such as sugar maple, red maple, black cherry,
and red oak—which supply 90 percent of the state’s sawtimber—and softwoods such as eastern hemlock, white pine, and
red pine. These forests have remained vital to the state’s economy and identity over the past several centuries. But the character of Pennsylvania’s forests and their contribution to its
economy are poised to undergo major changes this century,
depending on our emissions choices.
Climate plays a major role in determining suitable habitat
for trees, as well as for other plants and wildlife. But as the
climate warms, the areas that best meet each species’ requirements will shift northward by as much as hundreds of miles.

• Hemlock (the state tree) is projected to lose two-thirds of its
current suitable habitat. Under the lower-emissions scenario
it could lose less than half.
• Suitable habitat for the black cherry tree is expected to
disappear from the state altogether. Possibly the most
economically important tree species at risk, black cherry,
currently supports a thriving timber and veneer industry.
• Suitable habitat for signature species such as sugar maple
and American beech—both of which provide brilliant fall
foliage—is projected to decrease.
• As many as half of the 120 bird species examined in
Pennsylvania could see at least 25-percent reductions in
their suitable habitat because of changes in climate and
vegetation.
Because long-lived trees may persist for many decades in
declining conditions, it remains highly uncertain what Pennsylvania’s forests will look like by late century. Some degree

Skiing and snowboarding are better positioned than snowmobiling to adapt because resorts do not have to rely solely on natural
snow. However, by mid-century warming temperatures could
render snowmaking infeasible during much of the winter.
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of change in the landscape, however, is certain, with quite
substantial change expected in a higher-emissions future.

WINTER RECREATION
Millions of residents and tourists alike head for the woods and
hills of Pennsylvania each winter, lured by more than 30 ski
areas and 3,000-plus miles of public snowmobile trails. Winter
recreation in the Commonwealth, from sledding in the city
parks of Pittsburgh to riding horse-drawn sleighs through the
frosty woods of the Poconos, traditionally revolves around
snow. However, the face of winter in Pennsylvania is expected
to change rapidly and profoundly this century as winter
temperatures continue to rise.
Climate change is projected (both under lower- and higheremissions scenarios) to cause a dramatic decline in the average
number of snow-covered winter days across the state. Under
either emissions scenario, the snow season is expected to retreat
to the highland regions within just the next few decades. By
late century it could be lost entirely in most years under the
higher-emissions scenario. If lower emissions prevail, small,
high-elevation areas of the state may preserve a modest snow
season throughout this century, but projections show a
similarly rapid decline elsewhere.



In the next several decades, under either emissions scenario:

• The north-central region, which currently averages 18 days
each winter with snowmobiling conditions (at least six
inches of snow on the ground) could be reduced to a season
of nine days on average.
• Only western Pennsylvania ski areas may remain viable, and
even they may be economically vulnerable.
By mid-century under either emissions scenario:

• Snowmobiling conditions are projected to diminish
markedly, causing the snowmobile industry—which pumps
an estimated $160 million into the Pennsylvania economy
each winter—to all but disappear.  
• As temperatures warm and snowmaking becomes increasingly difficult, Pennsylvania is no longer expected to support
viable ski operations.
The heavy costs to winter recreation industries could
reverberate throughout the state’s economic sectors, particularly tourism. Loss of other treasured winter pastimes, from
snowshoeing and cross-country skiing to tubing and sledding,
may have less impact on the economy than on the state’s
quality of life during its wet but increasingly snowless winters.

How Can Pennsylvania Meet the Challenges of a Changing Climate?

F

rom the Declaration of Independence to the steel
used for the country’s first railroads, Pennsylvania—
the Keystone State—has a long history of laying our
nation’s foundations. By reducing heat-trapping
emissions today, Pennsylvanians have a new historic opportunity: to set a national example of helping to protect our children and grandchildren from the most severe consequences of
climate change. At the same time, effective adaptation strategies are needed to help reduce the vulnerability of Pennsylvania’s
residents, ecosystems, and economies to those changes that are
now unavoidable.
Here in Pennsylvania, across the country, and around the
world, there is growing momentum to meet the climate challenge. State legislation passed in 2008, for example, requires
the appointment of a permanent climate change advisory
committee, periodic assessment of climate impacts, an annual
inventory of the state’s heat-trapping emissions, and the development of a comprehensive climate change action plan. Concerted
and sustained state efforts to reduce emissions—on the order
of 80 percent below 2000 levels by mid-century and just over
3 percent per year on average over the next several decades—
could help pull global emissions below the lower-emissions
scenario described here.
Of course, the state’s actions alone will not be sufficient
to avoid dangerous climate change, but Pennsylvania generates

1 percent of global emissions—half as much as the United
Kingdom, which has five times the population. If the United
States and the world are to achieve the scale of emissions reductions needed, the state should figure prominently in a transition to a clean energy future—vigorously improving efficiency
in buildings and industry to reduce energy demand while
aggressively promoting a shift away from carbon-intensive coal
toward an increasingly clean mix of low-carbon and renewable
energy options. As a leader in technology, industry, and policy
innovation and as a major source of heat-trapping emissions,
Pennsylvania is well positioned to drive national action to
reduce emissions.

1. Emissions reductions
The Commonwealth and its municipal governments, in partnership with other states, businesses, civic institutions, and the
public, have a rich array of strategies and policies at their disposal to meet the climate challenge. These strategies and policies
can reduce emissions in the following sectors:
Electric power. Because Pennsylvania has substantial coal
resources, it is not surprising that over 40 percent of the state’s
total CO2 emissions come from electricity generation, of which
fully one-third is exported to other states on the East Coast.
What probably is surprising is that Pennsylvania has some of
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the most abundant, but largely untapped, renewable energy
resources in the U.S. Northeast, including wind, solar, and
forest and agricultural biomass.
Although the state enacted a requirement in 2004—called
the Alternative Energy Portfolio Standard (AEPS)—that local
utilities obtain 8 percent of their electricity by 2020 from clean,
renewable resources, this percentage is modest compared with
those of many other states and should be substantially increased.
Such an increase would be consistent with Pennsylvania’s
recognition that clean energy development can bring jobs and
capital investment to the state. In recent years, for example, at
least two renewable energy enterprises have located in the state:
the Spanish wind-energy company Gamesa established its U.S.
headquarters in Philadelphia, invested $84 million, sited two
manufacturing facilities and another office in the state, and
created nearly 1,000 jobs; the German company Flabeg chose
Allegheny County for its first U.S. solar-mirror production
facility, which is expected to create 300 manufacturing jobs.
Another underused resource is energy efficiency. With caps
on electric rates established during utility deregulation scheduled to begin expiring in 2009, implementation of strong
energy efficiency programs throughout the Commonwealth
could substantially dampen the impact on electric bills while
reducing emissions.
Perhaps Pennsylvania’s toughest challenge is decreasing its
dependence on coal for electric power. Coal is currently the
cheapest of the fossil fuels used to generate electricity, but it is
also the most carbon-intensive. Assessments have shown that
Pennsylvania has large potential for geologic sequestration,
whereby CO2 emissions from power plants would be captured
and then stored permanently underground—an option called
carbon capture and storage (CCS). More research and the
development of pilot projects will be required to establish
CCS’s technical and financial viability. To avoid undermining
its own and neighboring states’ efforts to reduce emissions, the
state should permit no new coal-fired plants to be built until
CCS is established.

figure 5:

Another needed improvement to the state’s AEPS—which
could help support the development of CCS technology—is to
require that any nonrenewable resources used to meet the electricity standard be carbon-neutral via geologic sequestration or
offset purchases by 2025. To assist in the near-term transition
away from coal-fired electricity, the state’s electricity generators
could begin co-firing sustainable biomass (such as timber
processing residues) with coal in existing power plants, thus
reducing the carbon content of the fuel.
Buildings. Enactment during the 2008 legislative session of a
$650-million suite of grant and loan programs—to support
energy efficiency upgrades and installation of renewable energy
equipment on residential, commercial, institutional, and
industrial buildings—was a very positive step. Implementation
efforts should draw on the experience of successful pioneering
initiatives such as the West Penn Power Sustainable Energy
Fund and the Keystone Home Energy Loan Program, as well
as on the Pittsburgh area’s wealth of expertise in green building
design, construction, technology, and related products. This
region of the state has embraced green building, both for its
primary benefits and as an economic development strategy,
through systematic collaboration between the local design,
construction, manufacturing, and higher-education sectors.
Adopting a requirement that any building substantially
funded by the state be built to high “performance” standards
would make Pennsylvania and its municipal governments
leaders by example. At the same time, financial support for
additional education and training for architects, engineers,
builders, and local code officials would help speed the proliferation of these practices throughout the state.
Transportation. To reduce emissions from cars and trucks—
which account for 25 percent of Pennsylvania’s total carbon
emissions—state efforts must simultaneously address three
critical components: vehicles’ fuel economy and emissions, the
carbon content of fuels, and the amount of driving that Penn-

2005 Pennsylvania Emissions: Significant on a Global Scale
When compared with entire nations,
Pennsylvania’s emissions are so high that
this single state ranks as the world’s twentysecond largest emitter of CO2. Pennsylvania’s
total emissions are higher than those of New
York State and Wyoming combined, while its
per capita emissions are more than double
those of New York State.
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Note: U.S. emissions include those from the nine Northeast states,
and Northeast emissions include those from Pennsylvania.
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Source: Energy Information Administration. 2005.
International energy annual 2005.
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For example, loans and grants will be available to support the
installation of wind turbines and geothermal heat pumps, as
well as solar electric and solar thermal equipment, for which
the large and unobstructed roof areas of industrial and institutional buildings are often well suited. The law also created an
Alternative Energy Production Tax Credit, which can further
subsidize the cost of such installations.
The state already has a jump on institutional leadership
of this kind. More than 50 of the state’s academic institutions,
both large and small, have joined together in a consortium to
support and expand greening programs on campus. This innovative effort can be significantly strengthened, as there are a
great many opportunities for reducing energy use in campus
buildings and vehicle fleets, securing electricity from renewable
energy, educating the student body, and pursuing other
emissions-reducing activities.

sylvanians do. While the Keystone State has adopted California’s tailpipe-emissions standards for new vehicles (which would
require reductions of approximately 30 percent below 2002
levels by 2016, beginning with the 2009 model year), implementation has been held up by an adverse decision by the U.S.
Environmental Protection Agency. In the meantime, more
state-government “leadership by example,” together with incentives for businesses and individuals to purchase currently available low-emissions vehicles, could address the first component
of a cleaner transportation policy.
The recently enacted production incentives and per-gallon
content requirement for biodiesel and cellulosic ethanol in
transportation fuels could help reduce emissions while supporting the state’s farm economy. But the Department of Agriculture must ensure a full accounting of life-cycle emissions per
unit of energy delivered and guard against adverse consequences
for land use, water resources, and food supply. Finally, to influence the number of miles Pennsylvanians travel, policy makers
should revisit the 2006 Pennsylvania Transportation Funding
and Reform Commission’s promising recommendations regarding integration of transportation-infrastructure funding with
land-use and economic development policies, as well as those
designed to stabilize and reform public transit system funding.
Industries and large institutions in Pennsylvania should take
full advantage of the variety of programs and incentives created
by the 2008 state legislation—in particular, those that encourage industries and large institutions to make investments in
alternative energy systems and energy efficiency upgrades that
help control their energy costs while reducing their emissions.

Forestry and agriculture policies in Pennsylvania can be
designed to promote cost-effective management practices and
systems that reduce emissions. The Commonwealth’s Carbon
Management Advisory Group, convened by the Department
of Conservation and Natural Resources, made many specific
recommendations in its 2008 report along these lines that
can guide future policy development. Notably, the top policy
recommendation for the forest sector—to reduce the rate of
forested land conversion for development—is aligned with the
transportation sector’s imperative to arrest sprawling development patterns. In the agriculture sector, a highly practical and
cost-effective strategy—capturing and using the methane from
animal waste as a power source—is already being successfully
employed on many farms throughout the state.

2. A State-Federal Partnership
Although Pennsylvania and its municipalities can achieve
much with their own policies and resources, the scale of emissions reductions required suggests a strong role for the U.S.
government. Federal climate policy, for example, can set a
national price on carbon, making power plants that capture
and store CO2 emissions more cost-competitive in the marketplace. Carbon-policy options currently being debated in Congress might also generate resources to assist with reasonable
transitions for coal miners and coal-dependent communities.
Complementary federal policies, such as a national renewable
electricity standard or stringent fuel-economy standards, may
help stimulate energy and transportation solutions at the state
level. And federal resources devoted to continued climate
monitoring and assessments can provide essential information
for use by states and communities in devising and implementing adaptation plans. Pennsylvania’s U.S. senators and representatives must therefore support strong federal climate and
energy policies that will help the state reduce emissions, transition to a promising clean energy economy, and prepare
for the climate change that will occur in the interim.
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Scientists and Economists Call for Reductions in Heat-trapping Emissions

S

everal dozen Pennsylvania scientists and economists
have joined more than 1,700 other Ph.D.s in climaterelated science and economics across the United States in
calling for swift and deep reductions in the heat-trapping
emissions that cause global warming. The Pennsylvanians
come from more than 20 institutions across the state, and
join six Nobel laureates, 30 members of the U.S. National
Academy of Sciences, and more than 100 members of the
Intergovernmental Panel on Climate Change (IPCC) in this
first-of-its-kind appeal by both scientists and economists.
The scientists warn policy makers of the growing
risks of climate change, including sea-level rise, heat
waves, droughts, floods, disease, and species extinctions.
The experts’ statement calls for reducing U.S. global
warming pollution 80 percent below 2000 levels by 2050.
Their recommended first step is reducing emissions 15
to 20 percent below 2000 levels by 2020.
The Pennsylvania Climate Change Act, passed in mid2008, does not specify any near or long-term targets for
emissions reductions, but it does call for an advisory committee to report on potential climate change impacts on
Pennsylvania’s weather, economy, forests, recreation,

3. Adaptation
Because global warming is already upon us and some amount
of additional warming is inevitable, adapting to higher temperatures is now an essential strategy along with efforts to
reduce emissions. Delay in reducing emissions increases the
costs and limits the feasibility of adaptation, while taking
aggressive steps to reduce emissions improves the likelihood
that ecosystems and societies will be able to find effective
ways to adapt.
Decision makers should first draw on our best scientific
understanding of climate change and societal vulnerabilities,
and then carefully consider the likely efficacy and broader

Two Brattle Square
Cambridge, MA 02238-9105
Phone: (617) 547-5552
Fax: (617) 864-9405
Email: ucs@ucsusa.org
Web: www.ucsusa.org

agriculture, and tourism. The advisory committee will
outline the economic opportunities created by emerging
technologies designed to reduce emissions and will
produce a climate change action plan for Pennsylvania.
This and other legislation on the horizon provide an
opportunity for Pennsylvania to respond to the threat
of climate change with emissions reductions commensurate with the challenge.
Economists point out that the costs of inaction would
be devastating and that acting promptly is the most costeffective way to limit the most dangerous consequences
of climate change. Studies show that efforts to cut
emissions to safe levels would cost between 1 and 2
percent of gross domestic product (GDP), while allowing
climate change to proceed unabated would cost 10 to 20
percent of GDP. Implementing smart reduction strategies
now will allow the economy to grow, generate new
domestic jobs, protect public health, and strengthen
energy security.
(For the U.S. scientists and economists’ statement and the
list of signatories, go to www.ucsusa.org/climateletter.)

implications of available adaptation strategies. For each
adaptation measure considered, decision makers must carefully assess the potential barriers, costs, and unintended
social and environmental consequences.

Conclusion
Global warming represents an enormous challenge, but we
can meet this challenge if we act swiftly. The emissions choices
we make today in Pennsylvania and throughout the nation and
the world will shape the climate that our children and grandchildren inherit. The time to act is now.

This document summarizes key findings from the report Climate Change in Pennsylvania:
Impacts and Solutions for the Keystone State, a collaborative effort between the Union of Concerned
Scientists (UCS) and a group of independent experts that assesses how global warming may further
affect the climate, economy, and quality of life in Pennsylvania and explores options for meeting
the challenge. The goal of this work is to combine state-of-the-art analyses with effective outreach
to provide opinion leaders, policy makers, and the public with the best available science upon
which to base informed choices about climate change mitigation and adaptation.
For more information on climate change impacts and solutions in Pennsylvania,
and to download a copy of the report, visit www.climateimpacts.org/pa. For more information
on the science underpinning this work visit www.northeastclimateimpacts.org/pa.

Printed
on
reycled
paper
using
soy-based
inks.

© 2008 Union
of Concerned
Scientists

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

The Changing Northeast Climate
O u r c h o i c e s, o u r l e g a c y
Across the Northeast, from Pennsylvania and
New Jersey northward to Maine, signs of our rapidly changing climate
become clearer each year. Records show that spring is arriving sooner,
summers are growing hotter, and winters are becoming warmer and less
snowy. These changes are consistent with global warming, an increasingly
urgent phenomenon driven by heat-trapping emissions from human activities. New state-ofthe-art climate research shows that if global warming emissions continue to grow unabated,
the Northeast can expect dramatic temperature increases and other climate changes over the
course of this century. If the rate of emissions is lowered, however, projections show the
changes will be significantly smaller. Emissions choices we make today—in the Northeast
and worldwide—will help determine the climate our children and grandchildren inherit,
and shape the consequences for their economy, environment, and quality of life.

Figure 1:
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The Northeast is already experiencing rising temperatures, with dramatic warming expected later this century if our heat-trapping emissions continue to increase
unabated. How high temperatures rise depends on the emissions choices we make
next, in the Northeast and globally. These thermometers show projected increases
in regional average summer temperatures for three time periods: early-, mid-, and
late-twenty-first century. Temperature ranges reflect the results of three different
state-of-the-art climate models.
Photos at left: © Associated Press, except skier (© Jodi Hilton).

Associated Press
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T

he nine states clustered in the northeastern corner
of the United States form a diverse region famous
for its bustling urban centers and quaint historic
towns, peaks and pastoral landscapes, rocky shores
and sand beaches. The character of the region is also defined
by its distinct climate. A striking seasonal cycle punctuated
by extreme events such as ice storms, floods, and nor’easters
helps shape daily life. Within each season, the region is famous
for weather that changes rapidly from one day (or even hour)
to the next, and from year to year, average conditions can
vary widely. However, the general climate patterns of the
Northeast have remained fairly consistent since Europeans
first landed on our shores. Lifestyles, communities, and the
regional economy—to say nothing of the region’s vital ecosystems—are accustomed to these conditions and the annual
promenade through the seasons. In recent decades, however,
the characteristic climate of the region has begun to change
beyond what we have experienced in previous centuries.
The Northeast’s climate is now changing rapidly. Patterns
familiar to residents since recordkeeping began, including the
arrival of the seasons, duration of snow cover, and timing of
lake and river ice breakup, have been broken and new trends
have begun to emerge. The average temperature, for instance,
rose gradually over much of the twentieth century, then at an
accelerated pace in recent decades, with winter temperatures
rising 3.8 degrees Fahrenheit (°F) between 1970 and 2000.
With this rate of change, winter conditions familiar to
residents of Massachusetts, for example, during most of the
twentieth century have been replaced in the last several decades
by a winter climate more typical of Pennsylvania.

If global warming emissions continue to
grow unabated, the Northeast can expect
dramatic temperature increases over the
course of this century.
These regional changes are part of the broader global
warming trend. Today, virtually all scientists agree that the
planet is warming and that this warming is driven by
increasing levels of heat-trapping emissions (primarily carbon
dioxide) from human activities such as the burning of coal,
oil, and natural gas to generate electricity and fuel our cars.
According to new peer-reviewed research conducted with
state-of-the-art climate models, the Northeast should brace
for significant additional change, from higher temperatures
and shifting seasons to reduced snow cover and increases in
extreme weather. How large these changes will be, and how
different our future climate may be from the one we know,
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People living in urban areas, especially children, the elderly,
and the poor, are most vulnerable to rising heat.

depends on emissions choices we make now and in the near
term, both regionally and globally.
The research summarized here provides detailed projections of what the Northeast’s climate might look like during
the twenty-first century following two different emissions
scenarios or “pathways.” One possible future is a climate
driven by continued high emissions—a future where we
remain heavily reliant on fossil fuels, causing heat-trapping
emissions to rise rapidly over the course of the century.
Another possible future is a climate driven by lower levels of
emissions—a future in which we shift away from fossil fuels
in favor of clean energy technologies, resulting in declining
emissions by mid-century.
New projections show that climate changes already under
way will continue to accelerate on both the higher- and loweremissions pathways. However, these two pathways lead to
starkly different climate futures. The higher-emissions
pathway could result in dramatic regional warming of 7 to
12°F on average by the end of the century, while lower
emissions would cause roughly half this warming. To put these
projections into perspective, average global temperatures
during the last ice age (when the location of present-day New
York City was under a mile of ice) were 6 to 9°F cooler than
today. If we follow our current higher-emissions pathway, the
typical summer in upstate New York may feel like the present-
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By the end of the century, the
typical summer in upstate New
York may feel like the present-day
summer in South Carolina.

Figure 2:

Migrating State Climates

Massachusetts
Massachusetts

New Hampshire
New Hampshire

1961–1990

day summer in South Carolina by the end of the
century, while summers in New Hampshire could
feel like the current summer climate of North
Carolina.
A walk through the seasonal cycle below explores
the implications of climate change for the Northeast
in more detail.

Associated Press

Summer
The typical northeastern
summer is characterized
by warm, often humid
days. Summers tend to
bring heat waves of several
successive days over 90°F
and, in much of the
region, the occasional sweltering day above 100°F,
when inhabitants seek cool relief at the beach, the
air-conditioned office, the public pool, or the movie
theater.
The typical summer, though, has already begun
to change, with average summer temperatures rising roughly 1°F across the region since 1970 and
the number of extremely hot days increasing slightly. Over the next few decades (2010 to 2039), increases in summer temperatures from 1 to 3°F are
expected on both the lower- and higher-emissions
pathways because of heat-trapping emissions already released into the atmosphere. By mid-century
(2040 to 2069), the significance of the emissions
choices we make today will become clearer, with
higher emissions leading to distinctly hotter summer
temperatures (Figure 1). In the latter part of the
century (2070 to 2099), higher emissions lead to
summer temperature increases between 6 and nearly
14°F—double the increase projected for the loweremissions pathway.
Heat index. Heat index, which combines
temperature and humidity to capture how hot
weather conditions actually feel, provides a useful
measure of summer climate in the region. Thus, on
a day when the thermometer reads 80°F, conditions
can feel even warmer depending on the amount of
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Changes in average summer heat index will strongly alter how
summer feels to residents of the Northeast. Red arrows track what
summers in, for example, the NYC Tri-State Region (the greater New
York City metropolitan region, encompassing parts of New Jersey and
Connecticut) could feel like over the course of the century if we follow
a higher-emissions pathway. Yellow arrows track what states could
feel like on a lower-emissions pathway, demonstrating that our
emissions choices make a difference.

t h e c h a n g i n g N o r t h e a s t C l i m at e

l

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Figure 3:

Extreme Heat in Our Cities
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Nearly 14 million people live in the bustling urban centers of the Northeast—and everyone feels the heat when summer
temperatures soar into the 90s. Amplified by the urban heat island effect, the number of days over 90˚F is projected to
increase over the course of the century until, by the end of the century, some cities could experience nearly an entire
summer of above 90˚F daytime heat. Projections also show a dramatic increase in the currently small number of blistering
days over 100°F (shown in boxes). The good news is that reducing our emissions today will help lower the number of
dangerously hot days significantly. Projections represent the average of three climate models.

humidity in the air. Over the course of the century, as the air
warms and is able to hold more moisture, rising summer
temperatures across the region are likely to be amplified by
rising humidity. With higher emissions, summer days in some
states may feel as much as 20°F warmer than today. In
contrast, the lower-emissions pathway produces significantly
smaller increases. Changes in specific state climates, measured
in average summer heat index, are illustrated in Figure 2.
Extreme heat. While summer heat affects us all, extreme
heat is a particular concern in big cities. Hot temperatures
intensified by the urban heat island effect can create dangerous
conditions, especially for the elderly, infants, the poor, and
other vulnerable populations. With higher global warming
emissions, projections show dramatic increases in the number
of days over both 90 and 100°F. By mid-century, the large
northeastern cities shown in Figure 3 are expected to experience a tripling in the number of days over 90°F. In the latter
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part of the century, most of these cities could experience more
than 60 days per year with temperatures topping 90°F, and
some cities as many as 80 days. With lower emissions, roughly
half this increase is expected. These cities currently endure,
at most, two days of 100°F weather in the average summer.
With higher emissions, all but one of these cities are projected
to experience more than 20 such days each year by the end of
the century. By contrast, these cities would experience around
six days per year at this extreme with lower emissions.
These projections show that conditions dangerous to
human health could become commonplace in most of the
region’s major urban centers over the course of this century.
In a region where 25 percent of the population resides in
urban areas, the difference that lower global warming
emissions could make becomes clear. Though temperatures
rise on either emissions pathway, lower emissions would create
significantly smaller increases in extreme heat.
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In addition, the summer season is likely to expand in the
Northeast, with characteristic summer weather arriving three
weeks earlier in the spring and extending three weeks later
into the fall if we follow the higher-emissions pathway. For
many in the Northeast, longer summers might appear at first
to be a positive change. But summers defined by the oppressive
heat projected for the region clearly pose difficult challenges.
How will these temperatures affect daily life in the region?
How will the health of vulnerable groups such as the elderly,
the very young, and the poor be affected by extreme heat?
How readily can people adapt by, for example, outfitting older
housing stock with adequate air conditioning? How will our
energy infrastructure cope with a major increase in demand
for cooling? While the Northeast will need to face these
questions on some level regardless of its choice of emissions,
a future climate driven by higher emissions poses starkly
greater challenges.

Rick McKenzie

Fall
Perhaps more than any other season, fall captures the unique character of the Northeast, ushering in
brisk days, iconic harvests, brightly
colored landscapes, and flocks of
tourists. From an ecological perspective, fall is an important transition period. Its cooling temperatures and shortened days send
a signal to many plant and animal species to prepare for the
dormant winter months; in trees, these changes help produce

the vibrant colors of the region’s fall foliage. With higher
global warming emissions, projections for the fall months
show increasing temperatures and a three-week delay in
the arrival of typical cool fall weather toward the end of

Most major Northeast cities currently
experience no more than two days of
100°F weather in the average summer,
but on a higher-emissions pathway that
number could rise to more than 20 days.
the century. The effects will likely be felt across the landscape, e.g., in our ecosystems, by agriculture, and by the
tourism industry.
Fall is also a time when streamflow in northeastern
waterways is typically replenished. Many rivers and streams
in the region experience periods of reduced flow during the
summer, creating low water levels and putting stress on fish
and other aquatic creatures. During the fall, streamflow
increases and conditions improve. With higher emissions,
however, projections show that stressfully low water levels
could occur nearly a month earlier in the summer and persist
almost a month longer into the fall. The low-flow period is
expected to expand with lower emissions as well, by roughly
two additional weeks in fall. As the frequency of extremely
low, even dry, riverbeds increases in the fall months, the stress
for plants and wildlife dependent on the return of normal fall
streamflow also increases.

Increasing Drought in the Northeast

Melissa Laser, Maine Atlantic Salmon Commission

From Pennsylvania north to New York and Vermont and eastward
to Maine, the Northeast is known for rolling green hills and lush
pastures. It is not commonly associated with drought, but periods of
short (one- to three-month) seasonal droughts do affect much of the
region once every two or three years on average. Longer droughts
(more than three months) are currently infrequent, affecting parts of
the region only once every 20 or 30 years.
   On a higher-emissions pathway, a short seasonal drought can
be expected every year in most of New England by the end of this
century, while the frequency of longer droughts could triple to once
every 6 to 10 years in parts of New York, Pennsylvania, and Maine—
the region’s key agricultural states. On a lower-emissions pathway,
the risk of drought is projected to be only slightly greater than today.
Drought creates increased competition for limited water resources,
agricultural crop damage, ecosystem stress, and risk of wildfire.

Scientists monitor low water levels in Maine’s Sheepscot
River during a three-year drought. Survival rates for fish
such as salmon and trout diminish when water levels in
rivers and streams are dangerously low.
t h e c h a n g i n g N o r t h e a s t C l i m at e
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Figure 4:
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A brief recurrence of warm summer days during the fall
months is fondly welcomed as “Indian summer” by many in
the region. But the projections outlined here do not describe
a pleasant, extended summer season. Instead, they suggest the
continuing encroachment of hot, dry summer days into the
historically cool time of fall, creating conditions outside the
experience of people and ecosystems in the Northeast.

The Changing Face of Winter

Winter
Communities in the Northeast
brace for change with the approach
of winter. Entire warm-weather
industries close down and coldweather operations, from skiing to
snow removal, roll into action. People contend with snow, ice, and the
deep chill of winter in various ways, from retreating indoors
to embracing winter recreation. Despite the occasional hard
winter, though, winter has softened its grip on the region in
recent years. Since 1970, winter temperatures have already
increased at an average rate of 1.3°F per decade, and measurable changes such as reduced snow cover and lake ice
duration have occurred across the winter landscape.
In the next few decades, further winter warming of
2.5 to 4°F is expected across the region. By mid-century,
higher global warming emissions drive greater temperature
increases—between 4 and 7°F warmer, as compared with 3.5
to 5°F warmer under lower emissions. By the end of the

By the latter part of this century,
higher emissions will cut by half the
number of snow-covered days across
most of the region.
century, between 8 and 12°F of winter warming can be
expected with higher emissions; increases between 5 and
7.5°F are expected with lower emissions.
Warmer winter temperatures can mean less natural snow
cover, and many in the Northeast have already recognized such
a trend. Records from the mid-twentieth century through
2000 show that the number of snow-covered days across the
Northeast has decreased significantly. Less precipitation has
fallen as snow and warmer temperatures have melted the snow
more quickly. At the same time, the snow on the ground has
become wetter and heavier (more “slushy”) on average. Winter
precipitation in the future is likely to increase, with the
potential for slightly greater increases on the higher-emissions
pathway. However, this is unlikely to mean more white winters
but rather more winter rain.
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On a higher-emissions pathway, far less of the Northeast 		
will experience a typical snow season toward the end of
the century. The red line in this map captures the area of the
northeastern United States that, historically, has at least a
dusting of snow on the ground for at least 30 days in the
average year. The white area shows the projected retreat of
this snow cover by century’s end, suggesting a significant
change in the Northeast’s winter character.

Of course, snow cover is far from uniform across the
Northeast. In Pennsylvania, the number of days with at least
a dusting of snow on the ground is typically between 20 and
45 per year, whereas certain parts of northern New York,
Vermont, New Hampshire, and Maine are under snow cover
nearly the entire winter. Over the course of this century, the
number of snow-covered days is projected to decline in all of
the northeastern states. If we follow the higher-emissions
pathway, the northern part of the region can expect half the
typical number of snow-covered days by late in the century—
fundamentally changing the winter landscape and threatening
winter recreation opportunities (especially where artificial
snow making is not an option). By contrast, lower emissions
would result in a 25 percent reduction in snow-covered days.
Thus, while some winter warming and reduced snowfall
appears inevitable, the most extreme change is not.

Spring
As winter turns to spring, the Northeast welcomes the arrival of mild
weather and a landscape reawakening to life. The blooming of certain
flowers, the budding of leaves on
trees, the disappearance of snow
from the ground and ice from lakes
and rivers, and the return of robins are all regional hallmarks
of winter’s end. Across the Northeast, changes in these
indicators over the past several decades suggest that spring is
already arriving sooner. For example, the dates on which the

In Rochester, NH, heavy rains flooded the Axe
Handle Brook, leading to this bridge collapse. Extensive flooding in May 2006 in south and central New
Hampshire resulted in millions of dollars in damage
and disaster aid to residents. Global warming is
expected to increase the occurrence and severity
of extreme precipitation in the Northeast.

Associated Press
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first blooms typically appear on lilacs, honeysuckle,
and other well-known species are four to eight days
earlier than in the 1960s. Long-term records for the
northern part of the region also show lake ice melting
an average of nine days earlier and river ice breaking
up an average of 11 days sooner than the twentieth
century average.
In the coming years, many indicators of spring
are expected to arrive even earlier, tracking the rise in
temperatures during the late winter and spring months.
Measured by the dates on which the first leaves and
blooms typically appear on various species, spring is
projected to start two days earlier each decade if we
follow the higher-emissions pathway, meaning that spring
will arrive almost three weeks earlier by the end of this century.
On the lower-emissions pathway, the changes are not as
dramatic, culminating in a one- to two-week early arrival.
Spring will not only arrive earlier, but also likely end

Sea-Level Rise
As global temperatures continue to rise, the oceans are warming
and expanding while ice sheets and glaciers are melting more
rapidly, causing increased amounts of fresh water to flow into
the sea. The net result is global sea-level rise, which has regional
implications. As oceans rise, the risk of permanent inundation
of low-lying coastal land increases. At the same time, the risk
of major wave and flood damage resulting from coastal storms
raging on top of rising seas also increases.
   On the higher-emissions pathway, both global sea level
and sea level in the Northeast are expected to rise between
eight inches and three feet by the end of the century. However,
there is considerable uncertainty about the stability of some of
the planet’s major ice sheets. It is possible that heat-trapping
emissions and the resulting temperature increases in this century
will exceed the threshold beyond which we can no longer
prevent the complete meltdown of the massive Greenland and
West Antarctic ice sheets. Such rapid disintegrations of major ice
sheets have occurred in the past, but our scientific models are
currently unable to predict them. Collapse of the Greenland and
West Antarctic ice sheets could cause global sea level to rise
more than 20 feet over several centuries. The emissions choices
we make today may therefore determine whether—or when—
this critical threshold is crossed.

sooner. By the end of the century, higher emissions may cause
hot summer conditions to arrive more than three weeks earlier
than today.
Ecologically, spring means plant growth and animal
migration and mating, with the life cycles of many plant and
animal species closely synchronized. Significant changes in
temperature can disrupt these relationships. The early emergence of leaves and insects, for instance, can pose significant
challenges to insect-eating bird species whose northward
migration is timed according to the length of the day rather
than temperature. In the future, by the time these birds arrive
in the Northeast, their main food source (insects) may
have already peaked in number, driven by higher spring
temperatures, and may not be abundant enough to support them.
Spring precipitation is an integral part of the season, as
the saying “April showers bring May flowers” suggests, but
extreme precipitation can cause tremendous damage and
disruption to our ecosystems, homes, businesses, and public
infrastructure. Though extreme precipitation can occur in
any season, heavy rains in spring can be compounded by
snowmelt, runoff, and seasonally high water levels in rivers,
sometimes resulting in severe flooding. Measurable increases
in the number of storms producing heavy rainfall have already
occurred across the Northeast in recent decades, and both
average and extreme precipitation are expected to continue to
increase. While extreme precipitation can be measured in many
ways, each of the commonly used definitions shows future
increases in the frequency of these events. Similar increases
are expected on both the lower- and higher-emissions
pathways.
t h e c h a n g i n g N o r t h e a s t C l i m at e
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Choices and Solutions

By reducing our emissions now, we
can prevent the more severe consequences
of global warming and ensure a more
promising future for our children and
grandchildren.
by continuing to increase industrial and building efficiency,
switching to renewable energy sources such as wind and
bioenergy, and driving more efficient vehicles. These strategies
not only reduce emissions but also typically yield significant economic savings as well as health and environmental benefits.
One of the most promising options in the near term is
the full implementation of a strong “cap-and-trade” program
for heat-trapping emissions. Here again, northeastern states
have exhibited national leadership by joining together in a
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This 660-kilowatt
wind turbine went
online in Hull, MA,
in December 2001.
It is owned by Hull
Light, a municipal
utility.

Doug Welch

The emissions pathways available to us in the Northeast and
around the globe lead to sharply contrasting climate futures.
The choices we make today and in the coming years matter
greatly; they have the potential to help preserve—or fundamentally change—the natural, economic, and social
character of the Northeast. With leadership, innovation, and
commitment behind the actions we take, lower emissions
levels than those discussed here may be within our reach.
Without strong action, however, we could experience emissions levels as high or higher than those described here.
Since climate change is driven by global emissions, choices
made in the Northeast alone will not determine which climate
future comes to pass. But as a global leader in technology,
finance, and innovation, and as a major source of carbon
dioxide emissions, the Northeast is well positioned to spur
global progress with committed climate action. Individuals,
communities, businesses, and policy makers who choose to
pursue the complementary strategies outlined below can help
shape the climate our children and grandchildren will inherit.
Reducing heat-trapping emissions. The most
important and urgent step to curbing global warming and
limiting the consequences for our climate is reducing heattrapping emissions. The Northeast can achieve needed emissions cuts and build on its legacy of environmental leadership

cooperative effort to reduce carbon dioxide emissions from
power plants. This type of flexible program harnesses the
efficiency of the marketplace to achieve emissions reductions
in the most cost-effective manner. In the 1990s, the cap-andtrade approach proved successful at rapidly reducing acid rain
pollution affecting the Northeast. Now, with strong followthrough by the states involved, the Northeast’s current effort
can serve again as a national model for federal policy.
Coping with the consequences of climate change
that cannot be avoided. Preparing for unavoidable climate

change is a necessary complement to emissions cuts, requiring
careful integration of climate risks into both near- and longterm management strategies. For example, by improving
community intervention programs that provide assistance
during dangerous heat waves, we can reduce the health risks
to the most vulnerable populations. By minimizing pressures
on the environment that worsen the impact of climate change,
we can help sensitive ecosystems maintain their ability to cope
with a changing climate.
Because global warming is already upon us and some
amount of additional warming is inevitable, the Northeast
must prepare to cope with certain changes in our climate.
However, by reducing our emissions now, we can prevent the
more severe consequences and ensure a promising future for
our children and the generations to come.

This summary was prepared by the Union of Concerned Scientists based on Climate Change in
the U.S. Northeast, a report of the Northeast Climate Impacts Assessment (NECIA, 2006), and on two
studies by K. Hayhoe, C. Wake, and collaborators on the NECIA Climate Team: “Past and future changes
in climate and hydrological indicators in the U.S. Northeast” (published in Climate Dynamics) and
“Quantifying the regional impacts of global climate change” (in review at the Bulletin of the American
Meteorological Society). The NECIA is a collaboration between the Union of Concerned Scientists and
a team of independent experts to assess the effects of global warming in the Northeast United States.
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Abstract
Transmission pipelines function to transport petroleum products over long distances
to connect locations where these products are produced or refined to demand
centers. The development of Marcellus shale gas with hydraulic fracturing in
Pennsylvania has been accompanied by several proposals for new transmission
pipelines. At least eight of these proposed transmission pipeline projects will cross
the Delaware River Basin (DRB) to bring natural gas produced from the Marcellus
shale play to demand centers on the East Coast, or otherwise connect to the larger
petroleum products pipeline network. Each proposed interstate pipeline must
undergo a review by the Federal Energy Regulatory Commission (FERC), which
includes an environmental impact analysis. The potential environmental impacts of
pipeline construction include land cover change, deforestation, sedimentation and
erosion, water quality degradation, stream degradation, wetland loss, and air
emissions, among others. In this report, we investigate the cumulative land cover
change impacts for eight proposed transmission pipelines within the DRB, which
total 322 miles in length. Specifically, using geographic information systems (GIS)
methods, we investigated total land cover change, loss of forest and wetland area,
and stream crossings for the eight proposed projects. We found that during
construction, the pipelines’ rights-of-way will impact 2,977 acres, including roughly
1,060 acres of forest, and 41 acres of wetlands. The pipelines’ permanent rights-ofway will impact 1,328 acres, including roughly 450 acres of forest, and 22 acres of
wetlands. In addition, we identified 175 likely stream crossings where a proposed
pipeline route will cross a perennial stream.
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Executive Summary
The primary function of transmission pipelines for petroleum is to provide long
distance transport of liquid fuels to where there is demand for them. The planning
and construction of pipelines can be a long and complicated process because
pipelines and the land needed for their rights-of-way impact property owners, land
resources, water resources, air quality, and wildlife along the proposed routes. These
impacts may be magnified if multiple pipelines are built concurrently.
The rapid expansion of natural gas production due to the development of the
Marcellus shale with hydraulic fracturing has been accompanied by proposals for
new transmission pipelines. Although there is a moratorium on natural gas
development in the Delaware River Basin (DRB), at least eight proposed transmission
pipeline projects will cross the DRB in order to bring natural gas produced in the
Marcellus to demand centers on the East Coast, or otherwise connect to the larger
petroleum products pipeline network. Each proposed interstate natural gas pipeline
must undergo a review by the Federal Energy Regulatory Commission (FERC), which
includes an environmental impact analysis. The potential environmental impacts of
pipeline construction include land cover change, deforestation, sedimentation and
erosion, water quality degradation, stream degradation, wetland loss, and air
emissions, among others. The environmental analyses in the FERC approval process
document many of these potential impacts, and the proposed measures to mitigate
these impacts during construction and operation for each pipeline project. However,
the environmental analyses for the individual pipeline projects do not consider the
cumulative impact of multiple independent pipeline projects proposed concurrently
in the same geographic area – in this case, the DRB.
In this report, we investigated the cumulative land cover change impacts for
proposed transmission pipelines within the DRB. Specifically, using geographic
information systems (GIS) methods, we investigated total land disturbance, loss of
forest and wetland area, and stream crossings for eight proposed projects. This work
was funded by the Clean Air Council, which requested that CNA provide an estimate
of the land area affected by the eight proposed pipeline projects’ rights-of-way (ROW)
in the DRB and, especially, an estimate of the total forest area that could be lost as a
result of pipeline construction.
Figure ES-1 on the following page shows a map of the proposed pipeline routes
overlaid on forest and wetland area within the DRB.

iii
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Our results present information that is typical in pipeline environmental analysis,
but in new and useful ways. Notably, we present the land disturbance and forest loss
broken down by watershed, with totals for the entire DRB. In addition, we compute
the new cumulative disturbance area for eight proposed projects (with no doublecounting of area where pipelines are adjacent). These cumulative results, presented
by watershed, offer a more complete picture of the impact of the pipeline projects in
the DRB than the individual,
pipeline-specific
environmental
analyses can offer on their own.
We found that the land disturbance
results are very sensitive to the
stage of the development process
and proximity to other pipelines.
For instance, the land disturbance is
highest during construction, when a
wider ROW is needed for moving
equipment. After construction, a
smaller permanent ROW is affected,
and in some cases, a portion of the
permanent ROW may be allowed to
return to prior land uses, leaving a
smaller permanently cleared area. In
addition, pipelines that run adjacent
to existing pipelines, and can share
a portion of the existing ROW may
cause less land disturbance per mile
than new, or “greenfield” pipeline
projects.
Figure ES-1. Proposed pipelines and forest and
wetland areas in the Delaware River Basin

Overall, for the Delaware River Basin, we calculated the following impacts for the
eight proposed projects:


Total land disturbance during construction is 2,977 acres, of which roughly
1,050 are forest, and 41 are wetlands.



Total land disturbance for the permanent right-of-way is 1,328 acres, of
which roughly 440 are forest, and 22 are wetlands.



The proposed pipeline routes will require at least 175 stream crossings, of
which 92 potentially could be shared with existing pipelines.

iv
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The most significant impacts with respect to area of forest and wetland disturbance,
as well as stream crossings, will happen in the central part of the DRB, in the Lehigh
and Middle Delaware subbasins. This concentration of impacts is caused by the
Diamond East, Leidy SE, and especially the PennEast pipeline project (which accounts
for 40–50 percent of the total land disturbance area in the DRB) passing through a
similar corridor, which is heavily forested. Analyzing multiple pipeline projects
simultaneously allows easier detection of these types of concentrated impacts. The
body of the report contains many more tables, figures, and maps that break down
results by pipeline, county, and subwatershed in much more detail.
These results offer a clear picture of the potential scale of pipeline development
impacts on land cover across the Delaware River Basin, offering stakeholders a
significantly different view than they might receive when reviewing individual
projects. In the future, similar methodology may be used to investigate impacts in
other geographic areas of interest. Or, these results could be used to conduct followon analyses of secondary impacts of pipeline infrastructure development in the DRB
such as forest fragmentation, or water quality pollutant loadings.
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Glossary
DRB
EIS
GIS
FERC
HDD
NHD
NLCD
ROW
USGS

Delaware River Basin
Environmental Impact Statement
geographic information systems
Federal Energy Regulatory Commission
horizontal directional drilling
National Hydrography Dataset
National Land Cover Dataset
Right-of-way
United States Geological Survey

ac
ft
mi

acres
feet
miles

easement

Legal term to describe the holding of land area to ensure access
to pipelines (see “right-of-way”).
Small diameter pipelines used to transport from wells to the
larger gas pipeline network.

gathering pipeline
greenfield
looping

Term to describe construction in a new right-of-way
Type of pipeline project in which a new pipeline is added parallel
to an existing pipeline, and connected at both ends to form a
‘loop’ allowing for greater capacity and control of flow.

play

A geologic formation containing petroleum
resources with potential for development.

right-of-way

The land area around a pipeline needed for access to construct
the pipeline and protect, and maintain it over time. Typically
wider during construction.

spoil side

Term to describe the side of the pipeline ROW where the
excavated soil (“spoils”) will be stored during construction.

well pad

The location from which gas wells are drilled from the surface
into the shale. Typically, flat, covered with gravel, and two–five
acres in size to accommodate equipment needed for well drilling.

working side

Term to describe the side of the pipeline ROW where
construction equipment travels, and pipeline segments are
laid out and assembled.

x

(natural
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Introduction
Over the past decade, the rapid expansion of unconventional natural gas
development with hydraulic fracturing in the Marcellus Shale has been accompanied
by an increase in pipeline construction proposals in Pennsylvania, New Jersey and
New York. The process of shale gas development requires many miles of small
gathering pipelines to connect well pads where gas is extracted to transmission
pipelines that allow the gas to reach customers. In recent years, the operators of
these transmission pipelines have proposed both upgrades and extensions to
existing pipeline networks and entirely new pipelines. Many of these proposed
pipelines cross the Delaware River Basin by virtue of its location between the
Marcellus Shale and densely populated areas with demand for natural gas on the East
Coast. It is these proposed transmission pipelines that are the focus of this analysis.
Interstate natural gas transmission pipelines (those that involve building
infrastructure in more than one state) must be authorized by the Federal Energy
Regulatory Commission (FERC).1 The typical process is for the pipeline proponent to
notify FERC of intention to build an interstate transmission pipeline, followed by the
pipeline proponent marketing the pipeline to determine if enough contracts can be
sold to build it, followed by a much more detailed route and design process. Then
the pipeline proponent works in tandem with FERC staff to perform necessary
environmental reviews before finalizing the pipeline route, acquiring necessary
permits from relevant federal and state agencies, negotiating with land owners,
developing construction plans, and building the pipeline [1]. The scope of the FERC
environmental review process is broad, covering land use change impacts, water use,
stream crossings and wetland impacts, potential impacts to species (fish, wildlife,
and vegetation), soils, and air emissions, among others (including socioeconomic and
cultural resource impacts) [2].
Pipelines, as linear features, bring a different set of challenges than most land
development activities. While the pipeline itself requires a trench no more than a few

This study also investigates a few transmission pipelines transporting other liquid fuels, and
intrastate gas pipelines (those that do not cross state lines), which do not require FERC
approval, but have very similar construction methods and impacts on land and water
resources.
1

1
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feet wide, the construction process requires a much wider right-of-way (ROW) area. In
addition, the linearity of pipeline projects means that they cross numerous property
boundaries, municipalities, and watersheds. The impact on any one of these
geographic entities is typically limited, but over the entire length of the pipeline, the
total land disturbance area can be significant. Furthermore, several pipelines built in
the same area can cause larger cumulative impacts than the individual projects.
Pipeline construction can result in a wide range of environmental impacts, some of
them interacting and layered. Experts studying the risks of shale gas development
term the chain of potential impacts a “Risk Pathway,” which describes how an activity
(pipeline construction) leads to burdens (land cover change) that create intermediate
impacts (e.g., forest fragmentation), leading to final impacts or outcomes (e.g.,
ecosystem change) [3-4]. In the case of pipeline construction, among the most wellknown burdens and intermediate impacts are stream and wetland crossing impacts,
land cover change, forest fragmentation, and habitat loss [5-9]. These impacts can
lead to other impacts and outcomes, including ecosystem changes (relative changes
in species abundance, impacts on specialist or threatened and endangered species),
and hydrologic and water quality impacts resulting from the land disturbance
(erosion and sedimentation, flow changes, and stream buffer impacts) [5, 10-12]. The
hydrologic and water quality changes may in turn impact aquatic ecosystems in
streams and wetlands [3, 5].
The FERC environmental review process does investigate many of these impacts in a
series of resource reports and environmental assessments, often in detail, but there
are some shortcomings for the projects examined in this report. Notably, the land
cover change estimates are often broken down by political boundaries, but not
always relevant natural boundaries, especially watersheds. Most importantly, the
resource reports rarely investigate the cumulative land cover change impacts of
multiple concurrent pipeline proposals on watersheds or sensitive land resources.
We note that the environmental analyses prepared for many of these analyses were
published prior to updated FERC guidance [2] that clarifies instructions for assessing
cumulative impacts.2 In this analysis, we investigate the combined land cover change
of eight proposed pipelines within the boundaries of the Delaware River Basin (DRB).
The Delaware River drains an area of 13,000 square miles, and its watershed (i.e., the
DRB) spans portions of Pennsylvania, New Jersey, and Delaware. The river itself, 330

2
Guidance for the FERC environmental review process was updated in December 2015, after
the majority of the analysis for this report was completed. The guidance clarifies cumulative
impact as the “the impact on the environment which results from the incremental impact of
the action [being studied] when added to other past, present, and reasonably foreseeable future
actions…”, and further notes that the geographic area to be examined should be specific and
relevant to each resource category examined (e.g. land and water, air, cultural resources, etc.).

2
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miles long, forms the border between Pennsylvania and New Jersey, and empties into
the Delaware Bay, which separates Delaware and New Jersey. The DRB is the source
of drinking water for roughly eight million people living within the basin, and
roughly an equal number outside who receive water transferred from the basin [13].
Much of the basin has exceptional water quality in part due to the over five million
acres (7,800 square miles) of forest and wetlands. The forests have been estimated to
provide roughly $2,000 per acre per year (in 2010 dollars) in ecosystem service
benefits such as water treatment, air pollution removal, and carbon sequestration,
and the wetlands as much as $13,000 per acre. Another 4,500 square miles is used
for agriculture, which is responsible for roughly $3.5 billion per year in revenue from
farm products [14]. Land cover changes have the potential to degrade some of these
benefits either directly (conversion to other land uses) or indirectly (e.g., pollutant
runoff or fragmentation).
This study does not examine loss of these benefits in detail or the ultimate
environmental outcomes from pipeline development, but these consequences
establish the rationale for investigating the land cover changes. This study aims to
provide credible estimates of the area of land cover changes associated with the eight
transmission pipeline proposals.

3
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Methodology
In this study, we use Geographic Information Systems (GIS) methods to generate
estimates of land cover change using spatially referenced pipeline route information
(existing and proposed) and baseline land cover data. The goal of this methodology is
to develop cumulative projections of land cover disturbance impacts for eight
proposed pipeline projects that are currently anticipated to cross through the DRB.
The primary metric of interest is the affected land area that is newly “disturbed” (i.e.
converted from an existing non-pipeline related land use) within the pipeline
projects’ construction or permanent ROW, exclusive of area already within existing
pipelines’ ROW.

Pipelines and Data Sources
Table 1 lists the eight pipeline projects included in this study. The most important
data source for this analysis is pipeline route information. The primary source of
pipeline route information was commercially available U.S. oil and gas pipeline
facilities data purchased from IHS [15], which includes GIS data for both active and
proposed pipelines. The IHS data includes route information for all of the pipeline
projects except the Southern Reliability Link, and Penn East Pipeline project. The
quality of the IHS data for the majority of pipeline routes is rated as “Excellent”
(accurate within 50 feet), with the remainder rated as “Very Good” (50–300 feet), or
“Good” (301–500 feet). The pipeline route information as purchased was current
through the end of 2014.
We verified route information for all pipelines using other data sources. These
sources include a GIS geodatabase provided by the Clean Air Council [16], which
included preliminary route information for the Southern Reliability Link and Penn
East Pipeline project (quality estimated as “Very Good”). In addition, we used maps
available in FERC documents and from project proponent reports and websites. We
projected digital versions of these maps into ArcGIS 10.2 in order to compare them
with the geo-referenced pipeline route features. We also used these maps to update
the route information when the route had changed during the course of the project
planning. Table 1 includes references to the documents and maps from which we
acquired all pipeline information used in this study.

4
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Table 1.

Proposed pipeline projects included in this study

Pipeline Project

Proponent

1

Constitution Pipeline

Williams

13.5

[17-19]

2

Diamond East Project

Williams

56.8

[15]

3

Leidy SE Project

Williams

[20-21]

4

Mariner Easta

Sunoco Logistics

5

Southern Reliability Linkb

6

PennEast Pipeline

NJ Natural Gas
PennEast Pipeline
Co.

11.2
49.9
49.8
18.2
100.9

[26-29]

7
8

TEAM 2014 Expansion
Project
East Side Expansion
Project

Details
/Segments

Franklin Loop
Mariner East 1,
Mariner East 2

Length in
DRB [mi]

Sources*

[22-23]
[24-25]

Spectra Energy

Bernville Loop

5.6

[30]

Columbia Pipeline
Group

NJ Loop 10345,
PA Loop 1278

7.4
8.8

[31-37]

Total

322.2

* Sources common to several pipelines: [15-16]; a – transports other petroleum products;
b – Not an interstate pipeline.

For the PennEast project, we used detailed project maps [29] (last updated July 22,
2015) as the primary data source and digitized the pipeline features over the entire
project length.
We note that pipeline routes can and do change during project planning, and even
construction. We have attempted to include the most recent preferred project
routing available from the listed data sources as of September 30, 2015.
In addition to the pipeline route information, we also acquired land cover data. For
this study, we used the National Land Cover Dataset (NLCD), 2011 version [38], for
the states of New York, New Jersey, and the Commonwealth of Pennsylvania. This
data is available as a raster data type, with a spatial resolution of 30 meters. Land
cover types are distinguished by numeric codes. For this analysis, we combined some
of the land cover types into larger groupings for simplicity. Table 2 shows these
groupings. For example, three different forest types are combined into the “Forest”
grouping.

5
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Table 2.

Land cover groupings by 2011 National Land Cover Dataset classifications

Grouping
Forest
Wetland
Agriculture (Ag) –
Pasture
Ag - Cultivated
Grassland/Shrub
Open Space
Developed
Water

NLCD Classifications Included
41 – Deciduous Forest; 42 – Evergreen Forest; 43 – Mixed Forest
90 – Woody Wetlands; 95 – Emergent Herbaceous Wetlands
81 – Pasture/Hay
82 – Cultivated Crops
71 – Grassland Herbaceous; 52- Shrub/Scrub
21 – Developed Open Space; 31 – Barren Land
22 – Developed Low Intensity; 23- Developed Medium Intensity;
24 – Developed High Intensity
11 – Open Water

Source: [39]

Figure 1 shows an overview map of the study area with the route information for the
proposed pipelines overlaid on the NLCD 2011 land cover raster. In addition, the DRB
boundary, county boundaries, and existing pipeline routes are shown for reference.

6
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Figure 1.

Map of proposed pipelines within the Delaware River Basin

Source: CNA; [15-17, 19, 24-26, 29, 31-32]

7
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Right-of-Way Assumptions
Construction and Permanent Rights-of-Way
This analysis focuses primarily on the land disturbance required for pipeline
development, which includes both permanent land use change impacts and
additional disturbance during construction. For the purpose of this analysis, we
define the permanent land cover change area as the new permanent right-of-way of
the pipeline exclusive of existing permanent right-of-way shared by adjacent
pipelines. The land cover change area during construction includes the new
permanent right-of-way and additional temporary work space associated with
construction, but excludes existing permanent right-of-way shared by adjacent
pipelines. The FERC filings and other documents released by the project proponents
differ in their presentation and description of these areas. In this study, “New
Permanent ROW” is new area cleared for the permanent right-of-way, and
“Construction ROW” is total area cleared during construction, inclusive of the New
Permanent ROW. The temporary workspace may be inferred by subtraction. See
Figure 2 for an illustration of typical ROWs for pipeline construction.
This analysis is limited to the direct pipeline ROWs and construction areas, and does
not include additional land area needed for pipeline facilities (e.g. launchers, pump
stations, etc.), access roads, or temporary equipment storage areas.

Figure 2.

Typical pipeline rights-of-way illustration

Trench

Pipeline

Source: CNA; Clip art: clker.com, openclipart.org, office.com

8
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Greenfield Construction
Greenfield construction refers to pipeline construction through areas where no
existing pipelines or rights-of-way are present. The entire operation requires new
clearing for construction and operation.
When new pipelines are constructed outside of existing ROWs, a new permanent
easement is created, and additional land is usually needed for construction. In
general, construction ROWs are divided into a spoil side (area for storing soil and
materials excavated from, or used for, backfilling the trench) and a larger working
side for moving equipment, and aligning and connecting the pipeline itself before
lowering into the trench.
The size of the construction area can vary depending on the type of terrain crossed.
In wetlands or core forest areas, the construction ROW can be reduced to limit
impacts. In urban or suburban areas, construction ROW may need to be reduced to
avoid existing buildings, property lines, or utility infrastructure. In agricultural areas,
sometimes a larger right-of-way is needed so that agricultural land can be quickly
returned to productive use after construction. The additional area is needed to store
the agricultural top soil that is removed during construction so that it can be
replaced later, when the construction right-of-way returns to agricultural use.

Adjacent to Existing Rights-of-Way
Pipelines are often routed adjacent to existing pipelines to minimize new clearing
and costs of purchasing new easements. Looping projects are nearly always adjacent
to the existing pipeline, but new pipelines may also run adjacent to existing
pipelines, where possible, to reduce land disturbance impacts and costs. While some
additional right-of-way is typically needed, the pipeline itself can often be laid within
or very close to the existing permanent easement of another pipeline. That is, the
spacing between pipelines can be reduced so that each pipeline does not need its
own (typically 50-foot) full permanent right-of-way. When the existing and new
pipelines have different owners, a new permanent ROW is generally required even
when the routes are adjacent.
In general, it appears that the existing ROW of the adjacent existing pipeline is used
as the spoil side of the construction right-of-way for the new pipeline. The wider
working side of the construction ROW generally requires new clearing, so as to limit
potential damage to existing pipelines due to the movement of heavy equipment.

9
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Typical Right-of-Way Widths
Our default assumption for the typical ROW width is 50 feet for the permanent
easement and 100 feet for the total construction ROW. In this analysis, we analyze
both a simplistic symmetric case with equal width on either side of the pipeline, and
a more realistic case where the construction ROW is split asymmetrically across the
pipeline. The rest of the section documents the assumption when an asymmetric
ROW is used.
In greenfield construction, we assume the typical construction ROW is split into a 25foot spoil side, and a 75-foot working side, with the outer 50 feet being temporary
workspace, and 25 feet on either side of the pipeline as permanent easement (see
Figure 2). For looping projects or pipelines adjacent to existing pipelines, we assume
up to 25 feet of shared right-of-way on the spoil side. Thus, in the case that shared
right-of-way is 25 feet, the new disturbance ROW width (all on the working side) is 25
feet for permanent right-of-way and 75 feet for construction ROW. Based on the
location of the adjacent pipelines, we varied the amount of shared ROW between 10
and 25 feet. Accordingly, we reduced the spoil side width for construction between 0
and 15 feet, meaning that the new permanent ROW is between 25 and 40 feet in
width (instead of 500 feet for greenfield projects). In situations when the proposed
project pipeline route diverged from the path of the existing pipelines, we treated it
as greenfield construction. Table 3 displays the default ROW widths we used in this
study. Several of the pipelines have specific ROW widths specified by land cover type
in their project documentation, including the PennEast and Constitution projects.
Table 3.

Assumptions for right-of-way widths
Construction ROW [ft]

Pipeline/
Construction
method

Permanent
ROW [ft]

Spoil
side

WorkingGeneral

WorkingAg

WorkingWetland

Greenfield:
Default

50

25

75

100

50

PennEast

50

35

65

90

40

Constitution

50

30

80

95

45

25-40

0 - 15

75

100

50

WorkingForest

70

Looping:
Default

We used best professional judgment to determine on which side the spoil side and
working side will fall, based on the route and location of other pipelines and
infrastructure.
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In cases where pipeline documentation specified techniques to reduce pipeline
impacts, we attempted to replicate these using mile markers and other notes on
construction methods as a guide.3
To check the validity of these assumptions, we calculated the implied average width
for several pipeline segments using length and disturbance area reported in the FERC
or project proponent documentation [17, 27, 33, 37]. Table 4 displays the relevant
average ROW width for six pipeline segments, which was computed simply by
dividing reported disturbance area for various types of ROW by pipeline length.
Table 4.

Average width of pipeline ROWs based on reported disturbance area
and pipeline length
Average ROW Width [ft]
Const.
Const.
Total
W/in
Temp.
(new)
Existing

Pipeline Project

Segment

Length
[mi]

New
Perm.

East Side Expansiona

Loop 10345 NJ

7.41

26.5

50.2

76.8

~25

East Side

Expansiona

Loop 1278 PA

8.93

25.5

56.2

81.7

~25

Leidy

SEa

Franklin Loop

11.47

26.0

30.0

55.9

45.0

TEAM

2014a

Bernville Loop

5.60

24.0

75.3

99.3

63.2

Constitutionb

Broome County

16.85

45.9

57.8

103.7

PennEastb

Entire

110.60

58.6

71.5

130.2

Sources: [17, 27, 33, 37]
a.

Looping project, or adjacent to existing pipeline ROW.

b.

New “greenfield” construction project.

Based on Table 4, our assumptions for right-of-way width seem reasonable. The
average new permanent ROW (“New Perm.”) width for the four looping projects is
25.5 feet, and the temporary construction ROW (“Const. Temp.”) width is 52.9 feet,
for a construction total ROW of 78.4 feet of new clearing. So in general it is valid to
assume that looping projects save roughly 25 feet of clearing width by using existing
ROW on the spoil side during construction and sharing permanent ROW.
The new construction projects average 52.3 feet for new permanent ROW width, and
an additional 64.6 feet for temporary construction ROW. Although the PennEast
For example, for horizontal directional drilling (HDD), we assumed a permanent ROW of 10
feet (to protect the pipeline) but no construction ROW over the drilled segment. We assumed a
250-by-200-foot drilling pad at the start and end of the HDD sections during construction.
3
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appears to run adjacent to several existing pipelines for portions of its length, the
reported areas in the PennEast project documentation [27] (and the calculated
average widths) seem to suggest that a full-width permanent easement will be needed
along its entire length. This may reflect the fact that PennEast will have a different
proponent than the adjacent pipelines, and therefore will need its own easement.

GIS Methods
The land cover analysis for pipelines involves two major steps: (1) converting
pipeline route information (in line format) to right-of-way area (in polygon format),
and (2) extracting land use types that fall within the right-of-way polygon. In Figure 3,
we illustrate the general GIS methodology used for this analysis, including the inputs,
processes, and outputs. The major inputs are the pipeline routes, DRB boundary, the
NLCD 2011 raster, and the desired ROW width. GIS data types are shown in brackets.
We performed additional post-processing as necessary to analyze the results at the
county and watershed level.

Figure 3.

Generalized GIS process for identifying land use breakdown within
proposed pipeline right-of-way

Source: CNA, created with ESRI ArcGIS 10.2 ModelBuilder.

The actual process is slightly more complicated, and requires more steps to extract
values from the NLCD raster over the correct domain and convert to a polygon data
type. The process as shown can be used only for a symmetrical buffer about the
pipeline, which is suitable for analyzing the permanent right-of-way, but not ideal for
analyzing the construction ROW, which is typically asymmetric.

12

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

As a result, we used two separate methodologies - asymmetric buffering and
symmetric buffering - to estimate the new disturbance caused by pipelines. The
asymmetric method cuts the pipelines into segments, and uses two fields of the
attribute table to create independent buffers on the left side, and then the right side
of the feature. This permits setting the left and right side buffers to different values,
allowing for an asymmetric simulated ROW. We adjusted the relevant right or left
buffer width for each segment to account for shared rights-of-way with existing
pipelines. For example, for an existing pipeline located 25 feet to the topographic left
of the proposed pipeline, we would set the left buffer distance to zero instead of the
typical 25 feet because there would no ‘new’ clearing needed.
The symmetric method uses a single entered value (e.g., 25 feet) to buffer a constant
distance from the pipeline, which results in a symmetric ROW with a width of twice
the entered value. We excluded the rights-of-way for existing pipelines by creating
buffers (assuming a 50-foot permanent ROW) around the existing pipelines, and
“erased” that area from the proposed pipeline ROW.
We also performed a third analysis based on the symmetric methodology to
determine the total land disturbance for full-width ROWs with no exclusions for
existing pipelines. We did not erase the existing pipeline ROWs in this case.
Table 5 describes these three methodologies in more detail. Figure 4 shows an
illustration of the differences between the methodologies, including differences in
handling cases involving shared ROWs with existing pipeline projects. The figure
illustrates how the ROW is computed for both greenfield construction (top), and
construction adjacent to existing ROWs (bottom).
In all three cases, we performed the analysis twice; first, we used smaller buffers for
the permanent ROW, and then larger buffers for the construction ROW. Table 3
displays the assumed widths for these ROW cases.

13
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Table 5.

Methods for estimating land use area impacts of proposed pipelines

Method
A

Name
Asymmetric Buffer

Description
Divide all pipelines into segments, and enter a
buffer distance for the topographic left and right
side of the feature. Adjust buffer width to account
for different land use types and existing ROWs. In
addition, account for special cases such as HDD
and encroachments.

B

Equal Buffer with Erase

Buffer the proposed pipeline by a constant width
(equating to either permanent or construction
ROW), symmetric about the pipeline. In GIS, also
buffer all existing pipeline features to account for a
50-ft permanent right-of-way. Use the Erase tool in
GIS to remove the existing ROW area from the
proposed ROW area.

C

Full-width buffer

Buffer the proposed pipeline by a constant width
(equating to either permanent or construction
ROW), symmetric about the pipeline.

Figure 4.

GIS methodology illustration for the three area impact calculation
methods for both greenfield construction (top), and construction
adjacent to existing ROWs (bottom).
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Estimation of Total Forest Area Impact
While this study investigates land cover disturbance for the entire range of land
cover types in the NLCD, a particular metric of interest is the total direct forest area
impact for the entire Delaware River Basin. (This study does not examine indirect
effects such as loss of core forest area due to new forest edges.) We first calculate
the forest area impact based on the GIS methodology described, but we recognize
some limitations posed by using the NLCD raster. Namely, the coarseness of the
NLCD and issues with assignment of land cover types could lead to errors for an
individual land use type such as forests. Specifically, we have observed that existing
pipeline rights-of-way are often classified as forest (instead of grassland or
developed/open space), which may slightly over-estimate forest area. To a lesser
extent, low-density residential (or agricultural) land with some tree canopy may also
be classified as forest. The 30-meter resolution (cell size) of the NLCD may also come
into play, as each cell is slightly wider than the typical construction ROW, and the
land cover type may not be completely homogenous within the cell.
In order to correct potential errors in forest area, we validate our GIS results against
forest area impacts reported in the FERC or pipeline proponent documentation,
which should be more accurate due to greater precision of right-of-way limits and
possibly more precise land cover data. Through comparison of these two forest area
estimates, we generate adjustment factors that can be used to compute a refined
estimate of forest area impacts for the whole basin based on the GIS results. The
next section, particularly Table 6, explains the validation process for the forest areas,
and presents the adjustment factors we use to compute the best estimate of total
forest area impact.
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Results
This section presents results of the land cover disturbance analysis. We first present
a validation of the methodology. Then we present the total land disturbance area
within the DRB for both permanent ROWs and construction ROWs, followed by more
granular results by pipeline, by county, and by watershed. Finally, we present our
own calculations of the total number of stream and waterbody crossings.

Validation
We validated our GIS methodology by comparing estimates of new pipeline impact by
land use to similar estimates in the FERC documentation. All of the GIS estimates
used for validation were generated using the “A – Asymmetric Buffer” methodology
(see Table 5). We focused on pipelines with disturbance area broken out by land
cover type in the documentation, and with pipeline segments within the DRB. Three
pipeline projects had segments entirely within the DRB with detailed land cover
impact estimates: the Leidy SE Franklin Loop, the TEAM 2014 Bernville Loop, and the
two loops in the East Side expansion project. While these projects all fit these
criteria, they are also primarily looping projects. Thus we also included the Broome
County section of the Constitution pipeline, which is mostly within the DRB, in order
to check the methodology on a primarily greenfield construction project.
For validation, we elected to compare the new area impacted for forest, and for all
land cover types. Table 6 displays the validation results for forest area impact, and
Table 7 for total area impact (all land cover types). The definitions of land cover class
groupings for computation of area impact varied by pipeline project. In some cases,
the existing right-of-way area was not separated from the total impact area.
Generally, the “Open Space” land cover type included the existing pipeline ROW
areas. In these cases, we left out the “Open Space” land cover type (where existing
ROW area was included in the documentation) from the total. We have denoted the
projects to which this assumption was applied with an asterisk. We analyzed the
impacts using all the remaining land cover types.
Generally, our GIS estimates of forest disturbance are about 25 percent high for
permanent ROW, and 13 percent high for construction ROW as compared to the
pipeline documentation. By contrast, GIS estimates of total disturbance are about 5
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percent high for permanent ROW and 3 percent low for construction ROW, which
amounts to an overall average error of 1.5 percent high.

Table 6.

Validation of new forest disturbance [ac] from pipeline documentation
(“Document”) versus GIS estimates for the permanent and construction
ROWs

Pipeline Project

New Permanent ROW
Document
GIS
[ac]
[ac]

Error
[%]

Construction ROW
Document
GIS
Error
[ac]
[ac]
[%}

Leidy SE - Franklin

14.9

21.9

47.5%

42.6

51.8

21.5%

TEAM 2014- Bernville

5.9

6.7

13.6%

22.6

26.3

16.6%

East Side - NJ

10.3

3.0

-70.8%

East Side - PA
Constitution
(Broome County)

21.4

25.0

16.9%

98.5

114.3

16.0%

47.5

56.6

19.1%

Median

19.1%

Weighted Average

Table 7.

68.3

85.2

24.8%

16.6%
195.5

220.5

12.8%

Validation of total new disturbance area [ac] from pipeline
documentation (“Document”) versus GIS estimates for the permanent
and construction ROWs

Pipeline Project

New Permanent ROW
Document
GIS
Error
[ac]
[ac]
[%]

Construction ROW
Document
GIS
Error
[ac]
[ac]
[%]

Leidy SE - Franklin

36.1

33.9

-6.0%

77.7

75.6

-2.7%

TEAM 2014 - Bernville *

16.4

18.4

12.0%

69.7

61.5

-11.7%

East Side - NJ *

65.5

65.2

-0.3%

East Side - PA *
Constitution
(Broome County)

89.7

82.7

-19.4%

211.1

211.7

0.3%

93.4

100.9

Median
Weighted Average

8.0%
8.0%

145.9

153.2

5.0%

-2.7%
513.6

496.8

-3.3%

* Open Space excluded from calculations because pipeline documentation does not distinguish
open space in existing ROWs from new open space impacts.
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Land Cover Distribution near Pipelines
Land cover disturbance area estimates could theoretically be sensitive to small errors
or potential changes in pipeline route information. It is common that pipelines may
have small shifts in routing all the way through construction. For instance, the
PennEast pipeline has a 400-foot right-of-way “study area” to account for some of
these potential shifts in the final route [26]. In addition, the GIS pipeline route data
on which we based this analysis was of varying spatial accuracy (generally within 50
feet, but occasionally only within 300–500 feet).
Before investigating the new disturbance areas within the pipeline ROWs only, we
investigated the sensitivity of the land cover impact area to uncertainty in pipeline
route. To do so, we computed the land cover characteristics of the larger areas in
successively wider ‘corridors’ around proposed pipeline routes. Here we assume a
symmetric buffer and we don’t exclude existing ROW, so the calculation method is
method C (see Table 5).
We examined the land cover distribution as a function of distance from the proposed
route by progressively increasing the buffer width from the pipeline. If the
distribution does not change as the buffer distance increases, we can be reasonably
confident that the errors associated with route uncertainty are relatively small. If the
relative proportions of a given land use change as the buffer distance (i.e. ROW
width) increases, then pipeline siting may be effectively avoiding (or targeting)
certain types of land uses. Plotting the areas of disturbance versus pipeline ROW
width also gives an idea of the general makeup of the land cover in the neighborhood
of pipelines.
We first investigated the area very close to the pipeline at several ROW widths,
including 10 feet (minimum in areas such as wetlands), 30 feet (typical cleared ROW
width in the permanent easement), 50 feet (typical permanent easement), and 100
feet (typical construction easement).
Figure 5 displays these results, which do not exclude existing ROW, and so is not
solely new disturbance area. Figure 6 displays the results for larger buffer distances
(up to a width of 400 feet) on a continuous stacked area plot. For each land cover
type, the increase is nearly linear.

18

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Figure 5.

Land cover disturbance area for typical ROW widths for the 8 proposed
pipeline projects
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Figure 6.

Disturbance area by land cover type versus theoretical ROW buffer width
for the 8 pipelines examined in the DRB
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We can check these results to see whether the increase in area versus increase in
ROW width for particular land use types is truly linear. First we analyze forest
impacts. Figure 7 shows the amount of forest area affected versus pipeline ROW
width. In this case, the forest area is normalized to the pipeline length, so the vertical
axis shows impacted acreage per mile of pipeline. The figure demonstrates that the
trend is very much linear. By fitting a trendline to the data, we generate a useful
equation that gives the expected forest area impacted per mile for each additional
foot of pipeline ROW width. In this case, the slope of the trendline indicates that, on
average, each mile of new pipeline in the DRB will affect 0.04 acres of forest for each
foot of ROW width. So a 50-foot ROW will affect roughly two acres of forest per mile.

Figure 7.

As ROW width increases, forest area impacts increase in a linear fashion.

Many of the other land cover types show a similar pattern. For wetlands, the trend is
nearly linear (see Figure 8). Based on this analysis, the slope of the trendline indicates
that, on average, each mile of new pipeline in the DRB will affect 0.002 acres of
wetland for each foot of ROW width. So, a 50-foot ROW will affect roughly 0.1 acres
of wetland per mile on average.
The equations presented here can provide a useful means for generating an initial
estimate of the potential impact from pipeline development in the DRB if no
information is known about the specific route. Though we add the caveat that the
relationships are based on the eight pipeline projects we examined. A more localized
analysis would then be needed to generate more refined estimates of the impacts for
a specific pipeline project once the route is known.
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Figure 8.

As ROW width increases, the increase in wetland impact area is nearly
linear

Land Cover Impact in the DRB
Figure 9 displays the total new disturbance area in the DRB associated with ROW
construction for the eight proposed pipelines projects. The results for the new
permanent ROW are shown on the left, and the construction ROW on the right, each
computed via three separate methodologies (refer to Table 5). Labels on the graph
display the forest area impacted and total area impacted for each methodology.
Method A is the best estimate using asymmetric buffers, and excluding existing ROW.
Method B is the symmetric buffer method excluding existing ROW. Method C is the
symmetric buffer method with no exclusions. The forest impact area and total area
in acres are labeled on the chart. We note that the computations for Methods A and
B are very similar for the permanent ROW, but are different for the construction
ROW. This is likely due to the fact that the asymmetric buffer used for Method A
would create less overlap with existing ROW than the symmetric buffer method used
in Method B. Method C does not exclude any existing ROW, and is unsurprisingly the
highest estimate.
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Figure 9.

Total disturbance areas in the DRB for the permanent and construction
ROWs for the proposed pipeline as generated by the three GIS methods
(A,B, &C) used in this study
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Impact by Pipeline
The total new disturbance area can be separated by pipeline only to a limited extent
because some of the new pipelines share a ROW for part of their length: For instance,
the Diamond East and Leidy SE projects (see Figure 1), which also have the same
pipeline proponent. Or the Mariner East and East Side Expansion projects, which
intersect each other.
Table 8 displays the estimated disturbance area by pipeline, broken down by land
cover type for the new permanent ROW. Table 9 shows the same for the construction
ROW. In both cases, the areas shown are the areas only within the DRB. The area
calculations reflect the Method A methodology (see Table 5) applied for each
pipeline. The total area disturbed by land cover type is shown at the bottom as the
sum of the individual pipeline results. This total includes double-counting of some
area where the proposed pipeline ROWs cross or are parallel. Hence, we also present
the totals for all pipelines computed where all proposed pipeline ROWs are merged
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to avoid double-counting. We observe from the Method A total results (computed
with the same methods as the sum of individual pipeline results) that the doublecounted area is roughly 18 acres (1346 minus 1328). Results for Methods B and C
(see Table 5) are shown for comparison.

4.9

3.8

0.1

0.0

80.8

9.2

23.7

26.6

3.9

0.6

170.7

Leidy SE Project

21.9

3.7

3.3

0.3

0.1

4.0

0.1

0.4

33.9

Mariner East 1&2

75.5

1.4

16.6

28.2

25.3

76.1

51.7

0.0

274.9

NJ Natural Gas Project

7.1

1.4

1.8

4.3

11.3

48.1

36.0

0.0

110.0

311.2

6.6

36.7

72.8

132.3

33.8

14.1

0.4

607.9

TEAM 2014 Expansion Proj.

6.7

0.1

0.4

2.5

2.5

2.7

3.3

0.1

18.4

East Side Expansion Project

8.6

2.5

2.0

6.8

4.2

12.0

12.9

0.0

49.0

NJ Loop 10345

0.9

1.9

0.4

2.1

1.2

4.9

9.0

0.0

20.6

PA Loop 1278

7.7

0.6

1.6

4.7

3.0

7.1

3.8

0.0

28.5

Sum of Pipeline Results a

568

23

66

153

204

207

122

1.5

1346

A - Asymmetric buffer

555

22

64

153

204

205

122

1.4

1328

B - Symmetric buffer

499

20.2

56.4

149

192

200

137

3.2

1257

C - Full symmetric buffer

702

34.3

79.8

180

244

319

189

4.1

1752

PennEast Pipeline

Total

29.0

3.7

Water

1.3

6.3

Developed

0.9

96.7

Open Land

40.7

Diamond East Project

Ag- Cultivated

Ag - Pasture

Constitution Pipeline

Wetland

Pipeline

Grassland/Shrub

Estimated disturbance area [ac] within the DRB by pipeline and land
cover type for the new permanent ROW

Forest

Table 8.

TOTALS - by method

“Sum of Pipeline Results” includes some double counting of areas, notably for Mariner
East 1 and 2, and Leidy SE, Diamond East, and PennEast.

a.

NOTE: Pipeline results generated using Method A. Totals shown for other methodologies by
comparison. Totals may not sum exactly due to rounding.
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Pipeline

Wetland

Grassland/Shrub

Ag - Pasture

Ag- Cultivated

Open Land

Developed

Water

Total

Estimated disturbance area [ac] within the DRB by pipeline and land
cover type for the new construction ROW.

Forest

Table 9.

Constitution Pipeline

80.8

1.5

2.4

65.0

11.1

8.1

0.4

0.0

169.3

Diamond East Project

295.7

15.1

8.0

28.8

71.5

74.4

11.7

2.2

507.4

Leidy SE Project

51.8

6.1

5.4

0.9

0.3

10.0

0.3

0.8

75.6

Mariner East 1&2

172.0

3.9

39.6

64.7

64.2

160.2

100.9

0.1

605.7

Southern Reliability Link

16.2

2.7

3.5

11.4

29.8

83.2

68.0

0.0

214.7

PennEast Pipeline

633.3

11.1

71.3

164.3

305.8

70.7

27.9

0.7

1285.1

TEAM 2014 Expansion Project

19.7

0.3

0.8

6.4

7.3

6.9

7.4

0.1

48.9

East Side Expansion Project

24.8

4.3

5.2

20.1

11.5

34.2

36.5

0.0

136.6

NJ Loop 10345

2.5

3.1

1.3

6.8

3.8

13.8

24.8

0.0

56.2

PA Loop 1278

22.3

1.2

3.8

13.3

7.7

20.4

11.8

0.0

80.5

Sum of Pipeline Resultsa

1294

45

136

362

501

448

253

3.9

3043

A - Asymmetric buffer

1245

41

133

361

501

440

253

3.3

2977

B - Symmetric buffer

1005

42

112

299

398

414

272

6.6

2548

C - Full width symmetric buffer

1351

65

149

344

479

582

344

8.1

3324

TOTALS - by method

“Sum of Pipeline Results” includes some double counting of areas, notably for Mariner
East 1 and 2, and Leidy SE, Diamond East, and Penn East.

a.

NOTE: Pipeline results generated using Method A. Totals shown for other methodologies by
comparison. Totals may not sum exactly due to rounding.

Impact by County
We computed the total area impact by county by intersecting the Method A total
impact area in the DRB with county boundaries. Figure 10 maps the construction
ROW impact by county. Shading shows the total area impacted by construction ROW
within the DRB portion of each county. Stacked bars on the map show the breakdown
of the impacted area by land cover type. See Appendix A for the results by county in
tabular format. (Table 11 displays the county-level area impact for the new
permanent ROW, and Table 12 does so for the construction ROW.)
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Figure 10.

Land area impacts of proposed pipeline construction within the Delaware
River Basin (DRB), by county
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In Figure 9, it appears the impacts will be most concentrated in the central portion of
the DRB. Carbon, Monroe, and Hunterdon counties all have in excess of 200 acres of
land disturbance, while Northampton has the highest of any county, with 441. These
counties also have the largest percentage of the impact affecting forests. For
instance, over 75 percent of the total impact area in Luzerne and Carbon counties
will be in forests.
The lower portion of the watershed also has a concentration of impacts. Chester and
Berks Counties each have over 200 acres affected during construction. The land
cover types impacted are distributed more across agriculture, developed land, and
forests than in the middle portion of the basin.
Broome is the only county with impacts in the upper basin. The area of impact is
roughly evenly divided between forest and agriculture.
Overall, the breakdown of land cover types affected by pipeline development follow
the general land cover patterns of the DRB as a whole: predominantly forest in the
Upper and Western portions of the basin, more agriculture in the middle and Eastern
portions, and finally, much more developed land in the lower portion of the basin.

Impact by Watershed
In addition to analyzing the results by county, we also investigated the results by
using hydrographic boundaries. We totaled the results by Hydrologic Unit Code–10
digit (HUC10) watershed using data from the USGS Watershed Boundary Dataset [40].
In Figure 11, we display the results for new permanent ROW area by HUC10
watershed as a stacked bar chart. Figure 12 shows similar results for the new
construction ROW. On the left, the HUC10s are grouped by the larger HUC8
watershed subdivision, with the HUC8 names labeled. (Figure 13 shows the spatial
location of both the HUC10 and HUC8 boundaries.) The bold number labels on the
graph indicate total area impacted in acres. The breakdown of the area by land cover
type is shown in a table format in Appendix A (see Table 13 and Table 14).
Figure 13 shows the total new construction ROW area impact on a map instead.
(Shading denotes total new construction ROW area [ac] by HUC10 for the proposed
pipeline projects.) It is clear from the map that the most area will be affected
through the middle portion of the DRB, especially in the Lehigh and Middle Delaware
HUC8 watersheds, and to a lesser extent the Schuylkill, Brandywine-Christina, and
Lower Delaware watersheds. These areas, especially the Lehigh subbasin, also have
the majority of the forest disturbance.
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Figure 11.

New permanent ROW land cover breakdown by watershed (HUC10),
with grouping by HUC8 watershed name (labels show total impact area)

Watershed
HUC8 Name
Upper
Delaware

HUC10

Labels: Total area [ac]

204010103

80.7

Middle Delaware
Delaware
Middle

204010408

6.8

204010503

27.7

204010504

11.7

204010505

10.3

204010506

55.0

204010509

213.2

204010601

40.5

Lehigh
Lehigh

204010602

102.7

204010603

75.9

204010604

62.7

204010605

53.9

204010608
CrosswicksCrosswicksNeshaminy
Neshaminy
Lower
Delaware

134.1

204020101

76.1

204020104

26.9

204020201
204020206

104.2

Schuylkill
Schuylkill

204020303

Ag - Cultivated

40.5

204020306

Ag - Pasture

61.9

204020307

Developed

12.3

Grassland/Shrub

1.9

204020501

113.0

0.0

Wetland
Open Space

8.6

204020304

204020310
Brandywine
-Christina

Forest

7.0

100.0

Water

200.0

New Permanent ROW area [ac]
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Figure 12.

New construction ROW land cover breakdown by watershed (HUC10),
with grouping by HUC8 watershed name (labels show total impact area)

Watershed
HUC8 Name
Upper
Delaware

HUC10

Labels: Total area [ac]

204010103

169.2

Middle Delaware

204010408

22.0

204010503

75.3

204010504

34.8

204010505

30.4

204010506

139.8

204010509

459.5

204010601

99.6

Lehigh

204010602

220.8

204010603

155.8

204010604

143.7

204010605

126.9

204010608
CrosswicksNeshaminy
Lower
Delaware

293.8

204020101

145.6

204020104
204020201

Schuylkill

Wetland

14.1

204020206

218.1

204020303

23.2

204020304

Ag - Pasture

204020306

172.5

204020307

Open Space
Ag - Cultivated

88.9

Developed

28.2

204020310
Brandywine
-Christina

Forest

55.0

Grassland/ Shrub

5.9

Water

204020501

254.4

0.0

200.0
400.0
New Construction ROW area [ac]
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Figure 13.

Watershed impacts of pipeline construction – land disturbance and
stream crossings (labels show HUC10 numbers)
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Potential Stream Crossings
Stream crossings are a particular area of concern for pipeline development, as land
in close proximity to waterways is at high risk for erosion, nutrient export, and
potential pollutant export. In addition, any sediment or pollutants that enter the
stream will be carried downstream in the waterway.
While the final EIS documents approved by FERC for pipeline projects contain listings
of the proposed stream crossings, it is difficult to determine the total number of
stream crossings for all eight projects for several reasons. Not all of the pipelines
have final EIS documents, and the location of stream crossings is not in a consistent
format across the different documents. In some cases, it is difficult to assess
whether certain streams are within the Delaware River Basin. For these reasons, we
assessed stream crossings using a consistent methodology for all of the proposed
pipelines.
We computed the number of stream intersections4 in GIS using the pipeline route
information and the National Hydrography Dataset Plus Version 2 (NHDPlus v2)
stream flowlines. The NHDPlus v2 dataset is fairly high resolution (stream segments
drain less than one square mile on average in the Delaware River basin), but does not
include most intermittent streams or ephemeral streams in the Eastern US.
We also accounted for the possibility that existing stream crossings could be used
where proposed pipelines are parallel to existing pipelines. We assumed that when an
existing pipeline intersected the stream within 250 feet5 of the proposed pipeline’s
crossing, a shared crossing would be used.
Figure 13 shows these intersection points that indicate stream crossings. The yellow
points indicate crossings that have some potential to share an existing crossing. The
red points indicate “new” crossings that are not adjacent to existing pipeline
crossings of streams. Table 15 (in Appendix A) tabulates the intersections by HUC10.
In total, we found 175 potential new crossings, of which 92 have the potential to be
“shared” crossings with existing pipelines.

We used the ArcGIS Intersect tool with the pipeline routes and NHDPlus flowlines as inputs
(both are polyline datatype), which results in a point file with a point marking each location a
stream and a proposed pipeline intersect.
4

We generated a second set of intersection points using existing pipeline routes and NHDPlus
flowlines. Then we computed the number of proposed intersection points falling within 250
feet of these intersections. We chose 250 feet as a generous buffer that can identify potential
shared crossings even when the stream line is nearly parallel to the pipeline ROWs.
5
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This total counts only intersections with streams in the NHDPlus database, and likely
dramatically undercounts the total number of stream crossings due to many
intermittent and ephemeral streams not included in the database. We note that the
environmental assessment documents issued by FERC and the pipeline proponents
usually provide a more complete accounting of potential stream crossings, most
likely gathered from local field and site analysis. As an example, a permit application
to Delaware River Basin Commission for the Mariner East project found over 180
potential stream crossings, the great majority of which are intermittent or ephemeral
[23]. Without the ability to do field investigation, or access to much more complete
stream data for the entire basin, we were limited to identifying crossings of the
predominantly perennial streams in the NHDPlus database.

Best Estimate of Impacts
Forest Area Impacts
The metrics presented in this report present an estimate of the land cover impacts of
pipeline construction. The estimates for individual land cover type impacts depend
heavily on the accuracy of the pipeline routes, and the accuracy of the NLCD data
used. As mentioned previously, we observed that existing pipeline rights-of-way were
often classified as forest in the NLCD, which may slightly overestimate forest impact
area. To a lesser extent, pipeline routes running through or adjacent to low-density
residential (or agricultural) land with some tree canopy may also be classified as
forest.
In order to partially account for these potential discrepancies, we used our validation
data (refer to Table 6) to develop adjustment factors for forest area impact. We
report three key metrics in Table 10, computed in three ways: First, the GIS results
for both the construction and permanent ROW areas, computed via the asymmetric
method (A). The third metric is the permanently cleared forest area that would be
within the permanent ROW, commonly estimated to be 30 feet wide (see, for
example, [19]). This metric identifies the forest impact over the longer term,
assuming some of the permanent ROW (outside 30 feet) is allowed to regrow, while
still leaving the center of the ROW cleared.6 Since our results show forest area impact
scales linearly with ROW width (see Figure 6 and Figure 7), we calculate this

This metric is almost certainly a low estimate of potential impact since many pipeline
operators may elect to keep the entire permanent ROW clear. This also does not take into
account looping projects where one side of the permanent ROW may be shared with an existing
pipeline, and therefore would not be suitable for allowing forest regrowth.
6
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permanently cleared area by multiplying permanent ROW impact area by the ratio of
widths (30/50), or 0.6.
The second and third data columns in Table 10 are computed using two adjustment
factors computed from the validation data. The specific adjustment factor uses
values specific to the construction and permanent ROWs. The permanent ROW
specific adjustment factor used is 0.752, and the construction ROW specific factor is
0.872. The general adjustment factor uses an average, constant adjustment applied
to both ROW types.7 The resulting general adjustment factor used is 0.832, or a 16.8
percent reduction in forest area from GIS results. In all cases, the permanently
cleared area estimate is computed by multiplying the permanent ROW estimate by
0.6.
Table 10.

Estimated total forest area impact for pipeline ROWs in the DRB by ROW
type for the eight proposed pipelines in this study

ROW Type (width)
Construction (~100 ft)

DRB Forest Area Impact [ac]
GIS
Adjusted
Adjusted
Results
(Specific)
(General)

Adj. Factor
(Specific)

Adj. Factor
(General)

1,245

1,036

1,086

0.872

0.832

Permanent (~50 ft)

555

462

418

0.752

0.832

Permanently cleared
(~30ft)

333

277

251

0.6a

0.6a

a.

Adjusted by multiplying by Permanent ROW Forest Impact Area

So, in total, we estimate that within the DRB, the eight pipeline projects in this study
will impact:


Approximately 1,040–1,090 acres of forest within construction ROW during
construction



Approximately 420–460 acres of forest that will fall within the proposed
pipelines’ new permanent ROWs



Approximately 250–280 acres of forest that will be permanently lost in the
cleared area of the pipeline ROWs, if all pipeline projects keep only 30 feet of
width in the permanent ROW cleared.

Since we had an unequal number of pipeline validations for the construction and permanent
ROW, we computed the general adjustment factor by weighted average of the construction and
permanent factors, with the nominal ROW width as the weight. That is, the construction ROW
factor had twice the weight as the permanent factor.
7
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We note that these estimates do not include all potential forest impacts for the
pipelines’ construction. Typically, pipeline construction requires additional area for
pipeline facilities (compressors, pumps, valves, terminals), temporary workspace for
equipment storage and staging, as well as access roads to bring equipment and
materials to the working ROW. A spatial analysis of the location of these facilities
and their associated impacts was beyond the scope of this study. However, based on
pipeline documentation, the potential additional area associated with these facilities
ranges from about 17 percent of total area impact for greenfield projects (e.g.,
Constitution [19]) to over 30 percent for looping projects (Leidy SE Franklin Loop
[20], East Side Expansion [37]). Relative to the pipeline ROW area only (not the total
impact area), these percentages are 20 percent for greenfield projects, and 45
percent for looping projects.

Wetland Area Impacts
For wetland impacts, developing reasonable adjustment factors is impractical
because of the small areas involved for any individual pipeline. We report the results
for our GIS analysis (Method A), which did take into account narrower ROWs when
passing through wetland areas. In total, we estimate that within the DRB, the eight
pipeline projects in this study will impact:


41 acres of wetlands within the construction ROW



22 acres of wetlands within the new permanent ROW.
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Discussion
This analysis computed the cumulative impacts of eight proposed natural gas
transmission pipelines on existing land cover in the Delaware River Basin (DRB). The
length of the new pipelines will total 322 miles within the DRB, a length roughly
equivalent to the Delaware River itself. We found that the total area of new land
disturbance is 2,977 acres (4.7 square miles) during construction and 1,328 acres (2.1
square miles) in the permanent right-of-way (ROW). These impacts only account for
the ROWs directly, and not total impacts for associated activities such as road
buildings, or equipment storage. Forests account for over one-third of the land area
impacted (roughly 40 percent before adjustment). The basin-wide totals don’t
present the whole story, however. Our analysis showed that results vary significantly
by pipeline, construction method, and watershed location.
We found that the cumulative area of impact was far greater than for any individual
pipeline project, but several of the projects do have disproportionate impacts
compared to the others. In part, this depends on the pipeline route and construction
methods. Unsurprisingly, our results indicate that greenfield pipeline projects result
in more land disturbance and forest loss per mile than looping projects or those that
parallel an existing ROW. Combined, the PennEast, Constitution, and NJ Natural Gas
Southern Reliability Link projects, which are all predominantly greenfield projects,
account for well over half of the total potential disturbance area. The PennEast
pipeline project has the largest potential impact within the DRB. The Mariner East 1
and 2, and Diamond East projects would affect a large amount of acreage due to
their length, but less than they otherwise would, as the majority of their length is
adjacent to existing pipeline ROWs. This reduction in affected acreage is more
evident in the permanent ROW results than the construction ROW results, possibly
because the wider working side of the pipeline usually can’t be shared with existing
ROWs, and requires new clearing.
The pipeline results also indicate a few key portions of the watershed with
disproportionate impacts. The PennEast, Diamond East, and Leidy SE projects cross
through the middle portion of the basin, especially the Lehigh, and Middle Delaware
subbasins in Carbon, Northampton, Hunterdon, Luzerne, Monroe, Mercer, and
Warren counties. These projects in particular pass through heavily forested areas,
and account for the largest impacts on forests in the basin. The Mariner East, East
Side Expansion, and Southern Reliability Link projects substantially affect the
Brandywine-Christina, Lower Delaware, and Crosswicks-Neshaminy subbasins in the
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lower portion of the watershed, where the land cover tends to be more agricultural or
developed. Finally, the Constitution Pipeline is the only pipeline of the eight affecting
the Upper portion of the watershed as it passes through Broome County, NY. The
land cover along its route is split between agriculture and forest. Of course,
additional pipeline proposals could change the distribution of impacts in the future.
This analysis also demonstrated how geospatial analysis can be used to determine a
rough estimate of land disturbance area based only on pipeline route information.
There is often a considerable delay between the initial route proposal for a pipeline
and the environmental analysis or environmental impact statement that includes a
full accounting of the land cover impacts using detailed ROW information. The
pipeline proponent and FERC will have access to the most authoritative information
on the project, and are in the best position to assess potential impacts with a high
degree of certainty. The higher-resolution data for both the pipeline ROW and
potentially, existing land cover (plus, likely field surveying) allow a higher degree of
certainty than we could achieve in this analysis. Nonetheless, our methodology in
this report demonstrates that a fairly accurate initial estimate of impacts can be
generated using only proposed and existing pipeline route information and the
National Land Cover Dataset (NLCD). We validated our results, and found that the
error in total disturbance area was less than 5 percent compared to the FERC
environmental analysis documents. The specification of forest area impacted
requires an adjustment factor to account for uncertainty and coarse resolution in the
NLCD.
We also determined that small errors in the pipeline route are not likely to be
extremely consequential with respect to land cover breakdown. Changes in overall
length due to altered routes will of course affect acreage of impact, but small
perturbations or uncertainty in the proposed route may not greatly affect results.
The overall breakdown of land cover disturbance is nearly constant as theoretical
ROW width expands, even far beyond the construction ROW. This leads to some
potentially useful rules of thumb for pipeline construction. For instance, a 50-foot
ROW will affect, on average, four acres of forest per mile in the DRB (based on the
routes of these eight pipelines).
There are several ways this analysis could be expanded in the future. First, the
analysis method could be applied to other geographic areas such as the Susquehanna
River Basin or the entire State of Pennsylvania. At present, this analysis considers
only land cover changes due to development of the pipeline ROWs, and potential
stream crossings, but no secondary impacts on land or water resources. The results
from this study could feed into secondary impact analyses. For instance, the
permanent pipeline ROWs could be used with existing land cover data to estimate
secondary forest impacts such as fragmentation and loss of core forest as a result of
the new forest edges along the ROWs. Or the total disturbance area and existing land
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cover distribution could be used as inputs in a water quality model to estimate
potential changes in sediment loading to streams.
It is worth noting that in Pennsylvania, pipelines are a special topic of concern
because of the rapid increase in shale gas development since 2007. Some estimate
that 30,000 miles of additional pipelines may be constructed in Pennsylvania in the
next 30 years [41]. The majority of those will likely be the smaller gathering lines to
move gas from production wells to the existing distribution network, but new
transmission lines will also be needed to handle the increased production. In 2015,
Pennsylvania Governor Tom Wolf appointed a pipeline task force, managed by the PA
Department of Environment Protection, to study pipeline impacts in Pennsylvania
and come up with a list of recommendations [42]. Similar to the motivations of this
study, the task force found that the pipeline approval and permitting review process
may not always account for long term, cumulative impacts: “Chosen routes do not
necessarily avoid sensitive lands, habitats, and natural features. . . . Impacts to
natural and cultural resources, landowners, and communities along them not always
avoided, minimized or mitigated. . . . Individual decisions can accumulate into a
much broader and longer impact on the citizens and the lands of a community,
county or watershed” [42].
The Pipeline Task Force’s report included 12 top recommendations, and 184 overall
recommendations for improving the pipeline infrastructure development process in
Pennsylvania [43]. These recommendations may affect the permit and approval
process in the future, and thus, pipeline routing and construction methods. (Note
that no policy changes have been adopted, and these state level recommendations
likely will not directly affect the FERC process.) Accordingly, the methodology used
in this study would have to be adapted to account for potential changes where
possible. Some of the most relevant recommendations relate to better information
sharing about pipeline routes, planning routes to avoid or mitigate environmental
impacts, and construction methods and offsets to reduce net environmental impacts.
The recommendation for earlier information sharing about proposed pipeline routes
(including GIS data) would make assessing impacts with a methodology like the one
used in this study easier. Other recommendations might affect ROW routes or
widths. For instance, the recommendation to “Reduce Forest Fragmentation in
Pipeline Development” could discourage routes from going through core forest areas.
The recommendation to “Minimize Impacts to Riparian Areas at Stream Crossings”
could result in changing assumptions about ROW width near stream crossings.
Finally, several recommendations include policies for either mitigation banking or
net loss limits for certain land cover types such as wetlands, forests in headwater
watersheds, riparian buffers [43]. These types of policies would require more
clarification in order to be modeled, and the methodology would have to account for
the policies’ impact through adjustment factors or additional assumptions (e.g.,
assume forest area loss is replaced within the same watershed).
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In summary, the next several years and decades will witness much more pipeline
development in Pennsylvania and the Delaware River Basin. The pipeline projects will
result in some impacts to land resources, water resources, cultural resources,
ecosystems, and air quality, among others, even after accounting for project-specific
mitigation measures. Analyzing several projects at once can give a clearer picture of
potential cumulative impacts, but it requires timely and accurate geospatial
information on proposed pipeline routes. It appears likely that Pennsylvania will
consider recommendations to change the pipeline infrastructure development
process to further mitigate or avoid impacts, especially for particularly sensitive
resources. These changes may complicate future analyses such as this one, but may
ultimately result in lessened impacts over the landscape of development.
Analyzing the cumulative impacts of concurrent pipeline projects is likely to be an
ongoing need in Pennsylvania, for FERC interstate transmission pipeline proposals,
and wherever pipeline infrastructure is being expanded. Pipelines are necessary to
move liquid fuels across the country; they are an efficient means of transport, but
their development does have short-term and long-term impacts on the landscape
over which they are built. Policymakers at various levels may find analyses such as
that presented in this study useful for comprehending how new pipeline proposals
add to the cumulative impacts in geographic areas of interest. They may then
determine whether mitigation measures may be appropriate, based on cumulative
landscape impacts rather than solely on project-specific impacts.
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Appendix A: County and Watershed
Results Tables
Table 11 displays the county-level area impact for the new permanent ROW, and
Table 12 does so for the construction ROW.
Table 13 shows the impact area for the permanent ROW, broken down by land cover
type and HUC10 watershed. Table 14 shows the impact area for the construction
ROW, broken down by land cover type and HUC10 watershed.
Table 15 shows the number of stream crossings in each HUC10 watershed. These
crossings reflect points of intersection between proposed pipeline routes and
NHDPlus v2 stream flowlines within the DRB. We used existing pipeline routes to
identify where existing crossings are located. In situations where a proposed
pipeline’s crossing is within 250 feet of an existing crossing, there may be the
potential for a shared crossing, which could reduce the impact of the stream
crossing. It is certainly possible these potential shared crossings may require a new
crossing. Nonetheless, we have identified the total number of crossings, potential
“shared” crossings, and the remaining crossings—which, by default, will be “new”
crossings. Many of the new crossings that occur are associated with greenfield
construction, and the potential shared crossing locations are typical for looping
projects.
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Wetland

Grassland/Shrub

Ag - Pasture

Ag- Cultivated

Open Land

Developed

Water

Total

Total land disturbance by county for new permanent ROWsa

Forest

Table 11.

Burlington, NJ

2.8

0.6

0.8

2.4

6.3

18.6

10.4

0.0

41.9

Gloucester, NJ

0.9

1.9

0.4

2.1

1.2

4.9

9.0

0.0

20.6

Hunterdon, NJ

76.0

1.2

10.8

39.2

40.5

7.5

0.7

0.0

175.9

Mercer, NJ

10.5

1.4

11.6

8.4

9.9

2.5

1.2

0.0

45.5

Monmouth, NJ

2.0

0.1

0.4

1.6

2.4

7.6

1.9

0.0

15.9

Ocean, NJ

2.4

0.8

0.5

0.4

2.6

21.9

23.6

0.0

52.2

Warren, NJ

9.3

0.4

0.5

1.1

14.0

3.8

0.5

0.1

29.6

Broome, NY

40.7

0.9

1.3

29.0

4.9

3.8

0.1

0.0

80.8

Berks, PA

43.9

0.3

8.4

14.6

14.3

18.1

11.3

0.1

111.0

Bucks, PA

0.6

0.0

1.5

0.9

6.5

0.4

0.3

0.0

10.3

Carbon, PA

137.7

1.7

2.0

13.0

1.2

9.8

3.6

0.4

169.5

Chester, PA

27.7

1.4

8.7

18.6

14.0

41.5

35.5

0.0

147.5

Delaware, PA

18.4

0.4

1.4

2.2

2.5

26.5

12.0

0.0

63.4

Luzerne, PA

65.8

4.9

9.7

0.0

0.0

2.2

0.5

0.0

83.1

Monroe, PA

63.5

5.3

0.2

4.2

1.4

14.1

0.6

0.8

90.1

Northampton, PA

53.4

0.5

5.8

15.3

82.6

22.1

10.5

0.0

190.3

104

6

25

55

77

67

47

0

382

Subtotal - NY

41

0.9

1.3

29

5

4

0

0.0

81

Subtotal - PA

411

15

38

69

123

135

74

1

865

TOTAL - DRB

555

22

64

153

204

205

122

1

1328

County

TOTALS - by State
Subtotal - NJ

Land disturbance estimate computed by Method A (see table 5). Totals may not sum
exactly due to rounding.

a.
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Wetland

Grassland/Shrub

Ag - Pasture

Ag- Cultivated

Open Land

Developed

Water

Total

Total land disturbance by county for construction ROWsa

Forest

Table 12.

Burlington, NJ

5.4

1.2

1.6

6.9

16.3

31.2

19.4

0.0

81.9

Gloucester, NJ

2.5

2.9

1.3

6.8

3.8

13.8

24.8

0.0

55.9

Hunterdon, NJ

157.9

2.2

24.1

88.9

92.0

15.3

1.6

0.0

382.1

Mercer, NJ

24.2

2.4

20.5

19.2

24.0

4.8

2.9

0.0

97.9

Monmouth, NJ

4.7

0.3

0.7

3.3

4.1

14.2

3.7

0.0

30.9

Ocean, NJ

6.1

1.2

1.2

1.2

9.4

37.8

44.9

0.0

101.9

Warren, NJ

29.1

1.0

1.7

2.9

41.6

10.8

1.8

0.3

89.2

Broome, NY

80.8

1.0

2.4

65.0

11.1

8.1

0.4

0.0

168.8

Berks, PA

115.6

0.9

22.6

35.3

38.1

45.2

26.8

0.1

284.6

Bucks, PA

1.2

0.0

3.2

2.2

15.4

0.7

0.4

0.0

23.0

Carbon, PA

276.5

2.5

4.0

31.6

2.9

20.3

7.5

0.5

345.7

Chester, PA

67.2

3.4

19.0

44.2

35.3

86.1

67.4

0.1

322.6

Delaware, PA

31.3

1.1

2.7

4.9

5.8

56.0

25.8

0.0

127.7

Luzerne, PA

150.4

9.8

14.3

0.0

0.0

5.1

1.1

0.0

180.7

Monroe, PA

170.9

9.1

0.5

13.3

4.0

40.6

1.9

2.1

242.5

Northampton, PA

121.5

1.9

12.7

35.3

197.4

49.9

22.1

0.2

441.0

Subtotal - NJ

230

11

51

129

191

128

99

0

840

Subtotal - NY

81

1.0

2.4

65

11

8

0.4

0.0

169

Subtotal - PA

935

29

79

167

299

304

153

3.0

1968

TOTAL - DRB

1245

41

133

361

501

440

253

3

2977

County

TOTALS - by State

Land disturbance estimate computed by Method A (see table 5). Totals may not sum
exactly due to rounding.

a.
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Ag- Cultivated

Open Land

Developed

Water

40.7

0.9

3.8

4.9

29.0

0.1

1.3

0.0

204010103

40.7

0.9

3.8

4.9

29.0

0.1

1.3

Middle Delaware
204010408
204010503
204010504
204010505
204010506
204010509

117.4
4.2
5.1
6.0
3.8
15.9
82.4

3.5

24.9
0.4
7.6
1.2
0.8
5.6
9.3

90.0
0.5
11.5
3.2
3.4
21.6
49.9

56.3
1.3
0.4
0.5
1.5
7.2
45.4

6.4
0.4
2.6
0.2
0.3
1.2
1.9

26.0

Lehigh
204010601
204010602
204010603
204010604
204010605
204010608

299.4
30.9
82.9
63.9
50.6
34.0
36.9

12.1
2.8
7.0
1.8

66.0
0.7

25.8
0.5

11.5

16.2

0.2
0.0
1.1
63.9

2.4
3.8
9.2
9.8

0.5
0.3
0.3
3.3
7.1

9.7

0.4
0.1

37.6
5.0
2.4
7.3
7.1
3.9
11.9

0.6
1.6
4.2

0.3
0.2

Crosswicks-Neshaminy

7.1

1.4

45.5

11.3

4.3

31.7

1.7

0.0

204020101

4.6

0.9

33.3

6.9

3.6

26.0

0.9

76.1

204020104

2.4

0.5

12.2

4.4

0.8

5.7

0.8

26.9

Lower Delaware

19.5

2.3

45.8

3.7

4.5

33.4

2.0

204020201

0.1

4.3

0.0

7.0

204020206

19.4

2.3

43.2

3.7

4.5

29.1

1.9

104.2

Schuylkill
204020303
204020304
204020306
204020307
204020310

44.9
4.5
15.7
69.2
0.9
0.1

0.5

13.7
1.5
25.6
2.2
0.6

17.2
0.6
2.5
30.1
2.9

20.4
0.8
8.7
24.7
1.3
0.6

9.1
0.0
6.5
5.2
0.3
0.4

0.1

0.9
0.2

19.4
1.2
7.1
16.7
4.5
0.3

Brandywine-Christina

26.5

1.2

26.9

9.3

15.6

25.6

7.9

0.0

113.0

26.5

1.2

26.9

9.3

15.6

25.6

7.9

0.0

113.0

555

22

198

205

153

129

64

1

1327

Watershed (HUC)

204020501
TOTAL - DRB

0.4
0.3
0.3
0.2
2.4

2.6

41

0.1
0.3
0.2
3.3
22.0

Grand Total

Ag - Pasture

Upper Delaware

Forest

Grassland/Shrub

Pipeline land area impact [acres] by watershed, Permanent ROW

Wetland

Table 13.

80.7
80.7

0.1
0.0

0.1
1.1
0.5
0.1

0.0

0.1

324.6
6.8
27.7
11.7
10.3
55.0
213.2
469.7
40.5
102.7
75.9
62.7
53.9
134.1
103.0

111.2

125.2
8.6
40.5
172.5
12.3
1.9
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Ag- Cultivated

Open Land

Developed

Water

80.7

1.5

8.1

11.1

65.0

0.4

2.4

0.0

204010103

80.7

1.5

8.1

11.1

65.0

0.4

2.4

Middle Delaware
204010408
204010503
204010504
204010505
204010506
204010509

271.6
13.3
18.8
18.7
11.5
37.3
172.0

7.0

56.4
1.1
17.2
2.9
2.3
14.1
18.8

223.9
1.5
29.5
9.7
9.7
58.8
114.7

133.0
5.3
1.5
1.3
4.6
18.4
101.9

16.1
0.9
6.5
0.7
0.9
2.6
4.5

53.6
0.0
0.4
1.0
0.7
8.2
43.4

0.3
0.0

Lehigh
204010601
204010602
204010603
204010604
204010605
204010608

660.0
77.8
186.6
130.1
109.9
79.7
76.0

22.3
5.0
13.2
2.8

153.4
1.8

60.1
1.3

23.3

0.4
0.2
2.9
148.1

5.6
10.0
22.7
20.5

1.1
1.0
0.6
7.0
13.6

27.4
0.0
14.3
0.0
1.3
3.2
8.6

2.8
1.3
0.1

0.7
0.6

91.3
12.4
5.5
16.0
21.4
9.7
26.3

0.3
0.9
0.2

1040.6
99.6
220.8
155.8
143.7
126.9
293.8

Crosswicks-Neshaminy

15.7

2.7

79.6

29.8

11.4

58.4

3.1

0.0

200.6

204020101

11.1

1.5

57.9

18.7

8.9

45.8

1.6

145.6

204020104

4.5

1.2

21.6

11.1

2.5

12.6

1.6

55.0

Lower Delaware

34.9

4.2

93.1

9.7

11.8

73.7

4.8

204020201

0.5

9.6

0.4

14.1

204020206

34.3

4.2

89.4

9.7

11.8

64.1

4.5

218.1

Schuylkill
204020303
204020304
204020306
204020307
204020310

118.4
13.3
33.1
69.2
2.4
0.4

1.6

35.5
3.2
0.0
25.6
4.6
2.1

46.4
3.6
15.9
16.7
9.7
0.6

44.6
1.4
5.6
30.1
7.4

50.4
1.6
19.2
24.7
3.0
1.9

21.6
0.0
15.1
5.2
0.4
1.0

0.1

Brandywine-Christina

63.9

2.7

59.8

25.0

36.7

49.0

17.2

0.1

254.4

63.9

2.7

59.8

25.0

36.7

49.0

17.2

0.1

254.4

1245

41

424

499

363

271

130

3

2977

Watershed (HUC)

204020501
TOTAL - DRB

1.3
0.6
0.8
0.2
4.1

3.6

0.9
0.7

42

Grand Total

Ag - Pasture

Upper Delaware

Forest

Grassland/Shrub

Pipeline land area impact [acres] by watershed, Construction ROW.

Wetland

Table 14.

169.2
169.2

0.0
0.3

0.0

0.1

761.8
22.0
75.3
34.8
30.4
139.8
459.5

232.2

318.6
23.2
88.9
172.5
28.2
5.9

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Table 15.

Stream crossings by HUC-10 watershed: total, shared (potentially, with
existing crossings), and new (=total – shared)

Watershed (HUC10 #)
Upper Delaware
204010103

Total

Shared

New

11

0

11

11

Middle Delaware
204010408a
204010503
204010504
204010505
204010506
204010509

39

Lehigh

11
15

24

6
3
3
6
21

6
3
3
3
0

0
0
0
0
3
21

58
13
20
4
9
4
8

42
13
19
4
4
2

16
0
1
0
5
2
8

Crosswicks-Neshaminy
204020101
204020104

8

0

8

Lower Delaware
204020201
204020206

15

7

8

0
15

7

0
8

18

8

10

204010601
204010602
204010603
204010604
204010605
204010608

Schuylkill
204020303
204020304
204020306
204020307
204020310

5
3

5
3

2
2
12
2

6
2

2
2
6
0
0

Brandywine-Christina
204020501

26

20

6

26

20

6

TOTAL - DRB

175

92

83

HUC10 numerical codes shown grouped by HUC8 name. This HUC10 is in the Middle
Delaware-Mongaup-Brodhead HUC8. The remaining HUC10s in this grouping are in the
Middle Delaware-Musconetcong HUC8.

a.
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Figure 1. U.S. dry gas production. Source: EIA and Labyrinth Consulting
Services, Inc.
(Click image to enlarge)

The

production

increases

reported

by

EIA

are

year-over-year

comparisons that don’t reflect declines during the last 4 months.
Prices have fallen to less than half what they were in early 2014. The
average

price

for

the

first

quarter

of

2016

is

only

$2.25

per MBTU2 (Figure 2).

Figure 2. Henry Hub daily and quarterly average natural gas prices. Source:
EIA and Labyrinth Consulting Services, Inc.
(Click image to enlarge)

Hedges made when prices were in the $5-range carried many
companies through falling prices as they continued to produce like
there was no tomorrow. Tomorrow has arrived and the hedges are
gone.
Over-production in the Marcellus Shale means that producers have to
compete for limited pipeline capacity by deeply discounting their sales
price. The best core area locations are commercial at $4 per mcf3 but
wellhead prices averaged only $1.75 per mcf in 2015.
No Simple Solution to Falling Supply
There is no simple solution to falling supply. That’s because almost half
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of U.S. supply is conventional gas and it is in terminal decline. Now,
shale gas is also in decline (Figure 3).

Figure 3. U.S. conventional and shale gas production. Source: EIA and
Labyrinth Consulting Services, Inc.
(Click image to enlarge)

Conventional gas supply has fallen 16.75 bcfd since July 2008. Until
July 2015, increases in shale gas production more than offset
those losses.
Conventional gas will continue to decline at about 5% per year because
few companies are drilling those plays. Shale gas must, therefore,
continue to grow by at least 15 bcfd per year just to offset annual
conventional gas decline (~2.5 bcfd per year) and legacy shale gas
production decline (~12.5 bcfd per year).
It will take 15 bcfd of new shale gas production in 2016 to keep U.S.
production flat.
Shale gas production replacement and growth for 2015 were 14.5 bcfd,
down from almost 18 bcfd in 2014. It will be difficult to match 14.5
bcfd in 2016 because shale gas production has been falling 0.72 bcfd
(~2.2 bcfd annualized) for the last 4 months of data (Figure 4).
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Figure 4. Shale gas production. Source: EIA and Labyrinth Consulting
Services, Inc.
(Click image to enlarge)

The biggest declines since peak production are from the older “legacy”
shale gas plays namely, the Barnett, Fayetteville and Haynesville (Table
1).

Table

1.

Summary

table

of

shale

gas

volume

changes

since

peak

production. Source: EIA and Labyrinth Consulting Services, Inc.
(Click image to enlarge)

Although additional reserves exist in the Barnett and Fayetteville
plays, the core areas have been largely developed and marginal areas
require substantially higher gas prices to be commercial. There is only
one horizontal rig operating in the Barnett and there are none in the
Fayetteville.
Production in the Haynesville Shale has decreased by 3.64 bcfd since
its peak. High costs and relatively low EURs make the play uneconomic
below about $6.50 gas prices. Parts of the core areas remain underdeveloped at today’s prices.
Marcellus production declined 0.52 mcfd since July 2015. Most of this
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probably represented intentional shut-ins because of low wellhead
prices. Marcellus production can grow but new pipelines are needed to
turn

reserves

into

supply.

Even

with

additional

infrastructure,

production will peak in the next few years just like in the older plays.
Production in the Utica and Woodford plays is increasing but it is
largely offset by declining associated gas from the Eagle Ford, Bakken
and other tight oil plays.
A Supply Deficit Even In The Optimistic EIA Case
The EIA forecasts that net dry gas production will increase 1.4 bcfd
in 2016 and 1.6 bcfd 2017. Even with that optimistic forecast, their
data still shows that the U.S. will have a supply deficit beginning in the
last quarter of 2016 (Figure 5). A more realistic forecast implies a
much greater deficit that begins sooner.

Figure 5. U.S. natural gas supply balance and forecast. Source: EIA and
Labyrinth Consulting Services, Inc.
(Click image to enlarge)

A supply deficit does not mean that there won’t be enough gas. There
is ample gas presently in storage to cover a supply shortfall for awhile.
That is what happened during the supply deficit in 2013-2014 (Figure
5). That deficit was created by flat production similar to what EIA
predicts for the first 3 quarters of 2016.
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What is different this time, however, is that net imports will reach zero
in early 2017 because of decreasing imports from Canada and
increasing exports. Add to that the challenge of replacing conventional
gas depletion, and there is a much more serious supply problem than
EIA’s already questionable forecast suggests.
Another big difference is that in 2013-2014, capital was freely available
with average oil prices above $90 per barrel and average gas prices
more than $4 per MBTU. Today, the oil and gas industry is in financial
shambles with both oil and gas prices at very low levels, and it is
unlikely that companies can raise the capital necessary to ramp up gas
drilling quickly if at all.
Export plans of at least 7 bcfd by 2020 are not helpful considering the
challenges of meeting domestic supply in coming years (Figure 6).

Figure 6. U.S. net natural gas exports. Source: EIA and Labyrinth Consulting
Services, Inc.
(Click image to enlarge)

The prospect of exports increasing to 13 bcfd by 2030 is even more
troubling absent some new shale gas play that we don’t know about
yet.
Higher Gas Prices Are Inevitable
A few years ago, the oil and gas industry convinced the world that the
U.S. had 100 years of natural gas. Some of us cautioned that it is
worth reading the fine print, that there is a difference between a
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resource

and

a

reserve.

The

harsh

light

of

reality

eventually

reveals that what seems too good to be true usually is.
The obvious solution to declining gas supply is higher prices.
The EIA’s STEO forecast calls for $3.17 per MBTU gas prices
by December 2016 and for $3.62 by December 2017. Those prices will
not support necessary drilling in legacy shale gas plays. EIA’s AEO
2015 reference case does not call for gas prices to reach $5 per mcf
until 2025. We can’t afford to wait 9 years.
It is, therefore, inevitable that natural gas prices must increase sooner,
preferably in the next 12 to 24 months. If oil prices remain low, a
shale-gas revival may save the domestic E&P business. During the last
supply deficit in 2014, gas prices averaged $4.36 per mcf compared to
only $2.63 in 2015.
But it will take time for producers to reverse the decline in drilling and
production. It may be difficult to raise capital for renewed drilling given
the current distress in the oil and gas industry.
Something will have to give sooner than later. That will be natural gas
export.
___________________________________________________________________
1 billion cubic feet of gas per day
2million British thermal units, approximately 1000 cubic feet of gas
3thousand cubic feet of gas
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42 comments on this entry
1. On February 22nd, 2016 at 3:56 am from Dean
Thanks for the interesting post. Is it possible to know what is the
percentage of associate gas from oil wells over total dry gas
production ? Thanks,Dean

2. On February 22nd, 2016 at 8:54 am from Arthur Berman
Dean,
The EIA publishes production data for gas production from oil
wells and, specifically, the gas production from the main tight oil
plays. Also, there is a weekly update on shale gas production
that includes gas from tight oil plays.
All the best,
Art

3. On February 22nd, 2016 at 6:49 am from Cloud9
If prices don’t go up, we are cooked. The real question is has the
EROEI reached the tipping point?
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4. On February 22nd, 2016 at 9:00 am from Arthur Berman
Cloud9,
EROI or net energy is difficult to know. Getting reliable and
consistent data on this has been frustrating to the researchers
also.
Net energy is a critical factor and is unfortunately best
understood with basic economics. Most shale gas production is
non-commercial at current gas prices. That is a proxy for an
imbalance in net energy. Quantifying how the loss in net present
value relates to net energy is another thing.
Thanks for your question,
Art

5. On February 22nd, 2016 at 10:17 am from Mike
Art,
I’m curious as to what effect the Permian associated gas has on
this metric?
Mike

6. On February 22nd, 2016 at 12:10 pm from Arthur Berman
Mike,
What metric are you referring to? Net energy (EROI) or the
contribution to total gas production from gas associated with
tight oil production?
The Permian basin is complicated because almost no production
is from shale. Most of the production using horizontal drilling and
hydraulic fracturing is from 3 conventional oil plays: Wolfcamp,
Spraberry and Bone Spring. Oil and gas production in the
Permian basin peaked in 1974 at 2.3 mmbpd and 10.4 bcfd,
respectively. Today, oil production has recovered to 2 mmbpd
and gas, to 7 bcfd.
Wolfcamp-Spraberry-Bone Spring gas production is 3.1 bcfd and
oil production is 0.9 mmbpd. This is the production that people
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should focus on. 3 bcfd is comparable to the Barnett, Utica and
Haynesville but less than the Eagle Ford or Marcellus (see table 1
in my current post). It is 4% of total dry gas production.
Let me know if this is the answer you are looking for if there is
some other metric you are asking about.
Art

7. On February 22nd, 2016 at 12:19 pm from Terrel Shields
Do you think the gas heavy players (SWN, CHK, etc.) can “ramp
up” gas production if prices improve? It seems to me that
financing may play a role. We are now down to zero rigs in the
Fayetteville (in fact, in the whole state of Arkansas) and many of
these rigs are in mothballs. I don’t see where SWN is going to
scrape up the cash to really bring back a lot of rigs in say the
Fayetteville.

8. On February 22nd, 2016 at 12:22 pm from Arthur Berman
Terrel,
I agree with you. I don’t think that it will be easy to raise capital
to ramp up shale gas drilling–certainly not with the E&P business
in its current mess. In a few years with higher gas prices, yes.
All the best,
Art

9. On February 23rd, 2016 at 4:56 am from TaylorScott
Art, thank you so much for sharing your data driven and factual
knowledge of all manner oil and gas industry. It is invaluable and
I am grateful that you are gracious to share it with the public. As
a 30 year veteran of the oil and gas industry I have never read
more accurate, forthright and valuable articles. Please continue
to write so we may all learn the truth about the complex oil and
gas industry. Scott.

10. On February 23rd, 2016 at 9:22 pm from Arthur Berman
Scott,
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Thanks for those supportive comments!
All the best,
Art

11. On February 23rd, 2016 at 1:47 pm from Dave
Art,
Thoughtful commentary – thank you. With all the money from
Private Equity and to a large extent, plentiful supply still coming
from the public market, would there likely be a quick response to
higher prices w/ increased drilling bringing new production online quickly, plus efficiency gains (lower drilling and completion
costs), plus DUC’s leading a muted price response and/or the
proclivity for producers to hedge future too quickly after
sustained low prices?

12. On February 23rd, 2016 at 9:28 pm from Arthur Berman
Dave,
I believe that the capital for shale gas and tight oil is largely
gone although we see some last gasps like the Devon and
Pioneer equity offerings. I don’t think it will come back quickly
either. The debacle in the banking business with energy debt is
just beginning, and it will be ugly and may spill over into other
markets. The bankruptcies will be sobering as well.
Most of the talk about efficiency gains and DUCs is noise to
distract from the truth that the companies are losing their asses.
Everyone has been wrong about when the bubble will finally
deflate so I don’t want to be too adamant but I believe the U.S.
E&P business is injured more than many realize. That’s not good
news.
All the best,
Art

13. On February 23rd, 2016 at 6:49 pm from David Ryan
Art, can you give me a ballpark estimate of what you think
gas prices might rise to before we see a supply response?
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Thank you sir

14. On February 23rd, 2016 at 9:30 pm from Arthur Berman
David,
I don’t do price forecasts. I stated in the post that prices
averaged more than $4/mcf during the last supply deficit during
2012-2013. That’s not a bad guideline but really, a lot depends
on weather and the economy.
All the best,
Art

15. On February 23rd, 2016 at 10:24 pm from PaOil
Hi Art,
As always, thank you for your solid work. In the Marcellus/Utica
there remain a number of completed but shut-in wells. A number
frequently discussed in the industry is 1200 to 2000 such wells.
(These are in addition to DUC’s.)
If that number is in the ballpark, and if they are shut in due to
either pipeline constraint or pricing, they are presumably able to
come on line when heightened demand frees up pipeline capacity
or lifts pricing.
How have shut in wells factored into your thinking and is 1000+
consistent with information you are hearing about the
Marcellus/Utica? Are completed but shut in wells a factor in any
other play?
Thanks. Always look forward to your research and perspective.

16. On February 24th, 2016 at 5:45 am from Arthur Berman
PaOil,
During the fall in rig count after the Financial Collapse a few
years ago, there were all kinds of articles speculating that there
were thousands of shut-in and waiting-on-completion wells that
would overwhelm supply. At one point, I saw an estimate of
12,000 of these wells. Although there were unquestionably many
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valid cases of spare capacity wells, the outcome was like Y2K–
much ado about little.
Shut-in and WOC wells represent poor planning and
management of capital. They also appear to be a normal part of
the development cycle for shale companies as drilling exceeds
the availability of completion crews and take-away infrastructure.
It is no surprise that chronically cash-flow negative companies
are poorly managed.
I have no idea how many spare capacity wells there are in the
Marcellus. The real question is, What is the normal, ambient
backlog of these wells and how do current guesses about their
numbers compare to those levels?
There are a host of issues that the industry and pandering
analysts throw out to the public to distract from the reality that
the shale gas plays are not commercial. DUCs are a sure bet to
get people’s attention. Drilling efficiency is another. We must be
diligent to separate the signal from the noise.
If there is spare capacity production in the Marcellus, it will need
pipeline capacity to reach sales. I don’t see a lot of new capacity
getting added with the E&P industry in shambles and the overall
economy weak but I could be wrong. I suspect that most
renewed pipeline approval and construction will have to wait on
higher gas prices and suppliers in a stronger financial position to
deliver on send-or-pay commitments.
I don’t envision gas prices rising to the $6-8 level. Coal vs gas
pricing creates a ceiling. Prices above $4 would not surprise me
in the coming few quarters.
All the best,
Art

17. On February 23rd, 2016 at 10:25 pm from Dave
Thanks Art,
There could be a view that all the dry powder from Energy
Private Funds raised will prolong the glut beyond what seems
reasonable or rational. Today, a SPAC backed by Riverstone
(Silver Run) raised $450MM to buy distressed companies in the

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

E&P space and there is north of $125bn of dry powder for PE
firms to invest (Preqin) in energy and over 200 funds raising
fresh capital at the moment, the demand remains high. It will be
interesting to see how well this new money gets put to work.

18. On February 24th, 2016 at 5:22 am from Bradley
Dean,
I was looking for the same info today and according to this it is
8% and in 2014 represented 33% of the nat gas growth.
http://www.reuters.com/article/us-energy-natgas-shaleidUSKBN0IP03D20141105

19. On February 24th, 2016 at 5:46 am from Bradley
Thank you Art,
Your predictions have really been on point for the last year (the
period I have been following your articles) and your insight has
been a great help. BTW I think the figures from the article I
posted above are incorrect when bumped up against EIA’s data.
No surprise.
Question: What effects do you believe the increasing
bankruptcies (40 or so last year) will have on Natural Gas
production? I have read some terminate drilling but some do not.
Bradley

20. On February 24th, 2016 at 5:55 am from Arthur Berman
Bradley,
I was on a panel at UT Austin last week for UT Energy Week and
the other panelists were energy economists, hedge fund
managers and E&P financial people. They agreed that more than
30% of U.S. oil and gas companies will go bankrupt in 2016.
That will have a huge effect on drilling, production and pipeline
construction. Bankruptcy allows all contracts to be ignored, I
believe—drilling, send-or-pay, etc.
Please see this recent article “As U.S. shale sinks, pipeline fight
sends woes downstream” on energy bankruptcies.
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All the best,
Art

21. On February 24th, 2016 at 12:05 pm from Clueless
Your comment on fig 3: “Conventional gas supply has fallen
16.75 bcfd since July 2008. Until July 2016, increases in shale
gas production more than offset those losses.”
Should that be until July 2015?

22. On February 24th, 2016 at 12:20 pm from Arthur Berman
Clueless,
Thanks for noticing that error. It is fixed now.
All the best,
Art

23. On February 24th, 2016 at 12:48 pm from Martin
Wow, you guys are amazing! Thank you Art for all the insight
and substantive details you share with us. I have learnt so much
with you in the last few years.
All the comments here are also spot on. I had some questions
but you beat me to the smart ones.
Thank you,
Martin

24. On February 24th, 2016 at 1:49 pm from Sergey
Hello Art,
I’ve been reading your articles for a while. Thank you for
providing such usefull and consistent information. One question
arises though: according to the last few EIA’s natural gas weekly
updates, production of dry gas has risen almost 6% for the last
1.5-2 month. However, there is no such information in Drilling
Productivity Report. In the report for week ending February 10
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they say that “New Northeast pipelines help boost gas production
18%”, but it only explains 4% growth max.
I would be really greatful if you could privide some comments on
that.
All the best,
Sergey

25. On February 24th, 2016 at 5:25 pm from Arthur Berman
Sergey,
EIA’s most recent Short-Term Energy Report shows both dry gas
and marketed gas for January 2016 lower by more than 1 bcfd
from peak levels in September 2015.
In the Monthly Energy Review, EIA cites Bentek as the source of
higher gas production. Bentek measures pipeline flows and is a
long-time sycophant of the natural gas-shale gas business.
Obviously, EIA thinks enough of their work to mention them in
the MER but not enough to include their data in the STEO.
The main new northeast pipeline capacity is from the Rockies
Express that has been reversed to take 0.55 bcfd of gas west
from Pennsylvania and Ohio. Columbia, Tennessee and Tetco also
completed pipeline expansions that will carry another 1.3 bcfd. I
assume that this new capacity is included in the January STEO
data so I cannot really address your questions except to say that
when I see the increase in the February STEO, I will report it. I
do not have a partisan position about Marcellus gas and am just
summarizing the patterns that I see in the EIA data.
All the best,
Art

26. On February 25th, 2016 at 10:13 am from Terrel Shields
You mentioned the damage done to the industry will be severe.
One of the old timers (in other words, my age group) I visit with
regularly will be spudding a well soon and he mentioned that the
companies hired are cheap now but he expects costs to rise
because the more rigs that lay down, the more companies go
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under, then there won’t be that many rigs to choose from. In
fact, those high dollar rigs are mostly doomed in his mind. They
may never drill another well and are headed for the scrap pile.
So I am pretty confident that this shake out will seriously impact
the service sector at least as much as the explorers. If the glut
shrinks fast, and power plants ramp up gas consumption for
electric production at the expense of coal (which suffers from
Presidential headwinds) then it suggests natural gas could pop
upwards and new drilling isn’t going to fuel a glut for some time.
The recovery may be very slow, even beside the fact the banks
are being toasted dark brown and won’t be so eager to lend.
– “We can’t just drill our way to lower gas prices,” Later in his
speech, he added: “anybody who tells you that we can drill our
way out of this problem doesn’t know what they’re talking about,
or just isn’t telling you the truth.” “You can bet that since it is an
election year, they’re already dusting off their three-point plans
for $2 gas. I’ll save you the suspense: Step one is drill, step two
is drill, step three is drill.” – Obama 4 years ago (thanks for the
quote to Marita Noon, energy columnist)

27. On February 25th, 2016 at 4:15 pm from Shale Gov Bailout 4 exports?
O&G growth needs ave $65/bbl & $6.5/Mcf | Arlington TX Barnett
Shale Blogger

[…] Berman said on 2/21/16 that the price of natural going up is
inevitable. […]

28. On February 27th, 2016 at 3:52 pm from Joseph Wells
Art, great article. You nailed it. The sooner than later price
increase will be between now and July 2016. I made a similar
prediction in the following article. My forecast was made by
computer model where production of all wells was determined
theoretically based on past drilling activity. The process also
depends on production curves and published EIA drilling rig
productivity and results in production that is amazingly close to
EIA records. By playing with the model I was also able to deduce
that the overall effect DUCs is very small. BTW I’m just an
engineer who recently took an interest in natural gas because of
the wild swing happening right now.
http://seekingalpha.com/article/3911266-2016-oil-natural-gasproduction-storage-forecasts
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29. On March 6th, 2016 at 2:15 pm from Dan Steffens
Horizontal oil wells in four major oil producing regions (Bakken,
Eagle Ford, Niobrara and Permian Basin) produced about 8 Bcf
per day in 2015. Gas from all four is now on steep decline.

30. On March 7th, 2016 at 4:38 pm from Arthur Berman
Dan,
Niobrara and Eagle Ford have certainly declined a lot. Shale gas
is down 0.7 bcf/d excluding Barnett, Fayetteville and
Haynesville–with them, its 6.7 bcfd.
Thanks for your comments,
Art

31. On March 10th, 2016 at 2:56 pm from Flint Ogle
Great analysis, Mr. Berman. Regarding your figure 5, are you
somehow normalizing the data (I assume drawn partially from
table 5a in the EIA STEO)? I created a similar chart from the
data in the March STEO just out, and it is far choppier… Thanks
for any input. Flint

32. On March 10th, 2016 at 7:12 pm from Flint Ogle
Regarding my prior question, please disregard. Just noticed the
note on figure 5 regarding moving averages…

33. On April 7th, 2016 at 5:25 pm from Why Natural Gas Prices Could
Double From Here | Energy News Corporation

[…] October 2015* because gas production is flat, imports are
decreasing and exports are increasing. Shale gas production has
stopped growing and conventional gas has been declining for the
past 15 years. As a result, the […]

34. On April 8th, 2016 at 4:48 am from Natural Gas Prices Should Double
| Energy News

[…] October 2015* because gas production is flat, imports are
decreasing and exports are increasing. Shale gas production has
stopped growing and conventional gas has been declining for the
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past 15 years. As a result, the […]

35. On April 8th, 2016 at 12:04 pm from Why Natural Gas Prices Could
Double From Here | CAPITOL ZERO

[…] October 2015* because gas production is flat, imports are
decreasing and exports are increasing. Shale gas production has
stopped growing and conventional gas has been declining for the
past 15 years. As a result, the […]

36. On April 8th, 2016 at 2:39 pm from Why Natural Gas Prices Could
Double From Here | Political American

[…] October 2015* because gas production is flat, imports are
decreasing and exports are increasing. Shale gas production has
stopped growing and conventional gas has been declining for the
past 15 years. As a result, the […]

37. On April 12th, 2016 at 11:33 am from Why Natural Gas Prices Will
Surge Over The Next Year | Oil News

[…] 2015* because gas production is flat, imports are decreasing
and exports are increasing. Shale gas production has stopped
growing and conventional gas has been declining for the past 15
years. […]

38. On April 18th, 2016 at 1:20 pm from Why Natural Gas Prices Could
Double From Here – ValuBit

[…] October 2015* because gas production is flat, imports are
decreasing and exports are increasing. Shale gas production has
stopped growing and conventional gas has been declining for the
past 15 years. As a result, the […]

39. On June 14th, 2016 at 11:32 am from Solar Thermal – a Strategic
Vision – Solar UV Solutions

[…] October 2015* because gas production is flat, imports are
decreasing and exports are increasing. Shale gas production has
stopped growing and conventional gas has been declining for the
past 15 years. As a result, the […]

40. On July 28th, 2016 at 5:51 am from Kinder Morgan: Don't Be
Disappointed | Energy Traders
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[…] decline in natural gas production is due to lower shale gas
production and conventional gas that has either stopped growing
or have been declining in the past few years. […]

41. On August 5th, 2016 at 7:38 am from Art P
Hi Art,
Any concerns with the strong import volumes from Canada we’ve
been seeing? “What is different this time, however, is that net
imports will reach zero in early 2017 because of decreasing
imports from Canada and increasing exports.”
Cheers,
A fellow Art

42. On August 15th, 2016 at 2:58 pm from Chesapeake Energy
Corporation, United States Natural Gas Fund, LP, Cheniere Energy,
Inc.: Why Natural Gas Prices Will Surge Over The Next Year | ETF
DAILY NEWS

[…] October 2015* because gas production is flat, imports are
decreasing and exports are increasing. Shale gas production has
stopped growing and conventional gas has been declining for the
past 15 years. As a result, […]
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EXECUTIVE OFFICE OF THE PRESIDENT
COUNCIL ON ENVIRONMENTAL QUALITY
WASHINGTON, D.C. 20503

August 1, 2016

MEMORANDUM FOR HEADS OF FEDERAL DEPARTMENTS AND AGENCIES

FROM:

SUBJECT:

I.

INA GOLDFUSS
CIL ON ENVIRONMENTAL QUALITY
Fina uidance for Federal Departments and Agencies on
Consideration of Greenhouse Gas Emissions and the Effects of
Climate Change in National Environmental Policy Act Reviews

INTRODUCTION

The Council on Environmental Quality (CEQ) issues this guidance to assist
Federal agencies in their consideration of the effects of greenhouse gas (GHG) emissions 1
and climate change when evaluating proposed Federal actions in accordance with the
National Environmental Policy Act (NEPA) and the CEQ Regulations Implementing the
Procedural Provisions of NEPA (CEQ Regulations). 2 This guidance will facilitate
compliance with existing NEPA requirements, thereby improving the efficiency and
consistency of reviews of proposed Federal actions for agencies, decision makers, project
proponents, and the public. 3 The guidance provides Federal agencies a common

1 For purposes of this guidance, CEQ defines GHGs in accordance with Section 19(m) of Exec. Order No. 13693, Planning for Federal
Sustainability in the Next Decade, 80 Fed. Reg. 15869, 15882 (Mar. 25, 2015) (carbon dioxide, methane, nitrous oxide,
hydrofluorocarbons, perfluorocarbons, nitrogen trifluoride, and sulfur hexafluoride). Also for purposes of this guidance, "emissions"
includes release of stored GHGs as a result ofland management activities affecting terrestrial GHG pools such as, but not limited to,
carbon stocks in forests and soils, as well as actions that affect the future changes in carbon stocks. The common unit of measurement
for GHGs is metric tons ofC02 equivalent (mt COi-c).
2
See 42 U.S.C. 4321 ct seq.; 40 CFR Parts 1500---1508.
3 This guidance is not a rule or regulation, and the recommendations it contains may not apply to a particular situation based upon the
individual facts and circumstances. This guidance does not change or substitute for any law, regulation, or other legally binding
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approach for assessing their proposed actions, while recognizing each agency’s unique
circumstances and authorities.4
Climate change is a fundamental environmental issue, and its effects fall squarely
within NEPA’s purview.5 Climate change is a particularly complex challenge given its
global nature and the inherent interrelationships among its sources, causation,
mechanisms of action, and impacts. Analyzing a proposed action’s GHG emissions and
the effects of climate change relevant to a proposed action—particularly how climate
change may change an action’s environmental effects—can provide useful information to
decision makers and the public.
CEQ is issuing the guidance to provide for greater clarity and more consistency in
how agencies address climate change in the environmental impact assessment process.
This guidance uses longstanding NEPA principles because such an analysis should be
similar to the analysis of other environmental impacts under NEPA. The guidance is
intended to assist agencies in disclosing and considering the reasonably foreseeable
effects of proposed actions that are relevant to their decision-making processes. It
confirms that agencies should provide the public and decision makers with explanations
of the basis for agency determinations.

requirement, and is not legally enforceable. The use of non-mandatory language such as “guidance,” “recommend,” “may,” “should,”
and “can,” is intended to describe CEQ policies and recommendations. The use of mandatory terminology such as “must” and
“required” is intended to describe controlling requirements under the terms of NEPA and the CEQ regulations, but this document does
not affect legally binding requirements.
4
This guidance also addresses recommendations offered by a number of stakeholders. See President’s State, Local, and Tribal Leaders
Task Force on Climate Preparedness and Resilience, Recommendations to the President (November 2014), p. 20 (recommendation
2.7), available at www.whitehouse.gov/sites/default/files/docs/task_force_report_0.pdf; U.S. Government Accountability Office,
Future Federal Adaptation Efforts Could Better Support Local Infrastructure Decision Makers, (Apr. 2013), available at
http://www.gao.gov/assets/660/653741.pdf. Public comments on drafts of this guidance document are available at
http://www.whitehouse.gov/administration/eop/ceq/initiatives/nepa/comments.
5
NEPA recognizes “the profound impact of man’s activity on the interrelations of all components of the natural environment.” (42
U.S.C. 4331(a)). It was enacted to, inter alia, “promote efforts which will prevent or eliminate damage to the environment and
biosphere and stimulate the health and welfare of man.” (42 U.S.C. 4321).
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Focused and effective consideration of climate change in NEPA reviews6 will
allow agencies to improve the quality of their decisions. Identifying important
interactions between a changing climate and the environmental impacts from a proposed
action can help Federal agencies and other decision makers identify practicable
opportunities to reduce GHG emissions, improve environmental outcomes, and
contribute to safeguarding communities and their infrastructure against the effects of
extreme weather events and other climate-related impacts.
Agencies implement NEPA through one of three levels of NEPA analysis: a
Categorical Exclusion (CE); an Environmental Assessment (EA); or an Environmental
Impact Statement (EIS). This guidance is intended to help Federal agencies ensure their
analysis of potential GHG emissions and effects of climate change in an EA or EIS is
commensurate with the extent of the effects of the proposed action.7 Agencies have
discretion in how they tailor their individual NEPA reviews to accommodate the
approach outlined in this guidance, consistent with the CEQ Regulations and their
respective implementing procedures and policies.8 CEQ does not expect that
implementation of this guidance will require agencies to develop new NEPA
implementing procedures. However, CEQ recommends that agencies review their NEPA
procedures and propose any updates they deem necessary or appropriate to facilitate their
consideration of GHG emissions and climate change.9 CEQ will review agency

6
The term “NEPA review” is used to include the analysis, process, and documentation required under NEPA. While this document
focuses on NEPA reviews, agencies are encouraged to analyze GHG emissions and climate-resilient design issues early in the
planning and development of proposed actions and projects under their substantive authorities.
7
See 40 CFR 1502.2(b) (Impacts shall be discussed in proportion to their significance); 40 CFR 1502.15 (Data and analyses in a
statement shall be commensurate with the importance of the impact…).
8
See 40 CFR 1502.24 (Methodology and scientific accuracy).
9
See 40 CFR 1507.3. Agency NEPA implementing procedures can be, but are not required to be, in the form of regulation. Section
1507.3 encourages agencies to publish explanatory guidance, and agencies also should consider whether any updates to explanatory
guidance are necessary. Agencies should review their policies and implementing procedures and revise them as necessary to ensure
full compliance with NEPA.
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proposals for revising their NEPA procedures, including any revision of CEs, in light of
this guidance.
As discussed in this guidance, when addressing climate change agencies should
consider: (1) The potential effects of a proposed action on climate change as indicated by
assessing GHG emissions (e.g., to include, where applicable, carbon sequestration);10
and, (2) The effects of climate change on a proposed action and its environmental
impacts.
This guidance explains the application of NEPA principles and practices to the
analysis of GHG emissions and climate change, and


Recommends that agencies quantify a proposed agency action’s projected direct
and indirect GHG emissions, taking into account available data and GHG
quantification tools that are suitable for the proposed agency action;



Recommends that agencies use projected GHG emissions (to include, where
applicable, carbon sequestration implications associated with the proposed agency
action) as a proxy for assessing potential climate change effects when preparing a
NEPA analysis for a proposed agency action;



Recommends that where agencies do not quantify a proposed agency action’s
projected GHG emissions because tools, methodologies, or data inputs are not
reasonably available to support calculations for a quantitative analysis, agencies
include a qualitative analysis in the NEPA document and explain the basis for
determining that quantification is not reasonably available;

10

Carbon sequestration is the long-term carbon storage in plants, soils, geologic formations, and oceans.
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Discusses methods to appropriately analyze reasonably foreseeable direct,
indirect, and cumulative GHG emissions and climate effects;



Guides the consideration of reasonable alternatives and recommends agencies
consider the short- and long-term effects and benefits in the alternatives and
mitigation analysis;



Advises agencies to use available information when assessing the potential future
state of the affected environment in a NEPA analysis, instead of undertaking new
research that is , and provides examples of existing sources of scientific
information;



Counsels agencies to use the information developed during the NEPA review to
consider alternatives that would make the actions and affected communities more
resilient to the effects of a changing climate;



Outlines special considerations for agencies analyzing biogenic carbon dioxide
sources and carbon stocks associated with land and resource management actions
under NEPA;



Recommends that agencies select the appropriate level of NEPA review to assess
the broad-scale effects of GHG emissions and climate change, either to inform
programmatic (e.g., landscape-scale) decisions, or at both the programmatic and
tiered project- or site-specific level, and to set forth a reasoned explanation for the
agency’s approach; and



Counsels agencies that the “rule of reason” inherent in NEPA and the CEQ
Regulations allows agencies to determine, based on their expertise and

5
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experience, how to consider an environmental effect and prepare an analysis
based on the available information.

II.

BACKGROUND

A. NEPA
NEPA is designed to promote consideration of potential effects on the human
environment11 that would result from proposed Federal agency actions, and to provide the
public and decision makers with useful information regarding reasonable alternatives12
and mitigation measures to improve the environmental outcomes of Federal agency
actions. NEPA ensures that the environmental effects of proposed actions are taken into
account before decisions are made and informs the public of significant environmental
effects of proposed Federal agency actions, promoting transparency and accountability
concerning Federal actions that may significantly affect the quality of the human
environment. NEPA reviews should identify measures to avoid, minimize, or mitigate
adverse effects of Federal agency actions. Better analysis and decisions are the ultimate
goal of the NEPA process.13
Inherent in NEPA and the CEQ Regulations is a “rule of reason” that allows
agencies to determine, based on their expertise and experience, how to consider an
environmental effect and prepare an analysis based on the available information. The
usefulness of that information to the decision-making process and the public, and the

11
40 CFR 1508.14 (“‘Human environment’ shall be interpreted comprehensively to include the natural and physical environment and
the relationship of people with that environment.”).
12
40 CFR 1508.25(b) (“Alternatives, which include: (1) No action alternative. (2) Other reasonable courses of actions. (3) Mitigation
measures (not in the proposed action).”).
13
40 CFR 1500.1(c) (“Ultimately, of course, it is not better documents but better decisions that count. NEPA’s purpose is not to
generate paperwork—even excellent paperwork—but to foster excellent action. The NEPA process is intended to help public officials
make decisions that are based on understanding of environmental consequences, and take actions that protect, restore, and enhance the
environment.”).
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extent of the anticipated environmental consequences are important factors to consider
when applying that “rule of reason.”
B. Climate Change
Climate change science continues to expand and refine our understanding of the
impacts of anthropogenic GHG emissions. CEQ’s first Annual Report in 1970
referenced climate change, indicating that “[m]an may be changing his weather.”14 At
that time, the mean level of atmospheric carbon dioxide (CO2) had been measured as
increasing to 325 parts per million (ppm) from an average of 280 ppm pre-Industrial
levels.15 Since 1970, the concentration of atmospheric carbon dioxide has increased to
approximately 400 ppm (2015 globally averaged value).16 Since the publication of
CEQ’s first Annual Report, it has been determined that human activities have caused the
carbon dioxide content of the atmosphere of our planet to increase to its highest level in
at least 800,000 years.17
It is now well established that rising global atmospheric GHG emission
concentrations are significantly affecting the Earth’s climate. These conclusions are built
upon a scientific record that has been created with substantial contributions from the

14
See CEQ, Environmental Quality The First Annual Report, p. 93 (August 1970); available at
https://ceq.doe.gov/ceq_reports/annual_environmental_quality_reports.html.
15
See USGCRP, Climate Change Impacts in the United States The Third National Climate Assessment (Jerry M. Melillo, Terese
(T.C.) Richmond, & Gary W. Yohe eds., 2014) [hereinafter “Third National Climate Assessment”], Appendix 3 Climate Science
Supplement, p. 739; EPA, April 2015: Inventory of U.S. Greenhouse Emissions and Sinks 1990-2013, available at
https://www3.epa.gov/climatechange/Downloads/ghgemissions/US-GHG-Inventory-2015-Main-Text.pdf. See also Hartmann, D.L.,
A.M.G. Klein Tank, M. Rusticucci, et al., 2013 Observations Atmosphere and Surface. In Climate Change 2013 The Physical
Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
[Stocker, T.F., D. Qin, G.-K., et al. (eds)]. Cambridge University Press: Cambridge, United Kingdom and New York, NY, USA.
Available at http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter02_Final.pdf.
16
See Ed Dlugokencky & Pieter Tans, National Oceanic and Atmospheric Administration/Earth System Research Laboratory,
http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html.
17
See http://earthobservatory.nasa.gov/Features/CarbonCycle; University of California Riverside, National Aeronautics and Space
Administration (NASA), and Riverside Unified School District, Down to Earth Climate Change,
http://globalclimate.ucr.edu/resources.html; USGCRP, Third National Climate Assessment, Appendix 3 Climate Science Supplement,
p. 736 (“Although climate changes in the past have been caused by natural factors, human activities are now the dominant agents of
change. Human activities are affecting climate through increasing atmospheric levels of heat-trapping gases and other substances,
including particles.”).
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United States Global Change Research Program (USGCRP), which informs the United
States’ response to global climate change through coordinated Federal programs of
research, education, communication, and decision support.18 Studies have projected the
effects of increasing GHGs on many resources normally discussed in the NEPA process,
including water availability, ocean acidity, sea-level rise, ecosystem functions, energy
production, agriculture and food security, air quality and human health.19
Based primarily on the scientific assessments of the USGCRP, the National
Research Council, and the Intergovernmental Panel on Climate Change, in 2009 the
Environmental Protection Agency (EPA) issued a finding that the changes in our climate
caused by elevated concentrations of greenhouse gases in the atmosphere are reasonably
anticipated to endanger the public health and public welfare of current and future
generations.20 In 2015, EPA acknowledged more recent scientific assessments that
“highlight the urgency of addressing the rising concentration of CO2 in the atmosphere,”
finding that certain groups are especially vulnerable to climate-related effects.21 Broadly

18
See Global Change Research Act of 1990, Pub. L. 101–606, Sec. 103 (November 16, 1990). For additional information on the
United States Global Change Research Program [hereinafter “USGCRP”], visit http://www.globalchange.gov. The USGCRP,
formerly the Climate Change Science Program, coordinates and integrates the activities of 13 Federal agencies that conduct research
on changes in the global environment and their implications for society. The USGCRP began as a Presidential initiative in 1989 and
was codified in the Global Change Research Act of 1990 (Public Law 101–606). USGCRP-participating agencies are the
Departments of Agriculture, Commerce, Defense, Energy, Interior, Health and Human Services, State, and Transportation; the U.S.
Agency for International Development, the Environmental Protection Agency, NASA, the National Science Foundation, and the
Smithsonian Institution.
19
See USGCRP, Third National Climate Assessment, available at
http://nca2014.globalchange.gov/system/files_force/downloads/low/NCA3_Climate_Change_Impacts_in_the_United%20States_Low
Res.pdf?download=1; IPCC, Climate Change 2014 Synthesis Report. Contribution of Working Groups I, II and III to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change (R.K. Pachauri, & L.A. Meyer eds., 2014), available at
https://www.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_full.pdf; see also http://www.globalchange.gov; 40 CFR
1508.8 (effects include ecological, aesthetic, historic, cultural, economic, social, and health effects); USGCRP, The Impacts of Climate
Change on Human Health in the United States A Scientific Assessment, available at https://health2016.globalchange.gov/.
20
See generally Endangerment and Cause or Contribute Findings for Greenhouse Gases Under Section 202(a) of the Clean Air Act,
74 Fed. Reg. 66496 (Dec. 15, 2009). (For example, at 66497-98: “[t]he evidence concerning how human-induced climate change may
alter extreme weather events also clearly supports a finding of endangerment, given the serious adverse impacts that can result from
such events and the increase in risk, even if small, of the occurrence and intensity of events such as hurricanes and floods.
Additionally, public health is expected to be adversely affected by an increase in the severity of coastal storm events due to rising sea
levels”).
21
See EPA, Final Rule for Carbon Pollution Emission Guidelines for Existing Stationary Sources Electric Utility Generating Units,
80 Fed. Reg. 64661, 64677 (Oct. 23, 2015) (“Certain groups, including children, the elderly, and the poor, are most vulnerable to
climate-related effects. Recent studies also find that certain communities, including low-income communities and some communities
of color … are disproportionately affected by certain climate change related impacts—including heat waves, degraded air quality, and
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stated, the effects of climate change observed to date and projected to occur in the future
include more frequent and intense heat waves, longer fire seasons and more severe
wildfires, degraded air quality, more heavy downpours and flooding, increased drought,
greater sea-level rise, more intense storms, harm to water resources, harm to agriculture,
ocean acidification, and harm to wildlife and ecosystems.22

III.

CONSIDERING THE EFFECTS OF GHG EMISSIONS AND CLIMATE
CHANGE

This guidance is applicable to all Federal actions subject to NEPA, including sitespecific actions, certain funding of site-specific projects, rulemaking actions, permitting
decisions, and land and resource management decisions.23 This guidance does not – and
cannot – expand the range of Federal agency actions that are subject to NEPA.
Consistent with NEPA, Federal agencies should consider the extent to which a proposed
action and its reasonable alternatives would contribute to climate change, through GHG
emissions, and take into account the ways in which a changing climate may impact the
proposed action and any alternative actions, change the action’s environmental effects
over the lifetime of those effects, and alter the overall environmental implications of such
actions.
This guidance is intended to assist agencies in disclosing and considering the
effects of GHG emissions and climate change along with the other reasonably foreseeable
environmental effects of their proposed actions. This guidance does not establish any

extreme weather events—which are associated with increased deaths, illnesses, and economic challenges. Studies also find that
climate change poses particular threats to the health, well-being, and ways of life of indigenous peoples in the U.S.”).
22
See http://www.globalchange.gov/climate-change/impacts-society and Third National Climate Assessment, Chapters 3-15 (Sectors)
and Chapters 16-25 (Regions), available at http://nca2014.globalchange.gov/downloads.
23
See 40 CFR 1508.18.
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particular quantity of GHG emissions as “significantly” affecting the quality of the
human environment or give greater consideration to the effects of GHG emissions and
climate change over other effects on the human environment.
A. GHG Emissions as a Proxy for the Climate Change Impacts of a Proposed
Action
In light of the global scope of the impacts of GHG emissions, and the incremental
contribution of each single action to global concentrations, CEQ recommends agencies
use the projected GHG emissions associated with proposed actions as a proxy for
assessing proposed actions’ potential effects on climate change in NEPA analysis. 24 This
approach, together with providing a qualitative summary discussion of the impacts of
GHG emissions based on authoritative reports such as the USGCRP’s National Climate
Assessments and the Impacts of Climate Change on Human Health in the United States, a
Scientific Assessment of the USGCRP, allows an agency to present the environmental
and public health impacts of a proposed action in clear terms and with sufficient
information to make a reasoned choice between no action and other alternatives and
appropriate mitigation measures, and to ensure the professional and scientific integrity of
the NEPA review.25
Climate change results from the incremental addition of GHG emissions from
millions of individual sources,26 which collectively have a large impact on a global scale.

24

See 40 CFR 1502.16, 1508.9.
See 40 CFR 1500.1, 1502.24 (requiring agencies to use high quality information and ensure the professional and scientific integrity
of the discussions and analyses in environmental impact statements).
26
Some sources emit GHGs in quantities that are orders of magnitude greater than others. See EPA, Greenhouse Gas Reporting
Program 2014 Reported Data, Figure 2: Direct GHG Emissions Reported by Sector (2014), available at
https://www.epa.gov/ghgreporting/ghgrp-2014-reported-data (amounts of GHG emissions by sector); Final Rule for Carbon Pollution
Emission Guidelines for Existing Stationary Sources Electric Utility Generating Units, 80 Fed. Reg. 64661, 64663, 64689 (Oct. 23,
2015) (regulation of GHG emissions from fossil fuel-fired electricity generating power plants); Oil and Natural Gas Sector Emission
Standards for New, Reconstructed, and Modified Sources, 81 Fed. Reg. 34824, 35830 (June 3, 2016 (regulation of GHG emissions
from oil and gas sector).
25
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CEQ recognizes that the totality of climate change impacts is not attributable to any
single action, but are exacerbated by a series of actions including actions taken pursuant
to decisions of the Federal Government. Therefore, a statement that emissions from a
proposed Federal action represent only a small fraction of global emissions is essentially
a statement about the nature of the climate change challenge, and is not an appropriate
basis for deciding whether or to what extent to consider climate change impacts under
NEPA. Moreover, these comparisons are also not an appropriate method for
characterizing the potential impacts associated with a proposed action and its alternatives
and mitigations because this approach does not reveal anything beyond the nature of the
climate change challenge itself: the fact that diverse individual sources of emissions each
make a relatively small addition to global atmospheric GHG concentrations that
collectively have a large impact. When considering GHG emissions and their
significance, agencies should use appropriate tools and methodologies for quantifying
GHG emissions and comparing GHG quantities across alternative scenarios. Agencies
should not limit themselves to calculating a proposed action’s emissions as a percentage
of sector, nationwide, or global emissions in deciding whether or to what extent to
consider climate change impacts under NEPA.
1. GHG Emissions Quantification and Relevant Tools
This guidance recommends that agencies quantify a proposed agency action’s
projected direct and indirect GHG emissions. Agencies should be guided by the principle
that the extent of the analysis should be commensurate with the quantity of projected
GHG emissions and take into account available data and GHG quantification tools that
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are suitable for and commensurate with the proposed agency action.27 The rule of reason
and the concept of proportionality caution against providing an in-depth analysis of
emissions regardless of the insignificance of the quantity of GHG emissions that would
be caused by the proposed agency action.
Quantification tools are widely available, and are already in broad use in the
Federal and private sectors, by state and local governments, and globally.28 Such
quantification tools and methodologies have been developed to assist institutions,
organizations, agencies, and companies with different levels of technical sophistication,
data availability, and GHG source profiles. When data inputs are reasonably available to
support calculations, agencies should conduct GHG analysis and disclose quantitative
estimates of GHG emissions in their NEPA reviews. These tools can provide estimates
of GHG emissions, including emissions from fossil fuel combustion and estimates of
GHG emissions and carbon sequestration for many of the sources and sinks potentially
affected by proposed resource management actions.29 When considering which tool(s) to
employ, it is important to consider the proposed action’s temporal scale, and the
availability of input data.30 Examples of the kinds of methodologies agencies might
consider using are presented in CEQ’s 2012 Guidance for Accounting and Reporting
GHG Emissions for a wide variety of activities associated with Federal agency
operations.31 When an agency determines that quantifying GHG emissions would not be

27

See 40 CFR 1500.1(b) (“Most important, NEPA documents must concentrate on the issues that are truly significant to the action in
question, rather than amassing needless detail.”); 40 CFR 1502.2(b) (Impacts shall be discussed in proportion to their significance); 40
CFR 1502.15 (Data and analyses in a statement shall be commensurate with the importance of the impact…).
28
See https://ceq.doe.gov/current_developments/GHG-accounting-tools.html.
29
For example, USDA’s COMET-Farm tool can be used to assess the carbon sequestration of existing agricultural activities along
with the reduction in carbon sequestration (emissions) of project-level activities, http://cometfarm.nrel.colostate.edu/. Examples of
other tools are available at https://ceq.doe.gov/current_developments/GHG-accounting-tools.html.
30
See 40 CFR 1502.22.
31
See
https://www.whitehouse.gov/sites/default/files/microsites/ceq/revised_federal_greenhouse_gas_accounting_and_reporting_guidance_
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warranted because tools, methodologies, or data inputs are not reasonably available, the
agency should provide a qualitative analysis and its rationale for determining that the
quantitative analysis is not warranted. A qualitative analysis can rely on sector-specific
descriptions of the GHG emissions of the category of Federal agency action that is the
subject of the NEPA analysis.
When updating their NEPA procedures32 and guidance, agencies should
coordinate with CEQ to identify 1) the actions that normally warrant quantification of
their GHG emissions, and consideration of the relative GHG emissions associated with
alternative actions and 2) agency actions that normally do not warrant such quantification
because tools, methodologies, or data inputs are not reasonably available. The
determination of the potential significance of a proposed action remains subject to agency
practice for the consideration of context and intensity, as set forth in the CEQ
Regulations.33
2. The Scope of the Proposed Action
In order to assess effects, agencies should take account of the proposed action –
including “connected” actions34 – subject to reasonable limits based on feasibility and
practicality. Activities that have a reasonably close causal relationship to the Federal
action, such as those that may occur as a predicate for a proposed agency action or as a
consequence of a proposed agency action, should be accounted for in the NEPA analysis.

060412.pdf. Federal agencies’ Strategic Sustainability Performance Plans reflecting their annual GHG inventories and reports under
Executive Order 13514 are available at https://www.performance.gov/node/3406/view?view=public#supporting-info.
32
See 40 CFR 1507.3.
33
40 CFR 1508.27 (“‘Significantly’ as used in NEPA requires considerations of both context and intensity: (a) Context. This means
that the significance of an action must be analyzed in several contexts such as society as a whole (human, national), the affected
region, the affected interests, and the locality. . . . (b) Intensity. This refers to the severity of impact.”).
34
40 CFR 1508.25(a) (Actions are connected if they: (i) Automatically trigger other actions which may require environmental impact
statements; (ii) Cannot or will not proceed unless other actions are taken previously or simultaneously, or; (iii) Are interdependent
parts of a larger action and depend on the larger action for their justification.).
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For example, NEPA reviews for proposed resource extraction and development
projects typically include the reasonably foreseeable effects of various phases in the
process, such as clearing land for the project, building access roads, extraction, transport,
refining, processing, using the resource, disassembly, disposal, and reclamation.
Depending on the relationship between any of the phases, as well as the authority under
which they may be carried out, agencies should use the analytical scope that best informs
their decision making.
The agency should focus on significant potential effects and conduct an analysis
that is proportionate to the environmental consequences of the proposed action.35
Agencies can rely on basic NEPA principles to determine and explain the reasonable
parameters of their analyses in order to disclose the reasonably foreseeable effects that
may result from their proposed actions.36
3. Alternatives
Considering alternatives, including alternatives that mitigate GHG emissions, is
fundamental to the NEPA process and accords with NEPA Sections 102(2)(C) and
102(2)(E). 37 The CEQ regulations emphasize that the alternatives analysis is the heart of
the EIS under NEPA Section 102(2)(C).38 NEPA Section 102(2)(E) provides an
independent requirement for the consideration of alternatives in environmental
documents.39 NEPA calls upon agencies to use the NEPA process to “identify and assess
the reasonable alternatives to proposed actions that will avoid or minimize adverse effects
of these actions upon the quality of the human environment.”40 The requirement to
35

See 40 CFR 1501.7(a)(3), 1502.2(b), and 1502.15.
See 40 CFR 1502.16.
42 U.S.C. 4332(2)(C), 4332(2)(E); 40 CFR 1502.14, 1508.9(b).
38
40 CFR 1502.14.
39
See 40 CFR 1500.2, 1508.9(b).
40
40 CFR 1500.2(c).
36
37
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consider alternatives ensures that agencies account for approaches with no, or less,
adverse environmental effects for a particular resource.
Consideration of alternatives also provides each agency decision maker the
information needed to examine other possible approaches to a particular proposed action
(including the no action alternative) that could alter the environmental impact or the
balance of factors considered in making the decision. Agency decisions are aided when
there are reasonable alternatives that allow for comparing GHG emissions and carbon
sequestration potential, trade-offs with other environmental values, and the risk from –
and resilience to – climate change inherent in a proposed action and its design.
Agencies must consider a range of reasonable alternatives consistent with the
level of NEPA review (e.g., EA or EIS) and the purpose and need for the proposed
action, as well as reasonable mitigation measures if not already included in the proposed
action or alternatives.41 Accordingly, a comparison of these alternatives based on GHG
emissions and any potential mitigation measures can be useful to advance a reasoned
choice among alternatives and mitigation actions. When conducting the analysis, an
agency should compare the anticipated levels of GHG emissions from each alternative –
including the no-action alternative – and mitigation actions to provide information to the
public and enable the decision maker to make an informed choice.
Agencies should consider reasonable alternatives and mitigation measures to
reduce action-related GHG emissions or increase carbon sequestration in the same
fashion as they consider alternatives and mitigation measures for any other environmental
effects. NEPA, the CEQ Regulations, and this guidance do not require the decision

41
See 42 U.S.C. 4332(2)(C), 4332(2)(E), and 40 CFR 1502.14(f), 1508.9(b). The purpose and need for action usually reflects both the
extent of the agency’s statutory authority and its policies.
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maker to select the alternative with the lowest net level of emissions. Rather, they allow
for the careful consideration of emissions and mitigation measures along with all the
other factors considered in making a final decision.
4. Direct and Indirect Effects
If the direct and indirect GHG emissions can be quantified based on available
information, including reasonable projections and assumptions, agencies should consider
and disclose the reasonably foreseeable direct and indirect emissions when analyzing the
direct and indirect effects of the proposed action.42 Agencies should disclose the
information and any assumptions used in the analysis and explain any uncertainties.
To compare a project’s estimated direct and indirect emissions with GHG
emissions from the no-action alternative, agencies should draw on existing, timely,
objective, and authoritative analyses, such as those by the Energy Information
Administration, the Federal Energy Management Program, or Office of Fossil Energy of
the Department of Energy.43 In the absence of such analyses, agencies should use other
available information. When such analyses or information for quantification is
unavailable, or the complexity of comparing emissions from various sources would make
quantification overly speculative, then the agency should quantify emissions to the extent
that this information is available and explain the extent to which quantified emissions
information is unavailable while providing a qualitative analysis of those emissions. As

42

For example, where the proposed action involves fossil fuel extraction, direct emissions typically include GHGs emitted during the
process of exploring for or extracting the fossil fuel. The indirect effects of such an action that are reasonably foreseeable at the time
would vary with the circumstances of the proposed action. For actions such as a Federal lease sale of coal for energy production, the
impacts associated with the end-use of the fossil fuel being extracted would be the reasonably foreseeable combustion of that coal.
43
For a current example, see Office of Fossil Energy, Nat’l Energy Tech. Lab., U.S. Dep’t of Energy, Life Cycle Greenhouse Gas
Perspective on Exporting Liquefied Natural Gas from the United States, Pub. No. DOE/NETL-2014/1649 (2014), available at
http://energy.gov/sites/prod/files/2014/05/f16/Life%20Cycle%20GHG%20Perspective%20Report.pdf.
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with any NEPA analysis, the level of effort should be proportionate to the scale of the
emissions relevant to the NEPA review.
5. Cumulative Effects
“Cumulative impact” is defined in the CEQ Regulations as the “impact on the
environment that results from the incremental impact of the action when added to other
past, present, and reasonably foreseeable future actions regardless of what agency
(Federal or non-Federal) or person undertakes such other actions.”44 All GHG emissions
contribute to cumulative climate change impacts. However, for most Federal agency
actions CEQ does not expect that an EIS would be required based solely on the global
significance of cumulative impacts of GHG emissions, as it would not be consistent with
the rule of reason to require the preparation of an EIS for every Federal action that may
cause GHG emissions regardless of the magnitude of those emissions.
Based on the agency identification and analysis of the direct and indirect effects
of its proposed action, NEPA requires an agency to consider the cumulative impacts of its
proposed action and reasonable alternatives.45 As noted above, for the purposes of
NEPA, the analysis of the effects of GHG emissions is essentially a cumulative effects
analysis that is subsumed within the general analysis and discussion of climate change
impacts. Therefore, direct and indirect effects analysis for GHG emissions will
adequately address the cumulative impacts for climate change from the proposed action
and its alternatives and a separate cumulative effects analysis for GHG emissions is not
needed.
6. Short- and Long-Term Effects
44

40 CFR 1508.7.
See 40 CFR 1502.16, 1508.7, 1508.8. See also CEQ Memorandum to Heads of Federal Agencies, Guidance on the Consideration
of Past Actions in Cumulative Effects Analysis, June 24, 2005, available at https//ceq.doe.gov/nepa/regs/Guidance_on_CE.pdf.
45
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When considering effects, agencies should take into account both the short- and
long-term adverse and beneficial effects using a temporal scope that is grounded in the
concept of reasonable foreseeability. Some proposed actions will have to consider effects
at different stages to ensure the direct effects and reasonably foreseeable indirect effects
are appropriately assessed; for example, the effects of construction are different from the
effects of the operations and maintenance of a facility.
Biogenic GHG emissions and carbon stocks from some land or resource
management activities, such as a prescribed burn of a forest or grassland conducted to
limit loss of ecosystem function through wildfires or insect infestations, may result in
short-term GHG emissions and loss of stored carbon, while in the longer term a restored,
healthy ecosystem may provide long-term carbon sequestration. Therefore, the shortand long-term effects should be described in comparison to the no action alternative in
the NEPA review.
7. Mitigation
Mitigation is an important component of the NEPA process that Federal agencies
can use to avoid, minimize, and compensate for the adverse environmental effects
associated with their actions. Mitigation, by definition, includes avoiding impacts,
minimizing impacts by limiting them, rectifying the impact, reducing or eliminating the
impacts over time, or compensating for them.46 Consequently, agencies should consider
reasonable mitigation measures and alternatives as provided for under existing CEQ
Regulations and take into account relevant agency statutory authorities and policies. The
NEPA process is also intended to provide useful advice and information to State, local

46

See 40 CFR 1508.20, 1508.25 (Alternatives include mitigation measures not included in the proposed action).
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and tribal governments and private parties so that the agencies can better coordinate with
other agencies and organizations regarding the means to mitigate effects of their
actions.47 The NEPA process considers the effects of mitigation commitments made by
project proponents or others and mitigation required under other relevant permitting and
environmental review regimes.48
As Federal agencies evaluate potential mitigation of GHG emissions and the
interaction of a proposed action with climate change, the agencies should also carefully
evaluate the quality of that mitigation to ensure it is additional, verifiable, durable,
enforceable, and will be implemented.49 Agencies should consider the potential for
mitigation measures to reduce or mitigate GHG emissions and climate change effects
when those measures are reasonable and consistent with achieving the purpose and need
for the proposed action. Such mitigation measures could include enhanced energy
efficiency, lower GHG-emitting technology, carbon capture, carbon sequestration (e.g.,
forest, agricultural soils, and coastal habitat restoration), sustainable land management
practices, and capturing or beneficially using GHG emissions such as methane.
Finally, the CEQ Regulations and guidance recognize the value of monitoring to
ensure that mitigation is carried out as provided in a record of decision or finding of no
significant impact.50 The agency’s final decision on the proposed action should identify
those mitigation measures that the agency commits to take, recommends, or requires

47
NEPA directs Federal agencies to make “advice and information useful in restoring, maintaining, and enhancing the quality of the
environment” available to States, Tribes, counties, cities, institutions and individuals. NEPA Sec. 102(2)(G).
48
See CEQ Memorandum to Heads of Federal Agencies, Appropriate Use of Mitigation and Monitoring and Clarifying the
Appropriate Use of Mitigated Findings of No Significant Impact, 76 FR 3843 (Jan. 21, 2011) available at
https://ceq.doe.gov/current_developments/docs/Mitigation_and_Monitoring_Guidance_14Jan2011.pdf.
49
See Presidential Memorandum: Mitigating Impacts on Natural Resources from Development and Encouraging Related Private
Investment (https://www.whitehouse.gov/the-press-office/2015/11/03/mitigating-impacts-natural-resources-development-andencouraging-related) defining “durability” and addressing additionality.
50
See 40 CFR 1505.2(c), 1505.3. See also CEQ Memorandum to Heads of Federal Agencies, Appropriate Use of Mitigation and
Monitoring and Clarifying the Appropriate Use of Mitigated Findings of No Significant Impact, 76 FR 3843 (Jan. 21, 2011) available
at https://ceq.doe.gov/current_developments/docs/Mitigation_and_Monitoring_Guidance_14Jan2011.pdf.
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others to take. Monitoring is particularly appropriate to confirm the effectiveness of
mitigation when that mitigation is adopted to reduce the impacts of a proposed action on
affected resources already increasingly vulnerable due to climate change.
B. CONSIDERING THE EFFECTS OF CLIMATE CHANGE ON A
PROPOSED ACTION AND ITS ENVIRONMENTAL IMPACTS
According to the USGCRP and others, GHGs already in the atmosphere will
continue altering the climate system into the future, even with current or future emissions
control efforts.51 Therefore, a NEPA review should consider an action in the context of
the future state of the environment. In addition, climate change adaptation and resilience
— defined as adjustments to natural or human systems in response to actual or expected
climate changes — are important considerations for agencies contemplating and planning
actions with effects that will occur both at the time of implementation and into the
future.52
1. Affected Environment
An agency should identify the affected environment to provide a basis for
comparing the current and the future state of the environment as affected by the proposed
action or its reasonable alternatives.53 The current and projected future state of the
environment without the proposed action (i.e., the no action alternative) represents the
reasonably foreseeable affected environment, and this should be described based on

51

See Third National Climate Assessment, Appendix 3 Climate Science Supplement 753-754, available at
http://s3.amazonaws.com/nca2014/low/NCA3_Full_Report_Appendix_3_Climate_Science_Supplement_LowRes.pdf?download=1.
52
See Third National Climate Assessment, Chapter 28, “Adaptation” and Chapter 26, “Decision Support: Connecting Science, Risk
Perception, and Decisions,” available at http://www.globalchange.gov/nca3-downloads-materials; see also, Exec. Order No. 13653,
78 Fed. Reg. 66817 (Nov. 6, 2013) and Exec. Order No.13693, Planning for Federal Sustainability in the Next Decade, 80 Fed. Reg.
15869 (Mach 25, 2015) (defining “climate-resilient design”).
53
See 40 CFR 1502.15 (providing that environmental impact statements shall succinctly describe the environmental impacts on the
area(s) to be affected or created by the alternatives under consideration).
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authoritative climate change reports,54 which often project at least two possible future
scenarios.55 The temporal bounds for the state of the environment are determined by the
projected initiation of implementation and the expected life of the proposed action and its
effects.56 Agencies should remain aware of the evolving body of scientific information as
more refined estimates of the impacts of climate change, both globally and at a localized
level, become available.57
2. Impacts
The analysis of climate change impacts should focus on those aspects of the
human environment that are impacted by both the proposed action and climate change.
Climate change can make a resource, ecosystem, human community, or structure more
susceptible to many types of impacts and lessen its resilience to other environmental
impacts apart from climate change. This increase in vulnerability can exacerbate the
effects of the proposed action. For example, a proposed action may require water from a
stream that has diminishing quantities of available water because of decreased snow pack
in the mountains, or add heat to a water body that is already warming due to increasing
atmospheric temperatures. Such considerations are squarely within the scope of NEPA
and can inform decisions on whether to proceed with, and how to design, the proposed
action to eliminate or mitigate impacts exacerbated by climate change. They can also

54
See, e.g., Third National Climate Assessment (Regional impacts chapters) available at http://www.globalchange.gov/nca3downloads-materials.
55
See, e.g., Third National Climate Assessment (Regional impacts chapters, considering a low future global emissions scenario, and a
high emissions scenario) available at http://www.globalchange.gov/nca3-downloads-materials.
56
CEQ, Considering Cumulative Effects Under the National Environmental Policy Act (1997),
https://ceq.doe.gov/publications/cumulative_effects html. Agencies should also consider their work under Exec. Order No. 13653,
Preparing the United States for the Impacts of Climate Change, 78 Fed. Reg. 66817 (Nov. 6, 2013), that considers how capital
investments will be affected by a changing climate over time.
57
See, e.g., http://nca2014.globalchange.gov/report/regions/coasts.
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inform possible adaptation measures to address the impacts of climate change, ultimately
enabling the selection of smarter, more resilient actions.
3. Available Assessments and Scenarios
In accordance with NEPA’s rule of reason and standards for obtaining
information regarding reasonably foreseeable effects on the human environment,
agencies need not undertake new research or analysis of potential climate change impacts
in the proposed action area, but may instead summarize and incorporate by reference the
relevant scientific literature.58 For example, agencies may summarize and incorporate by
reference the relevant chapters of the most recent national climate assessments or reports
from the USGCRP.59 Particularly relevant to some proposed actions are the most current
reports on climate change impacts on water resources, ecosystems, agriculture and
forestry, health, coastlines, and ocean and arctic regions in the United States.60 Agencies
may recognize that scenarios or climate modeling information (including seasonal, interannual, long-term, and regional-scale projections) are widely used, but when relying on a
single study or projection, agencies should consider their limitations and discuss them.61
4. Opportunities for Resilience and Adaptation
As called for under NEPA, the CEQ Regulations, and CEQ guidance, the NEPA
review process should be integrated with agency planning at the earliest possible time
that would allow for a meaningful analysis.62 Information developed during early

58

See 40 CFR 1502.21 (material may be incorporated by reference if it is reasonably available for inspection by potentially interested
persons during public review and comment).
59
See http://www.globalchange.gov/browse/reports.
60
See Third National Climate Assessment, Our Changing Climate, available at http://nca2014.globalchange.gov/report. Agencies
should consider the latest final assessments and reports when they are updated.
61
See 40 CFR 1502.22. Agencies can consult www.data.gov/climate/portals for model data archives, visualization tools, and
downscaling results.
62
See 42 U.S.C. 4332 (“agencies of the Federal Government shall … utilize a systematic, interdisciplinary approach which will insure
the integrated use of the natural and social sciences and the environmental design arts in planning and in decision-making”); 40 CFR
1501.2 (“Agencies shall integrate the NEPA process with other planning at the earliest possible time…”); See also CEQ Memorandum
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planning processes that precede a NEPA review may be incorporated into the NEPA
review. Decades of NEPA practice have shown that integrating environmental
considerations with the planning process provides useful information that program and
project planners can consider in the design of the proposed action, alternatives, and
potential mitigation measures. For instance, agencies should take into account increased
risks associated with development in floodplains, avoiding such development wherever
there is a practicable alternative, as required by Executive Order 11988 and Executive
Order 13690.63 In addition, agencies should take into account their ongoing efforts to
incorporate environmental justice principles into their programs, policies, and activities,
including the environmental justice strategies required by Executive Order 12898, as
amended, and consider whether the effects of climate change in association with the
effects of the proposed action may result in a disproportionate effect on minority and low
income communities.64 Agencies also may consider co-benefits of the proposed action,
alternatives, and potential mitigation measures for human health, economic and social
stability, ecosystem services, or other benefit that increases climate change preparedness
or resilience.

Individual agency adaptation plans and interagency adaptation strategies,

such as agency Climate Adaptation Plans, the National Fish, Wildlife and Plants Climate
Adaptation Strategy, and the National Action Plan: Priorities for Managing Freshwater

for Heads of Federal Departments and Agencies, Improving the Process for Preparing Efficient and Timely Environmental Reviews
under the National Environmental Policy Act, 77 Fed. Reg. 14473 (Mar. 12, 2012), available at
https://ceq.doe.gov/current_developments/docs/Improving_NEPA_Efficiencies_06Mar2012.pdf.
63
See Exec. Order No. 11988, “Floodplain Management,” 42 Fed. Reg. 26951 (May 24, 1977), available at
http://www.archives.gov/federal-register/codification/executive-order/11988.html; Exec. Order No. 13690, Establishing a Federal
Flood Risk Management Standard and a Process for Further Soliciting and Considering Stakeholder Input, 80 Fed. Reg. 6425 (Jan.
30, 2015), available at https://www.gpo.gov/fdsys/pkg/FR-2015-02-04/pdf/2015-02379.pdf.
64
See Exec. Order No. 12898, Federal Actions to Address Environmental Justice in Minority and Low-Income Populations, 59 Fed.
Reg. 7629 (Feb. 16, 1994), available at https://ceq.doe.gov/nepa/regs/eos/ii-5.pdf; CEQ, Environmental Justice Guidance Under the
National Environmental Policy Act (Dec. 1997), available at http://ceq.doe.gov/nepa/regs/ej/justice.pdf.

23

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Resources in a Changing Climate, provide other good examples of the type of relevant
and useful information that can be considered.65
Climate change effects on the environment and on the proposed project should be
considered in the analysis of a project considered vulnerable to the effects of climate
change such as increasing sea level, drought, high intensity precipitation events,
increased fire risk, or ecological change. In such cases, a NEPA review will provide
relevant information that agencies can use to consider in the initial project design, as well
as alternatives with preferable overall environmental outcomes and improved resilience
to climate impacts. For example, an agency considering a proposed long-term
development of transportation infrastructure on a coastal barrier island should take into
account climate change effects on the environment and, as applicable, consequences of
rebuilding where sea level rise and more intense storms will shorten the projected life of
the project and change its effects on the environment.66 Given the length of time
involved in present sea level projections, such considerations typically will not be
relevant to short-term actions with short-term effects.
In addition, the particular impacts of climate change on vulnerable communities
may be considered in the design of the action or the selection among alternatives to

65

See http://sustainability.performance.gov for agency sustainability plans, which contain agency adaptation plans. See also
http://www.wildlifeadaptationstrategy.gov;
http://www.whitehouse.gov/sites/default/files/microsites/ceq/2011_national_action_plan.pdf; and
https://www.epa.gov/greeningepa/climate-change-adaptation-plans
66
See U.S. Department of Transportation, Gulf Coast Study, Phase 2, Assessing Transportation Vulnerability to Climate Change
Synthesis of Lessons Learned and Methods Applied, FHWA-HEP-15-007 (Oct. 2014) (focusing on the Mobile, Alabama region),
available at
http://www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study/phase2_task6/fhw
ahep15007.pdf; U.S. Climate Change Science Program, Synthesis and Assessment Product 4.7, Impacts of Climate Change and
Variability on Transportation Systems and Infrastructure: Gulf Coast Study, Phase I (Mar. 2008) (focusing on a regional scale in the
central Gulf Coast), available at https://downloads.globalchange.gov/sap/sap4-7/sap4-7-final-all.pdf. Information about the Gulf
Coast Study is available at
http //www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study. See also Third
National Climate Assessment, Chapter 28, “Adaptation,” at 675 (noting that Federal agencies in particular can facilitate climate
adaptation by “ensuring the establishment of federal policies that allow for “flexible” adaptation efforts and take steps to avoid
unintended consequences”), available at http://nca2014.globalchange.gov/report/response-strategies/adaptation#intro-section-2.
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assess the impact, and potential for disproportionate impacts, on those communities.67
For example, chemical facilities located near the coastline could have increased risk of
spills or leakages due to sea level rise or increased storm surges, putting local
communities and environmental resources at greater risk. Increased resilience could
minimize such potential future effects. Finally, considering climate change preparedness
and resilience can help ensure that agencies evaluate the potential for generating
additional GHGs if a project has to be replaced, repaired, or modified, and minimize the
risk of expending additional time and funds in the future.
C. Special Considerations for Biogenic Sources of Carbon
With regard to biogenic GHG emissions from land management actions – such as
prescribed burning, timber stand improvements, fuel load reductions, scheduled
harvesting, and livestock grazing – it is important to recognize that these land
management actions involve GHG emissions and carbon sequestration that operate within
the global carbon and nitrogen cycle, which may be affected by those actions. Similarly,
some water management practices have GHG emission consequences (e.g., reservoir
management practices can reduce methane releases, wetlands management practices can
enhance carbon sequestration, and water conservation can improve energy efficiency).
Notably, it is possible that the net effect of ecosystem restoration actions resulting
in short-term biogenic emissions may lead to long-term reductions of atmospheric GHG
concentrations through increases in carbon stocks or reduced risks of future emissions. In
the land and resource management context, how a proposed action affects a net carbon
sink or source will depend on multiple factors such as the climatic region, the distribution

67

For an example, see https://www.blm.gov/epl-front-office/projects/nepa/5251/42462/45213/NPR-A_FINAL_ROD_2-21-13.pdf.
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of carbon across carbon pools in the project area, and the ongoing activities and trends.
In addressing biogenic GHG emissions, resource management agencies should include a
comparison of estimated net GHG emissions and carbon stock changes that are projected
to occur with and without implementation of proposed land or resource management
actions.68 This analysis should take into account the GHG emissions, carbon
sequestration potential, and the changes in carbon stocks that are relevant to decision
making in light of the proposed actions and timeframes under consideration.
One example of agencies dealing with biogenic emissions and carbon
sequestration arises when agencies consider proposed vegetation management practices
that affect the risk of wildfire, insect and disease outbreak, or other disturbance. The
public and the decision maker may benefit from consideration of the influence of a
vegetation management action that affects the risk of wildfire on net GHG emissions and
carbon stock changes. NEPA reviews should consider whether to include a comparison
of net GHG emissions and carbon stock changes that are anticipated to occur, with and
without implementation of the proposed vegetation management practice, to provide
information that is useful to the decision maker and the public to distinguish between
alternatives. The analysis would take into account the estimated GHG emissions
(biogenic and fossil), carbon sequestration potential, and the net change in carbon stocks
relevant in light of the proposed actions and timeframes under consideration. In such
cases the agency should describe the basis for estimates used to project the probability or
likelihood of occurrence or changes in the effects or severity of wildfire. Where such

68
One example of a tool for such calculations is the Carbon On Line Estimator (COLE), which uses data based on USDA Forest
Service Forest Inventory & Analysis and Resource Planning Assessment data and other ecological data. COLE began as a
collaboration between the National Council for Air and Stream Improvement, Inc. (NCASI) and USDA Forest Service, Northern
Research Station. It currently is maintained by NCASI. It is available at http://www.fs.usda.gov/ccrc/tools/cole.
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tools, methodologies, or data are not yet available, the agency should provide a
qualitative analysis and its rationale for determining that the quantitative analysis is not
warranted. As with any other analysis, the rule of reason and proportionality should be
applied to determine the extent of the analysis.
CEQ acknowledges that Federal land and resource management agencies are
developing agency-specific principles and guidance for considering biological carbon in
management and planning decisions.69 Such guidance is expected to address the
importance of considering biogenic carbon fluxes and storage within the context of other
management objectives and ecosystem service goals, and integrating carbon
considerations as part of a balanced and comprehensive program of sustainable
management, climate change mitigation, and climate change adaptation.

IV.

TRADITIONAL NEPA TOOLS AND PRACTICES

A. Scoping and Framing the NEPA Review
To effectuate integrated decision making, avoid duplication, and focus the NEPA
review, the CEQ Regulations provide for scoping.70 In scoping, the agency determines
the issues that the NEPA review will address and identifies the impacts related to the
proposed action that the analyses will consider.71 An agency can use the scoping process
to help it determine whether analysis is relevant and, if so, the extent of analysis

69
See Council on Climate Change Preparedness and Resilience, Priority Agenda Enhancing the Climate Resilience of America’s
Natural Resources, at 52 (Oct. 2014), available at
http://www.whitehouse.gov/sites/default/files/docs/enhancing_climate_resilience_of_americas_natural_resources.pdf.
70
See 40 CFR 1501.7 (“There shall be an early and open process for determining the scope of issues to be addressed and for
identifying the significant issues related to a proposed action. This process shall be termed scoping.”); see also CEQ Memorandum
for Heads of Federal Departments and Agencies, Improving the Process for Preparing Efficient and Timely Environmental Reviews
under the National Environmental Policy Act, March 6, 2012, available at
https://ceq.doe.gov/current_developments/docs/Improving_NEPA_Efficiencies_06Mar2012.pdf (the CEQ Regulations explicitly
require scoping for preparing an EIS, however, agencies can also take advantage of scoping whenever preparing an EA).
71
See 40 CFR 1500.4(b), 1500.4(g), 1501.7.
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appropriate for a proposed action.72 When scoping for the climate change issues
associated with the proposed agency action, the nature, location, timeframe, and type of
the proposed action and the extent of its effects will help determine the degree to which
to consider climate projections, including whether climate change considerations warrant
emphasis, detailed analysis, and disclosure.
Consistent with this guidance, agencies may develop their own agency-specific
practices and guidance for framing the NEPA review. Grounded on the principles of
proportionality and the rule of reason, such aids can help an agency determine the extent
to which an analysis of GHG emissions and climate change impacts should be explored
in the decision-making process and will assist in the analysis of the no action and
proposed alternatives and mitigation.73 The agency should explain such a framing
process and its application to the proposed action to the decision makers and the public
during the NEPA review and in the EA or EIS document.
B. Frame of Reference
When discussing GHG emissions, as for all environmental impacts, it can be
helpful to provide the decision maker and the public with a recognizable frame of
reference for comparing alternatives and mitigation measures. Agencies should discuss
relevant approved federal, regional, state, tribal, or local plans, policies, or laws for GHG
emission reductions or climate adaptation to make clear whether a proposed project’s

72
See 40 CFR 1501.7 (The agency preparing the NEPA analysis must use the scoping process to, among other things, determine the
scope and identify the significant issues to be analyzed in depth) and CEQ, Memorandum for General Counsels, NEPA Liaisons, and
Participants in Scoping, April 30, 1981, available at https://ceq.doe.gov/nepa/regs/scope/scoping.htm.
73
See, e.g., Matthew P. Thompson, Bruce G. Marcot, Frank R. Thompson, III, Steven McNulty, Larry A. Fisher, Michael C. Runge,
David Cleaves, and Monica Tomosy, The Science of Decisionmaking Applications for Sustainable Forest and Grassland
Management in the National Forest System (2013), available at http://www.fs.fed.us/rm/pubs_other/rmrs_2013_thompson_m004.pdf;
U.S. Forest Service Comparative Risk Assessment Framework And Tools, available at
www.fs.fed.us/psw/topics/fire_science/craft/craft; and Julien Martin, Michael C. Runge, James D. Nichols, Bruce C. Lubow, and
William L. Kendall, Structured decision making as a conceptual framework to identify thresholds for conservation and management
(2009), Ecological Applications 19:1079–1090, available at http://www.esajournals.org/doi/abs/10.1890/08-0255.1.
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GHG emissions are consistent with such plans or laws.74 For example, the Bureau of
Land Management has discussed how agency actions in California, especially joint
projects with the State, may or may not facilitate California reaching its emission
reduction goals under the State’s Assembly Bill 32 (Global Warming Solutions Act).75
This approach helps frame the policy context for the agency decision based on its NEPA
review.
C. Incorporation by Reference
Incorporation by reference is of great value in considering GHG emissions or
where an agency is considering the implications of climate change for the proposed
action and its environmental effects. Agencies should identify situations where prior
studies or NEPA analyses are likely to cover emissions or adaptation issues, in whole or
in part. When larger scale analyses have considered climate change impacts and GHG
emissions, calculating GHG emissions and carbon stocks for a specific action may
provide only limited information beyond the information already collected and
considered in the larger scale analyses. The NEPA reviews for a specific action can
incorporate by reference earlier programmatic studies or information such as
management plans, inventories, assessments, and research that consider potential changes
in carbon stocks, as well as any relevant programmatic NEPA reviews.76
Accordingly, agencies should use the scoping process to consider whether they
should incorporate by reference GHG analyses from other programmatic studies, action

74

See 40 CFR 1502.16(c), 1506.2(d) (where an inconsistency exists, agencies should describe the extent to which the agency will
reconcile its proposed action with the plan or law). See also Exec. Order No. 13693, 80 Fed. Reg. 15869 (Mar. 25, 2015) (establishing
GHG emission and related goals for agency facilities and operations. Scope 1, 2, and 3 emissions are typically separate and distinct
from analyses and information used in an EA or EIS.).
75
See, e.g., U.S. Bureau of Land Management, Desert Renewable Energy Conservation Plan Proposed Land Use Plan Amendment
and Final Environmental Impact Statement, Vol. I, § I.3.3.2, at 12, available at http://drecp.org/finaldrecp/.
76
See 40 CFR 1502.5, 1502.21.

29

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

specific NEPA reviews, or programmatic NEPA reviews to avoid duplication of effort.
Furthermore, agencies should engage other agencies and stakeholders with expertise or
an interest in related actions to participate in the scoping process to identify relevant
GHG and adaptation analyses from other actions or programmatic NEPA documents.
D. Using Available Information
Agencies should make decisions using current scientific information and
methodologies. CEQ does not expect agencies to fund and conduct original climate
change research to support their NEPA analyses or for agencies to require project
proponents to do so. Agencies should exercise their discretion to select and use the tools,
methodologies, and scientific and research information that are of high quality and
available to assess the impacts.77
Agencies should be aware of the ongoing efforts to address the impacts of climate
change on human health and vulnerable communities.78 Certain groups, including
children, the elderly, and the poor, are more vulnerable to climate-related health effects,
and may face barriers to engaging on issues that disproportionately affect them. CEQ
recommends that agencies periodically engage their environmental justice experts, and
the Federal Interagency Working Group on Environmental Justice, 79 to identify
approaches to avoid or minimize impacts that may have disproportionately high and

77
See 40 CFR 1502.24 (requiring agencies to ensure the professional and scientific integrity of the discussions and analyses in
environmental impact statements).
78
USGCRP, The Impacts of Climate Change on Human Health in the United States A Scientific Assessment (Apr. 2016), available at
https://health2016.globalchange.gov/downloads.
79
For more information on the Federal Interagency Working Group on Environmental Justice co-chaired by EPA and CEQ, see
http://www.epa.gov/environmentaljustice/interagency/index.html.
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adverse human health or environmental effects on minority and low-income
populations.80
E. Programmatic or Broad-Based Studies and NEPA Reviews
Agency decisions can address different geographic scales that can range from the
programmatic or landscape level to the site- or project-specific level. Agencies
sometimes conduct analyses or studies that are not NEPA reviews at the national level or
other broad scale level (e.g., landscape, regional, or watershed) to assess the status of one
or more resources or to determine trends in changing environmental conditions.81 In the
context of long-range energy, transportation, and resource management strategies an
agency may decide that it would be useful and efficient to provide an aggregate analysis
of GHG emissions or climate change effects in a programmatic analysis and then
incorporate by reference that analysis into future NEPA reviews.
A tiered, analytical decision-making approach using a programmatic NEPA
review is used for many types of Federal actions82 and can be particularly relevant to
addressing proposed land, aquatic, and other resource management plans. Under such an
approach, an agency conducts a broad-scale programmatic NEPA analysis for decisions
such as establishing or revising USDA Forest Service land management plans, Bureau of
Land Management resource management plans, or Natural Resources Conservation
Service conservation programs. Subsequent NEPA analyses for proposed site-specific
80

President’s Memorandum for the Heads of All Departments and Agencies, Executive Order on Federal Actions to Address
Environmental Justice in Minority and Low-Income Populations (Feb. 11, 1994), available at https://ceq.doe.gov/nepa/regs/eos/ii5.pdf; CEQ, Environmental Justice Guidance Under the National Environmental Policy Act, available at
https://ceq.doe.gov/nepa/regs/ej/justice.pdf.
81
Such a programmatic study is distinct from a programmatic NEPA review which is appropriate when the action under consideration
is itself subject to NEPA requirements. See CEQ, Memorandum for Heads of Federal Departments and Agencies, Effective Use of
Programmatic NEPA Reviews, Dec. 18, 2014, § I(A), p. 9, available at
https://www.whitehouse.gov/sites/default/files/docs/effective_use_of_programmatic_nepa_reviews_final_dec2014_searchable.pdf
(discussing non-NEPA types of programmatic analyses such as data collection, assessments, and research, which previous NEPA
guidance described as joint inventories or planning studies).
82
See 40 CFR 1502.20, 1508.28. A programmatic NEPA review may be appropriate when a decision is being made that is subject to
NEPA, such as establishing formal plans, programs, and policies, and when considering a suite of similar projects.
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decisions – such as proposed actions that implement land, aquatic, and other resource
management plans – may be tiered from the broader programmatic analysis, drawing
upon its basic framework analysis to avoid repeating analytical efforts for each tiered
decision. Examples of project- or site-specific actions that may benefit from being able
to tier to a programmatic NEPA review include: constructing transmission lines;
conducting prescribed burns; approving grazing leases; granting rights-of-way; issuing
leases for oil and gas drilling; authorizing construction of wind, solar or geothermal
projects; and approving hard rock mineral extraction.
A programmatic NEPA review may also serve as an efficient mechanism in which
to assess Federal agency efforts to adopt broad-scale sustainable practices for energy
efficiency, GHG emissions avoidance and emissions reduction measures, petroleum
product use reduction, and renewable energy use, as well as other sustainability
practices.83 While broad department- or agency-wide goals may be of a far larger scale
than a particular program, policy, or proposed action, an analysis that informs how a
particular action affects that broader goal can be of value.
F. Monetizing Costs and Benefits
NEPA does not require monetizing costs and benefits. Furthermore, the weighing
of the merits and drawbacks of the various alternatives need not be displayed using a
monetary cost-benefit analysis and should not be when there are important qualitative
considerations.84 When an agency determines that a monetized assessment of the impacts
of greenhouse gas emissions or a monetary cost-benefit analysis is appropriate and

83
84

See Exec. Order No. 13693, 80 Fed. Reg. 15869 (Mar. 25, 2015).
See 40 CFR 1502.23.
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relevant to the choice among different alternatives being considered, such analysis may
be incorporated by reference85 or appended to the NEPA document as an aid in
evaluating the environmental consequences.86 For example, a rulemaking could have
useful information for the NEPA review in an associated regulatory impact analysis
which could be incorporated by reference.87 When using a monetary cost-benefit
analysis, just as with tools to quantify emissions, the agency should disclose the
assumptions, alternative inputs, and levels of uncertainty associated with such analysis.
Finally, if an agency chooses to monetize some but not all impacts of an action, the
agency providing this additional information should explain its rationale for doing so.88

V. CONCLUSION AND EFFECTIVE DATE
Agencies should apply this guidance to all new proposed agency actions when a
NEPA review is initiated. Agencies should exercise judgment when considering whether
to apply this guidance to the extent practicable to an on-going NEPA process. CEQ does
not expect agencies to apply this guidance to concluded NEPA reviews and actions for

85
See 40 CFR 1502.21 (material may be cited if it is reasonably available for inspection by potentially interested persons within the
time allowed for public review and comment).
86
When conducting a cost-benefit analysis, determining an appropriate method for preparing a cost-benefit analysis is a decision left
to the agency’s discretion, taking into account established practices for cost-benefit analysis with strong theoretical underpinnings (for
example, see OMB Circular A-4 and references therein). For example, the Federal social cost of carbon (SCC) estimates the marginal
damages associated with an increase in carbon dioxide emissions in a given year. Developed through an interagency process
committed to ensuring that the SCC estimates reflect the best available science and methodologies and used to assess the social
benefits of reducing carbon dioxide emissions across alternatives in rulemakings, it provides a harmonized, interagency metric that
can give decision makers and the public useful information for their NEPA review. For current Federal estimates, see Interagency
Working Group on Social Cost of Carbon, United States Government, Technical Support Document Technical Update of the Social
Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866 (revised July 2015), available at
https://www.whitehouse.gov/omb/oira/social-cost-of-carbon.
87
For example, the regulatory impact analysis was used as a source of information and aligned with the NEPA review for Corporate
Average Fuel Economy (CAFÉ) standards, see National Highway Traffic Safety Administration, Corporate Average Fuel Economy
Standards, Passenger Cars and Light Trucks, Model Years 2017-2025, Final Environmental Impact Statement, Docket No. NHTSA2011-0056 (July 2012), § 5.3.2, available at http://www.nhtsa.gov/Laws+&+Regulations/CAFE++Fuel+Economy/Environmental+Impact+Statement+for+CAFE+Standards,+2017-2025.
88
For example, the information may be responsive to public comments or useful to the decision maker in further distinguishing
between alternatives and mitigation measures. In all cases, the agency should ensure that its consideration of the information and
other factors relevant to its decision is consistent with applicable statutory or other authorities, including requirements for the use of
cost-benefit analysis.
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which a final EIS or EA has been issued. Agencies should consider applying this
guidance to projects in the EIS or EA preparation stage if this would inform the
consideration of differences between alternatives or address comments raised through the
public comment process with sufficient scientific basis that suggest the environmental
analysis would be incomplete without application of the guidance, and the additional time
and resources needed would be proportionate to the value of the information included.
# # #
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Executive Summary
Within a few weeks during the summer of 2000,
eight towers rose two hundred feet above an
agricultural field on a low ridge top along the
Pennsylvania Turnpike. Not long after, large blades
began sweeping the Somerset County sky as
Pennsylvania’s first industrial wind facility went on
line. Several years later and an hour drive to the
west, an unusual natural gas well was drilled over a
mile down and pumped full of water. That well in
Washington County yielded a surprising amount of
gas flowing from fractures in a shale formation that
geologists had long suspected held plenty of gas but
has been too expensive to develop. Meanwhile, a
Forest landscape along the West Branch Susquehanna
Canadian company bought a small sawmill in
River, Clinton County. © George C. Gress / TNC
Mifflintown and started producing wood pellets for
stoves, boilers, and electric plants. It soon became one of the region’s largest producers of wood biomass energy
supplies. In the decade since, these three new energy technologies have expanded rapidly across the state. By the
end of this year, 500 wind turbines will be turning on Pennsylvania ridgelines, nearly 1,800 Marcellus natural gas
wells will be scattered across rolling fields and forests, and over 50 facilities will be producing wood pellets or
burning wood for energy. Thousands of miles of pipelines and
powerlines already crisscross the state to get energy supplies to
major markets in the Northeast.
Each of these energy sources carries both promise and risk for
people and nature. The promise is that wind, natural gas, and
wood biomass energy can replace coal and oil and their higher
greenhouse gas emissions, generate jobs, and increase energy
security. The risk is that extensive land use change and loss of
natural habitats could accompany new energy development and
Black-throated blue warblers and other
transmission lines. Impacts to priority conservation habitats
interior forest species could be impacted
across the state have been modest thus far. For example, aerial
by forest fragmentation caused by energy
photo analysis indicates Marcellus gas development has so far
development. © Gary Irwin
cleared just 3,500 acres of forest (about 1,000 acres for wind
turbines). An additional 8,500 acres of forest is now within 300
feet of new fragmenting edges created by well pads, and associated roads and infrastructure (5,000 acres for wind
turbines). This fragmentation deprives “interior” forest species, such as black-throated blue warblers, northern
goshawks, salamanders, and many woodland flowers, of the shade, humidity and tree canopy protection that only
deep forest environments can provide.
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By all accounts, each of these energy types is likely to
grow substantially in Pennsylvania during the next two
decades. The Marcellus shale formation, which
underlies two-thirds of the state, is now believed to be
one of the largest unconventional shale gas reserves in
the world. The Pennsylvania Alternative Energy
Portfolio Standards Act of 2004, along with state and
federal incentives, will likely boost expansion of wind,
wood biomass, and other alternative energy types over
the next two decades. But, how much of each energy
type might be developed? What transmission
infrastructure will be needed to get more electric
Nine Mile Run Creek in PA’s North Central Highlands
power and natural gas to consumers? And, where are
© George C. Gress / TNC.
these energy types most likely to be developed? How
does the likely scale and location of future energy development overlap with priority conservation areas? The
Pennsylvania Energy Impacts Assessment seeks answers to these questions so that conservationists can work more
effectively with energy companies and government agencies to avoid, minimize or mitigate habitat impacts in the
future.
Assessment Goal: Develop credible energy development projections and assess how they might affect high
priority conservation areas across Pennsylvania. Marcellus natural gas, wind, wood biomass, and associated
electric and gas transmission lines were chosen as the focus since these energy types have the most potential to
cause land-use change in the state over the next two decades. The conservation impacts focus is on forest,
freshwater, and rare species habitats. The assessment does not address other potential environmental impacts,
including water withdrawal, water quality, air quality and migratory pathways for birds and bats.
Key Assumptions: Any assessment of future trends must include certain assumptions. Among the most important
assumptions of the Pennsylvania Energy Impacts Assessment are the following:
•

A 20-year time period is used to assess potential cumulative habitat impacts from energy development;

•

Given uncertainties about how energy prices could change, it was assumed that prices and capital
investment (and policy and social conditions) will be sufficient to promote steady development growth for
each energy type during the next two decades;

•

Given uncertainty about how technology changes could affect spatial footprints, it was assumed that
spatial footprints per well pad, turbine, and mile of transmission line will not change significantly during
the next two decades;

•

Given the proprietary nature of data on leases, Marcellus Shale porosity, fine resolution wind power, etc.,
all projections are based on publicly available information;

•

It was assumed that recent trends and patterns of energy development will continue for the next two
decades absent significant changes in government policies and industry practices;
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Energy projections contained in this assessment are informed scenarios – not predictions – for how much energy
development might take place and where it is more and less probable. Projected impacts, however, are based on
measurements of actual spatial footprints measured for hundreds of well pads and wind turbines.
Analytical Steps: Key analytical steps for the Pennsylvania Energy Assessment included:
1) Data collection – Over 50 spatial data layers on energy resources, development permits, road and
transmission infrastructure, physical features, and conservation priorities were compiled for the
assessment;
2) Spatial footprint analysis – Spatial footprints for Marcellus gas well and wind turbine pads, associated
roads, associated pipelines, associated electric transmission lines, and associated other clearings (e.g., gas
containment pits, equipment staging areas, electrical substations) were digitized using aerial photos of
sites before and after construction;
3) Scale projections – Low, medium, and high scenarios for how much Marcellus Shale natural gas, wind,
wood biomass, and transmission line development might occur were based as much as possible on
existing projections and data from credible sources.
4)

Geographic projections – Projections of where new Marcellus natural gas and wind energy development is
more and less likely to occur were based on modeling the probability of a map pixel’s land-use change to
energy production based on sets of drivers and constraints developed for each energy type. Geographic
projections for wood biomass and energy transmission were not modeled due to a lack of data.
Conclusions about regional patterns of wood biomass and transmission development and potential
conservation impacts will be presented in Report 2 of the Pennsylvania Energy Impacts Assessment.

5) Conservation impacts analysis – The potential impacts of future energy development were assessed for
forest and freshwater habitats across the state. In addition, sites recognized as important for species of
conservation concern were assessed. Conservation datasets for these assessments included, among
others, large forest patches from The Nature Conservancy and the Western Pennsylvania Conservancy,
habitat areas for rare species from the Pennsylvania Natural Heritage Program, densities for interior
nd
forest nesting bird species from the 2 Pennsylvania Breeding Bird Atlas, and intact watersheds for native
brook trout populations from the Eastern Brook Trout Joint Venture.
6) Review – A dozen energy experts in government, industry, and research organizations provided technical
review of the energy projections.
Energy Projections: The Pennsylvania Energy Impacts Assessment developed low, medium and high scenarios for
the amount of energy development that might take place in Pennsylvania by 2030. The projections include:
•

Marcellus Shale – Sixty thousand wells could be drilled on between 6,000 and 15,000 new well pads
(there are currently about 1,000) , depending on how many wells are placed on each pad. Gas
development will occur in at least half of the state’s counties, with the densest development likely in 15
counties in southwest, north central, and northeast Pennsylvania.

•

Wind – Between 750 and 2,900 additional wind turbines could be built (there are currently about 500),
depending on the wind share of electric generation by 2030. Most turbines would be built along the
Allegheny Front in western Pennsylvania and on high Appalachian ridgetops in the central and
northeastern parts of the state.
5
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•

Wood Biomass – Wood biomass energy demand could double or even triple today’s wood energy use,
depending on whether and how many coal power plants co-fire with wood biomass. Wood biomass
energy development is likely to be widespread across the state in all three scenarios.

•

Transmission Lines – Preliminary findings indicate between 10,000 and 15,000 thousand miles of new
high-voltage power lines and gas pipelines (especially gathering lines) could be built during the next
twenty years. There is considerable uncertainty about exactly where these lines will be built but recently
proposed electric and gas transmission lines provide insights into potential habitat impacts.

Conservation Impacts: This first Pennsylvania Energy Impacts Assessment report focuses on the overlap between
likely Marcellus gas and wind development areas and Pennsylvania’s most important natural habitats. A second
report will focus on the potential for additional impacts from new wood biomass energy plants, electric power
lines, and natural gas pipelines. Key findings for impacts from Marcellus natural gas and for wind development
include:
Forests. By 2030, a range of between 34,000 to 82,000 acres of forest cover could be cleared by new
Marcellus gas development in the state. Forest clearing for the wind development scenarios is much
smaller, ranging from 1,000 to 4,500 acres. Such clearings would create new forest edges where the risk
of predation, changes in light and humidity levels, and expanded presence of invasive species could
threaten forest interior species in 85,000 to 190,000 forest acres adjacent to Marcellus development and
5,400 to 27,000 forest acres adjacent to wind development. Forest impacts will be concentrated in the
north central and southwest parts of the state where many of the state’s largest and most intact forest
patches could be fragmented into smaller patches by well pads, roads, and other infrastructure. Impacts
to forest interior species will vary depending on their geographic distribution and density. Some species,
such as the black-throated blue warbler, could see widespread impacts to their relatively restricted
breeding habitats in the state while widely distributed species, such as the Scarlet Tanager, would be
relatively less affected. Locating energy infrastructure in open areas or toward the outer edges of large
patches can significantly reduce impacts to important forest areas.
Freshwater. Aquatic habitats are at risk too. Once
widespread, healthy populations of native eastern
brook trout in Pennsylvania are now largely confined to
small mountain watersheds. Nearly 80 percent of the
state’s most intact brook trout watersheds could see at
least some Marcellus gas and wind development during
the next twenty years. Strongholds for brook trout are
concentrated in north central Pennsylvania, where
Marcellus development is projected to be relatively
intensive in over half of the state’s best brook trout
watersheds. Exceptional Value streams – the
Department of Environmental Protection’s highest
Brook trout © TNC
quality designation – could see hundreds of well pads
(perhaps 300 - 750) and dozens of wind turbines
(perhaps 50 – 200) located within one-half mile under the projections. Because many intact brook trout
6

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

and EV streams are in steep terrain, rigorous sediment controls, and possibly additional setback
measures, are needed to help conserve these sensitive habitats.
Rare Species. Nearly 40 percent of Pennsylvania’s globally rare and Pennsylvania threatened species can
be found in areas with high potential for Marcellus gas development. These species tend to be associated
with riparian areas, streams, and wetlands, while others are concentrated in unusually diverse areas such
as the Youghiogheny Gorge. A handful of rare species have most or all of their known locations in high
potential areas for Marcellus gas development. For example, three-fourths of all known snow trillium
populations are in high potential Marcellus development areas as are all known populations for the green
salamander. A much smaller number of known locations for globally and state rare species overlap with
high potential wind development sites and they tend to be associated with rocky outcrops and ridgetop
barrens habitats. Species with the greatest overlaps include timber rattlesnakes, Allegheny woodrats, and
northern long-eared Myotis bats. More intensive surveys for globally rare and state critically endangered
species in high potential Marcellus and wind development areas could help to minimize impacts before
development begins. The Pennsylvania Game Commission is working with wind companies and other
researchers to assess impacts to migratory pathways for birds and bats.
Recreation. Extensive overlaps are projected between Marcellus development and state forests, state
parks, and state game lands. Just over ten percent of Pennsylvania’s public lands are legally protected
from gas development, most of it within State Wild and Natural Areas or in state parks where the
Commonwealth owns the mineral rights. The state does not own mineral rights for 80% of State Park and
State Game Lands, nearly 700,000 acres of State Forests have already been leased, and only about
300,000 acres of the remaining State Forest Lands are legally off-limits to future leases. Projections
indicate between 900 and 2,200 well pads could be developed across all state lands, with most going on
State Forest Lands, followed by State Game Lands, and State Parks. Wind development was not projected
on state lands, though some facilities are projected near highly visited sites, including natural vistas.
Clearly, the heart of some of Pennsylvania’s best natural habitats lie directly in the path of future energy
development. Integrating information on conservation priorities into energy planning, operations, and policy by
energy companies and government agencies sooner rather than later could dramatically reduce these impacts.
Many factors – including energy prices, economic benefits, greenhouse gas reductions, and energy independence –
will go into final decisions about where and how to proceed with energy development. Information about
Pennsylvania’s most important natural habitats should be an important part of the calculus about trade-offs and
optimization as energy development proceeds. Would Pennsylvania’s conservation pioneers, including Gifford
Pinchot, Maurice Goddard, and Rachel Carson, expect anything less?

7

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Marcellus Shale Natural Gas
Once thought to be inaccessible, deep shale formations with tightly held natural gas have become the most rapidly
growing source of energy in North America. New technologies and methods have allowed companies to drill 6,000
to 10,000 feet down to reach the Marcellus shale, turn the well horizontally to follow the shale layer for a mile or
more, and then pump in millions of gallons of water to fracture the shale and release the natural gas. Pennsylvania
is at the epicenter of the Marcellus formation, one of the world’s largest unconventional shale natural gas
reserves. Situated right next door to huge markets in the Mid-Atlantic and Northeastern states, Marcellus gas
development has expanded at a furious pace since the first wells were drilled just few years ago in Washington
County. There are now nearly 2,000 drilled wells, most of them concentrated in the southwestern and
northeastern parts of the state.
The Marcellus boom is bringing rapid economic growth to many rural communities that have been in economic
decline for decades. Natural gas is also displacing higher carbon coal and oil supplies thus slowing the rise in
greenhouse gas emissions. These benefits are real but not without costs. Large amounts of water must be
withdrawn to frac each well (about 5 million gallons). The return flow water that comes back up from the well
contains varying levels of chemicals, heavy metals, and even radioactive materials, and must be handled carefully
to avoid spills when recycled or disposed. Heavy trucks and compressor stations rumble constantly in gas
development areas putting heavy strains on roads, bridges and air quality. Because of known and perceived risks
to environmental quality and human health, water use, air emissions and transportation demands are receiving
growing attention from government agencies, researchers and energy companies. Thus far, relatively little
attention, however, has been focused on Marcellus gas development impacts to natural habitats across the state.

What is Marcellus Shale Natural Gas?
The Marcellus is the largest gas-bearing shale
formation in North America in both area and
potential gas volume. It spans over 150,000
square miles across 5 states including the
southern tier of New York, the northern and
western half of Pennsylvania, the eastern third of
Ohio, most of West Virginia, and a small slice of
western Virginia. Estimates of the potential
recoverable volume have increased steadily. The
latest estimates by the U.S. Department of Energy
are nearly 300 trillion cubic feet – enough to
supply all natural gas demand in the United States
for at least 10 years.
Map showing the extent of the Marcellus Shale formation.
Data source: United States Geological Survey.
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Geologists have long known the Marcellus formation is an organically-rich shale with potentially large amounts of
natural gas, but it was too deep, too thin, and too dense to exploit. In 2005, Range Resources drilled the first
production Marcellus well using horizontal drilling and hydraulic fracturing methods. The horizontal drilling is
necessary because the shale is typically thin and vertical wells will only intercept a small part of the formation.
Hydraulic fracturing (or “fracing”) is a process that uses large volumes of water, sand, lubricants, and other
chemicals to create small fissures in the shale rock. Hydro-fracing is necessary to release the gas which is tightly
held in the dense black shale. These methods, first perfected for deep shale gas in the Barnett formation of Texas,
unlocked the tremendous gas reserves in the Marcellus and other “unconventional” shale formations previously
thought to be out of economic reach.
In contrast to shallow gas deposits in western Pennsylvania, the Marcellus is developed with multiple horizontal
wells that can reach out 5,000 feet or more from one well pad. Everything about Marcellus development is bigger
than conventional shallow gas plays. The well pads are more expansive (averaging just over 3 acres compared to a
small fraction of an acre), the water used to frac wells is much greater (5 million gallons versus a hundred
thousand gallons), and the supporting infrastructure is much larger in scale (24” diameter pipelines to gather gas
from wells versus 2” or 4” pipelines in shallow fields). Individual wells are also vastly more productive (5 – 10
million cubic feet per day versus less than 100,000 cubic feet in peak early production). While the larger pad,
greater water use, and more extensive infrastructure pose more challenges for conservation than shallow gas, the
area “drained” by wells on each Marcellus pad is much larger than from shallow gas pads (500-1,000 acres versus
10-80 acres) since there are typically multiple lateral wells on a Marcellus pad versus a single vertical well on a
shallow gas pad. The lateral reach of Marcellus wells means there is more flexibility in where pads and
infrastructure can be placed relative to shallow gas. This increased flexibility in placing Marcellus infrastructure
can be used to avoid or minimize impacts to natural habitats in comparison to more densely-spaced shallow gas
fields.

Current and Projected Marcellus Shale Natural Gas Development

Projections of future Marcellus gas
development impacts depend on robust
spatial measurements for existing Marcellus
well pads and infrastructure. We have been
able to precisely document the spatial foot
print for 242 Marcellus well sites across the
state by comparing aerial photos of
Pennsylvania Department of Environmental
Protection (DEP) Marcellus well permit
locations taken before and after
development. The ground excavated for wells
and associated infrastructure is the most
obvious spatial impact.

Landscape Context of 242 Assessed
Marcellus Shale Well Pads
Forest
91
24%
Forest
Edge
83
22%

Agriculture
184
49%
Existing
Cleared
18
5%
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For each well site, the area for the well pad, new or expanded roads, gathering pipelines, and water
impoundments were digitized and measured.

Aerial photos before and after development of a Marcellus gas well pad site in Susquehanna County, PA. To
assess the impacts of this type of energy development, we have digitized the spatial footprint of 242 gas well
pad sites and associated infrastructure.

Average Spatial Disturbance for Marcellus Shale
Well Pads in Forested Context (acres)
Forest cleared for Marcellus Shale well pad
Forest cleared for associated infrastructure
(roads, pipelines, water impoundments, etc.)

3.1
8.8
5.7

Indirect forest impact from new edges

21.2

TOTAL DIRECT AND INDIRECT IMPACTS

30

Well pads occupy 3.1 acres on
average while the associated
infrastructure (roads, water
impoundments, pipelines)
takes up an additional 5.7
acres, or a total of nearly 9
acres per well pad.
Adjacent lands can also be
impacted, even if they are not
directly cleared. This is most
notable in forest settings
where clearings fragment
contiguous forest patches,
10 
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create new edges, and change habitat conditions for sensitive wildlife and plant species that depend on “interior”
forest conditions.
Forest ecologists call this the “edge effect.” While the effect is somewhat different for each species, research has
shown measurable impacts often extend at least 330 feet (100 meters) forest adjacent to an edge. Interior forest
species avoid edges for different reasons. Black-throated blue warblers and other interior forest nesting birds, for
example, avoid areas near edges because of the increased risk of predation. Tree frogs, flying squirrels and certain
woodland flowers are sensitive to forest fragmentation because of changes in canopy cover, humidity and light
levels. Some species, especially common species such as whitetail deer and cowbirds, are attracted to forest edges
– often resulting in increased competition, predation, parasitism, and herbivory. Invasive plant species, such as
tree of heaven, stilt grass, and Japanese barberry, often thrive on forest edges and can displace native forest
species. As large forest patches become progressively cut into smaller patches, populations of forest interior
species decline.
To assess the potential interior forest habitat impact, we created a 100 meter buffer into forest patches from new
edges created by well pad and associated infrastructure development. For those well sites developed in forest
areas (about half of the 242 total sites), an average area of 21 acres of interior forest habitat was lost.

Interior forest habitat before and after development of a Marcellus gas well
pad site in Elk County, PA.
The number of Marcellus wells drilled in Pennsylvania during the next two decades will expand steadily. Just how
many wells are drilled will be driven by various factors including natural gas prices, technological improvements,
human resources, regulatory changes in Pennsylvania and beyond (e.g., end of New York drilling moratorium), and
social preferences. Assessing how these factors will change over the next two decades is very difficult; therefore
11 
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our projections assume economic, policy, and social conditions remain stable enough to promote steady expansion
of Marcellus gas development in the state. The first key variable in our projection is the number of drilling rigs that
will be operating in Pennsylvania. By October 2010, the industry had moved just over 100 rigs into Pennsylvania to
drill Marcellus wells according to the Baker-Hughes weekly rig count. Given the high productivity of the Marcellus
and its proximity to major northeastern markets, most industry observers expect this number to continue growing
steadily. The number of horizontal drill rigs operating in the Barnett Shale has peaked at about 200, but the

We project 60,000 Marcellus wells will be drilled during the next twenty years based on company
investor presentations and academic assessments of gas development potential. Depending on how
many wells on average are placed on the same pad site (see illustration below), we project between
7,000 and 16,000 new well pad sites will be developed in Pennsylvania by 2030.
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Marcellus Shale is much larger and could reach 300 rigs in Pennsylvania alone. We chose a conservative estimate
of 250 maximum horizontal drill rigs for each scale projection scenario. Assuming that each rig can drill one well
per month, 3,000 wells are estimated to be drilled annually. At that rate, 60,000 new wells would be drilled by the
year 2030.
The second key variable, especially for determining land-use and habitat impacts, is the number of wells on each
pad. Because each horizontal well can drain gas from 80 to 170 acres (depending on the lateral well length), more
wells per pad translates to less disturbance and infrastructure on the landscape. It’s technically possible to put a
dozen or more Marcellus wells on one pad So far, the average in Pennsylvania is two wells per pad as companies
quickly move on to drill other leases to test productivity and to secure as many potentially productive leases as
possible (leases typically expire after 5 years if there is no drilling activity). In many cases, the gas company will
return to these pads later and drill additional wells. The low scenario (6,000 well pads) assumes that each pad on
average will have ten wells. Because many leases are irregularly shaped, in mixed ownership, or the topography
and geology impose constraints, it is unlikely this scenario will develop. It would take relatively consolidated
leaseholds and few logistical constraints for this scenario to occur. The medium scenario for well pads assumes 6
wells on average will be drilled from each pad, or 10,000 well pads across the state. Industry staff generally agree
that six is the most likely number of wells they will be developing per pad for most of their leaseholds, at least
where lease patterns facilitate drilling units of 600 acres or larger. The high scenario assumes each pad will have 4
wells drilled on average, or 15,000 well pads across the state. This scenario is more likely if there is relatively little
consolidation of lease holds between companies in the next several years.
The number of well pads is less important than where they are located, at least from a habitat conservation
perspective. To understand which areas within Pennsylvania’s Marcellus formation are more and less likely to be
developed, we used a machine-based learning modeling approach known as maximum entropy (Maxent 3.3.3a,
Princeton University). Maximum entropy was used to find relationships between 1,461 existing and permitted well
pad locations and variables that might be relevant to a company’s decision to drill a Marcellus well. Such variables
were chosen based on data availability and included Marcellus Shale depth, thickness and thermal maturity as well
as percent slope, distance to pipelines, and distance to roads. The model produces a raster surface that represents
the probability of an area to potentially support future gas well development. An additional 487 existing and
permitted wells were used to test the validity of the model’s probability surface and the model was found to be
80% accurate in predicting existing and permitted wells from randomly sampled undeveloped areas. The resulting
probability map indicates wide variation across the Marcellus formation in terms of the likelihood of future gas
well development.
To get a better sense of where gas development is most likely, we searched for the highest probability areas where
well pads in each scenario might be located. The probability raster was re-sampled to a resolution that reflects the
minimum separation distance between well pads for each of the three impact scenarios (low – 5,217 ft; medium –
4,134 ft; high – 3,346 ft). The minimum separation distance represents the drainage area for gas extraction and is
dependent upon the number of wells per pad, which differs among the three impact scenarios. Using this method,
each pixel of the raster represents the combined area of a well pad plus the minimum separation distance. The
highest probable pixels were then selected until the threshold for each impact scenario was reached (low – 6,000
well pads; medium – 10,000 well pads; high – 15,000 well pads). Areas incompatible for future gas exploration
(existing drilled Marcellus Shale wells, Wild and Natural Areas, and water bodies) were excluded from being
selected as probable pixels. The highest probable pixels were then converted into points for map display purposes.
13 
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While the geographic area with projected well pads expands from low to high scenarios, the overall geographic
pattern is not cumulative due to the differences in minimum separation distance between the three scenarios.
Overall, hotspots for future gas development can be seen in half a dozen counties in southwestern Pennsylvania
and half a dozen counties in north central and northeastern parts of the state.
These geographic projections of future Marcellus gas development are spatial representations of possible
scenarios. They are not predictions. We faced several constraints in developing the geographic scenarios:
•

We do not have access to proprietary seismic and test well geologic data that natural gas companies
have. Shale porosity, for example, is a key factor but there are no publicly available data for this.

•

We do not have the detailed location of gas company leases. Each company is looking for the highest
probability locations across their lease holds while our model looks for the highest probability sites across
the entire Marcellus formation in the state. Because there have only been a few Marcellus test wells and
permits in the Delaware watershed, we believe the projections for new well pads are probably
significantly underestimated in Wayne County.

Still, we believe the overall geographic patterns in the projected gas development locations are relatively robust
for several reasons. We used nearly 1,500 existing drilled or permitted well pads to build the model and nearly 500
additional drilled and permitted well pads to validate the model. This is typically a sufficient sample size for
building predictive models. Additionally, reviews from industry, academic, and government agency reviewers
indicate our methods and results are generally sound. Some reviewers expect future well pad locations to be
more geographically expansive than our current projections indicate, especially in the Delaware watershed where
only a few Marcellus test wells and permits have been issued. Our projections for Wayne County, for example, are
likely underestimating future development potential.

14 
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Map showing projected location of new Marcellus well pads in southern Susquehanna County
under the medium development scenario.

Map showing projected location of new Marcellus well pads in southwestern Pennsylvania under
the medium development scenario.
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Map showing projected location of 6,000 new Marcellus well pads across Pennsylvania (low
development scenario).

Map showing projected location of 15,000 new Marcellus well pads across Pennsylvania (high
development scenario).
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Conservation Impacts of Marcellus Shale Natural Gas Development
What is the overlap of the areas with the highest probability of future Marcellus gas development and those areas
known to have high conservation values? To answer this question, we intersected the projected Marcellus well
pads with areas previously identified and mapped as having high conservation values. We looked at several
examples from four categories of conservation value, including:
•
•
•
•

Forest habitats
Freshwater habitats
Species of conservation concern
Outdoor recreation

Substantial areas of overlap are indicated between likely future Marcellus development areas and Pennsylvania’s
most important forest, freshwater, sensitive species habitats, and outdoor recreation sites.
FORESTS
Forests are Pennsylvania’s most extensive natural habitat type. Once covering at least 95 percent of the state’s
land area, forests were whittled away for agriculture, charcoal for iron smelting, and lumber until only a third of
the state’s forests remained. Forests have rebounded steadily to cover about 60 percent of the state, though a
trend toward increasing net loss of forest has emerged during the past decade. Pennsylvania is famous worldwide
for its outstanding cherry, oak, and maple hardwoods, and forests provide livelihoods for many thousands of
Pennsylvanians in the forest products and tourism industries. They also contribute enormously to the quality of
life for all Pennsylvanians by filtering contaminants from water and air, reducing the severity of floods,
sequestering carbon dioxide emissions that would otherwise warm the planet, and providing a scenic backdrop to
recreational pursuits.
A majority of projected well locations are found in a forest setting for all three scenarios (64% in each case). The
low scenario would see 3,845 well pads in forest areas. With an average cleared forest average of 8.8 acres per
pad (including roads and other infrastructure), the total forest clearing would be approximately 33,800 acres.
Indirect impacts to adjacent forest interior habitats would total an additional 81,500 acres. Forest impacts from
the medium scenario (6,350 projected wells in forest locations) would be 56,000 cleared forest acres and an
additional 135,000 acres of adjacent forest interior habitat impacts. For the high scenario (9,448 forest well pads),
approximately 83,000 acres would be cleared and an additional 200,300 acres of forest interior habitats affected
by new adjacent clearings. While the high Marcellus scenario would result in a loss of less than one percent of the
state’s total forest acreage, areas with intensive Marcellus gas development could see a loss of 2-3 percent of local
forest habitats. Some part of the cleared forest area will become reforested after drilling is completed, but there
has not been enough time to establish a trend since the Marcellus development started.
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While all forests have conservation value, large contiguous forest patches are especially valuable because they
usually sustain a wider array of forest species than small patches. They are also more resistant to the spread of
invasive species, suffer less tree damage from wind and ice storms, and provide more ecosystem services – from
carbon sequestration to water filtration – than small patches. The Nature Conservancy and the Western
Pennsylvania Conservancy’s Forest Conservation Analysis mapped nearly 25,000 forest patches in the state greater
than 100 acres. Patches at least 1,000 acres in size are about a tenth of the total (2,700). Patches at least 5,000
acres are relatively rare (only 316 patches). In contrast to overall forest loss, projected Marcellus gas development
scenarios indicate a more pronounced impact on large forest patches. For example, over 20 percent of patches
greater than 1,000 acres are projected to have at least one well pad and associated infrastructure located in them.
Most affected large patches have multiple projected well pads (as many as 29). The projections indicate larger
patches are likely to be more vulnerable, with over a third projected to have at least one new well

Map showing number of probable Marcellus well pads in forest patches greater than 1,000 acres across
Pennsylvania.

pad and road. Many affected large patches have multiple projected well pads (as many as 17 for patches). While
one or two well pads and associated infrastructure will not necessarily fragment the large patch into smaller
patches, each additional well pad increases the likelihood that the large patch will become several smaller patches
with a substantially reduced forest interior habitat area.
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Map showing projected number of well pads in forest patches greater than 1,000 acres under the medium
development scenario in Potter, Cameron, McKean and Forest Counties.

Bird species that nest in close canopy forest environments are often referred to as “forest interior” species. The
Carnegie Museum of Natural History, Powdermill Nature Reserve and the Pennsylvania Game Commission recently
completed Pennsylvania’s Second Breeding Bird Atlas project. Thousands of experienced volunteer birders took
point count counts using standardized protocols at 39,000 sites across the state. The result is an incredibly detailed
data base that provides the most accurate reflection of the distribution
and density of breeding birds in the United States. Density data for
several forest interior nesting species were mapped and intersected with
the projected Marcellus gas well pad locations. The resulting maps show
the estimated reduction in habitat for that species in each Marcellus gas
probability pixel (including both cleared forest and adjacent edge
effects). Scarlet Tanagers are perhaps the most widespread forest
interior nesting bird in the state. Since they are so widespread, a
majority of their range in the state is outside of the most likely Marcellus
development areas. In some locations, Scarlet Tanager populations could
decline by as much as 23 percent in the Medium Scenario. BlackThroated Blue Warblers are more narrowly distributed in Pennsylvania
Scarlet tanager © U.S. Fish and
favoring mature northern hardwood and coniferous forests with a thick
understory, frequently in mountain terrain. Since most of their breeding
Wildlife Service
range in Pennsylvania overlaps with likely Marcellus development areas,
a higher proportion of their habitat could be affected.
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Map showing estimated percent loss of habitat for Scarlet Tanagers under medium scenario.

Map showing estimated percent loss of habitat for Black-Throated Blue Warblers under medium
scenario.
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FRESHWATER
Home to three great river systems and one of the Great Lakes, Pennsylvania’s fresh water resources are vital not
only to the Commonwealth but to much of the eastern United States. The Ohio River basin contains the richest
fresh water ecosystems in North America. In Pennsylvania, French Creek and parts of the Upper Allegheny River
contain some of the most intact aquatic ecosystems in the entire basin. The Susquehanna River is the source of
more than half the fresh water that enters the Chesapeake Bay, and most of the water that flows down the
Susquehanna River originates in tributary headwaters across a wide swath of central Pennsylvania. Forming
Pennsylvania’s eastern boundary, the Delaware River is the longest undammed river in the eastern United States,
one of the last strongholds for Atlantic coast migratory fish, and provides the drinking water source for nearly 20
million Americans living in Pennsylvania, New York, and New Jersey. Because of their importance to human health
and livelihoods, the potential of Marcellus gas development to affect water flows and quality have received
growing attention from regulatory agencies, natural gas companies, and environmental groups.
The intersection of gas development with sensitive watersheds has received less attention. High Quality and
Exceptional Value (EV) watersheds have been designated by the Pennsylvania Department of Environmental

Map showing current number of Marcellus well pads in intact and predicted intact brook trout
watersheds. Data source: Eastern Brook Trout Joint Venture.
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Protection across the state. Our projections indicate 28 percent of High Quality and 5 percent of Exceptional
Values streams have or will have Marcellus gas development during the next two decades presence of well pads in
these watersheds may not be a problem as long as spill containment measures and erosion and sedimentation
regulations are strictly observed and enforced in these areas. More specifically, the projections indicate 3,581 well
pads could be located within ½ mile of a High Quality or Exceptional Values streams. Pads within close proximity
to High Quality and especially Exceptional Value streams pose more risk than those at greater distances, as there is
increased risk for potential spills and uncontained sediments to find their way into streams.

Map showing projected number of Marcellus well pads by 2030 in intact and predicted intact brook trout
watersheds under medium scenario. Data source: Eastern Brook Trout Joint Venture.

Native brook trout are one of the most sensitive aquatic species in Pennsylvania watersheds. Brook trout favor
cold, highly-oxygenated water and are unusually sensitive to warmer temperatures, sediments, and contaminants.
Once widely distributed across Pennsylvania, healthy populations have retreated to a shrinking number of small
watersheds. Many of these watersheds overlap with the Marcellus shale formation. A large majority (113) of the
138 intact or predicted intact native brook trout watersheds in Pennsylvania are projected to see at least some
Marcellus gas development. Over half (74) are projected to host between 6 – 38 well pads, and the number
reaches as high as 64 pads for some intact brook trout watersheds in the high scenario. Rigorous sediment
controls and carefully designed stream crossings will be critical for brook trout survival in watersheds, especially
upper watersheds, with intensive Marcellus development.
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RARE SPECIES
Of the approximately 100,000 species believed to occur in
Pennsylvania, just over 1 percent (1052) are tracked by The
Pennsylvania Natural Heritage Program (PNHP). Due to low
population sizes and immediate threats, these species are rare,
declining or otherwise considered to be of conservation concern.
PNHP records indicate that 329 tracked species have populations
within pixels that have a relatively high modeled probability for
Marcellus development. Nearly 40 percent (132) are considered to
be globally rare or critically endangered or imperiled in Pennsylvania.
Many are found in riparian areas, streams, and wetlands, while
others are clustered in unusually biologically diverse areas such as
the Youghiogheny Gorge. Some of these species may have only one,
two or three populations left in the state. Two examples include the
green salamander (Aniedes aeneus) with all known populations in
Green salamander © Pennsylvania Fish
relatively high probability Marcellus development pixels and snow
and Boat Commission
trillium (Trillium nivale) with 73 percent of known populations in
relatively high probability pixels. A well-managed screening system to
identify the presence of these species and their preferred habitats will be critical to their survival as energy
development expands across the state.
RECREATION
Pennsylvania has built one of the largest networks of public recreation lands in the eastern United States, but
much of it could see Marcellus and other natural gas development in coming decades. Of the 4.5 million acres of
state and federal lands in the state, we estimate as little as 500,000 acres are permanently protected from surface
mineral development, including gas drilling. State and federal agencies do not own mineral rights under at least
2.2 million acres. Most other areas where the state does own mineral rights can be leased, such as the estimated
700,000 acres previously leased for gas development on state forest lands. Severe budget pressures will likely to
tempt the legislature to lease additional lands in the future. Our projections excluded state Wild and Natural
Areas, National Park lands, and Congressionally-designated Wilderness Areas but otherwise assumed that high
probability Marcellus gas pixels on public lands could be developed. The low scenario projects 897 pad locations
on State Forest and State Game Lands which expands to 1,438 well pads in the medium scenario and 2,096 pads in
the high scenario. The focal area below illustrates what the overlap of future gas development and conservation
lands could look like in the medium scenario for the southern Laurel Highlands. It projects 7 well pads in the
portion of Forbes State Forest visible in the focal area above, 13 pads on State Game Lands 51, and 3 on State
Game Lands 111.
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Map showing projected Marcellus well pads under the medium scenario on public and
private conservation lands in the Laurel Highlands.
Pennsylvania’s state park system, recognized as one of the best in the nation, illustrates the challenge of
protecting recreational values in areas of intensive Marcellus development. While the DCNR has a long standing
policy of not extracting natural resources in state parks, it does not own the mineral rights under an estimated 80
percent of the system’s 283,000 acres. Our projections indicate Marcellus well pads could be located in between 9
and 22 state parks.
AVOIDING FOREST IMPACTS IN THE LAUREL HIGHLANDS
The projected potential impacts of Marcellus gas energy development assume recent patterns of development will
continue. Given the relatively large areas drained by Marcellus gas pads (depending on the lateral length and
number of wells per pad),
there is flexibility in how they
Projected Well Pads on State Lands (Medium Scenario)
are placed. This allows us
potentially to optimize
DCNR State Forests
1,002
between energy production
DCNR State Parks
41
and conservation outcomes.
To look at how conservation
State Game Lands
436
impacts could be minimized,
we examined how projected
Total State Lands
1,479
Marcellus gas pads could be
relocated to avoid forest
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patches in the Southern Laurel Highlands in Fayette and Somerset counties. This area is important because it
represents a unique ecological region with a large amount of state land as well as private farmland and forest land.
The area is also facing great pressure to develop the Marcellus Gas resource. The focus area included
approximately 350 square miles and included Chestnut Ridge on its western border and Laurel Ridge on its east.
Within the area, there are two state parks (Ohiopyle State Park and Laurel Hill State Park), two State Game Lands
(SGL 51, SGL 111), and state forest land (Forbes State Forest).
The Medium Scenario projected 127 well pads in the focus area. Fourteen well pads were projected in agricultural
fields, 33 were in edge habitat (within 100 m of the forest edge), 11 fell within existing cleared areas (e.g. strip
mines), and 69 were in forest. There were five pads on Ohiopyle State Park, and 13 within a mile of its boundary.
Laurel Ridge State Park contained two pads. Forbes State Forest had seven modeled pads. State Game Lands 111
had 3 pads, and SGL 51 had 13. It was not clear if DCNR State Parks Bureau or the Game Commission control the
sub-surface mineral rights beneath the 23 modeled pads. Given that 80 percent of mineral rights are severed on
State Park and State Game Lands (and close to 100 percent in western parts of the state), we have assumed that
drilling could happen at those projected locations.
To assess additional impacts beyond the well pad itself, we placed a new and/or improved road from the projected
pad to the nearest existing road (ESRI Roads Layer). We placed new roads along existing trails, paths and openings
whenever detectable on aerial photo imagery (used Bing Maps and 2005-2006 PA Map imagery), avoiding
wetlands, steep slopes, cliffs, rock outcrops, and buildings, and where possible, rivers, streams, and forest patches.
The projected pads and roads required clearing 400 acres of forest.
Can a modest shift in the location of well pads reduce impacts to forest patches and conservation lands? To
reduce the impacts to forest habitats, the wells were relocated to nearby existing anthropogenic openings, old
fields, or agricultural fields. Attempts were made to maintain the 4,200 foot (1,260 m) distance between modeled
wells. If nearby open areas did not exist, the locations of the well pads were moved toward the edges of forest
patches to minimize impacts to forest interior habitats. A set of rules was developed and followed to minimize
bias, including:
1.
2.

Modeled well pads were not relocated if they occurred in old fields or agricultural fields.
Modeled well pads that occurred in forest or edge habitat were moved but well pads were placed in the
same general areas as the modeled well pad;
3. Attempts were made to avoid placing idealized wells any closer than the minimum distance between pads
as specified by the medium scenario (1260 m);
4. Agriculture, cleared land (e.g., former strip mines), or otherwise opened land cover was favored over
forest or edge for placing idealized well pads;
5. If the well pad could not be placed in an open area, forest edges were favored over deep interior forest;
6. Residential areas were avoided. Idealized well pads were placed at least 500 feet (150 m) from homes;
7. Wetlands, water, steep slopes, cliffs, rock outcrops, creeks and rivers, buildings and manicured lawns
were avoided;
8. Relocated well pads were only placed in areas with similar to those that supported modeled pads.
9. Relocated well pads often were connected to roads using existing trails, paths and openings whenever
detectable on aerial photo imagery (used Bing Maps and 2005-2006 PA Map imagery);
10. The same number of relocated well pads were placed on state lands and Western Pennsylvania
Conservancy lands as they were in the modeled output;
11. When the modeled well pad occurred within a forest patch with no nearby alternative locations (due to
proximity of other wells or environmental constraints), the projected well pad was not relocated.
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The relocated wells and roads did not eliminate forest impacts in this heavily forested landscape, but there was
a significant reduction. Total forest loss declined almost 40% while impacts to interior forest habitats
adjacent to new clearings declined by a third.
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Location of 127 projected Marcellus well pads and new roads in the study area in the
southern Laurel Highlands.
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Relocated well pads (on the right) reduced forest clearing and forest interior habitat impacts
by 40 % and 33% respectively compared to the projected well pads (on the left).
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Key Findings
Key findings from the Pennsylvania Energy Impacts Assessment for Marcellus Shale natural gas include:
•

About 60,000 new Marcellus wells are projected by 2030 in Pennsylvania with a range of 6,000 to 15,000
well pads, depending on the number of wells per pad;

•

Wells are likely to be developed in at least 30 counties, with the greatest number concentrated in 15
southwestern, north central, and northeastern counties;

•

Nearly two thirds of well pads are projected to be in forest areas, with forest clearing projected to range
between 34,000 and 83,000 acres depending on the number of number of well pads that are developed.
An additional range of 80,000 to 200,000 acres of forest interior habitat impacts are projected due to new
forest edges created by well pads and associated infrastructure (roads, water impoundments);

•

On a statewide basis, the projected forest clearing from well pad development would affect less than one
percent of the state’s forests, but forest clearing and fragmentation could be much more pronounced in
areas with intensive Marcellus development;

•

Approximately one third of Pennsylvania’s largest forest patches (>5,000 acres) are projected to have a
range of between 1 and 17 well pads in the medium scenario;

•

Impacts on forest interior breeding bird habitats vary with the range and population densities of the
species. The widely-distributed scarlet tanager would see relatively modest impacts to its statewide
population while black-throated blue warblers, with a Pennsylvania range that largely overlaps with
Marcellus development area, could see more significant population impacts;

•

Watersheds with healthy eastern brook trout populations substantially overlap with projected Marcellus
development sites. The state’s watersheds ranked as “intact” by the Eastern Brook Trout Joint Venture
are concentrated in north central Pennsylvania, where most of these small watersheds are projected to
have between two and three dozen well pads;

•

Nearly a third of the species tracked by the Pennsylvania Natural Heritage Program are found in areas
projected to have a high probability of Marcellus well development, with 132 considered to be globally
rare or critically endangered or imperiled in Pennsylvania. Several of these species have all or most of
their known populations in Pennsylvania in high probability Marcellus gas development areas.

•

Marcellus gas development is projected to be extensive across Pennsylvania’s 4.5 million acres of public
lands, including State Parks, State Forests, and State Game Lands. Just over 10 percent of these lands are
legally protected from surface development.

•

Integration of conservation features into the planning and development of Marcellus gas well fields can
significantly reduce impacts. For example, relocating projected wells to open areas or toward the edge of
large forest patches in high probability gas development pixels in the southern Laurel Highlands reduces
forest clearing by 40 percent and forest interior impacts by over a third.
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Additional Information
•

Geologic information on the Marcellus shale formation in Pennsylvania:
http://www.dcnr.state.pa.us/topogeo/oilandgas/marcellus_shale.aspx

•

Estimates of Marcellus shale formation gas reserves:
http://geology.com/articles/marcellus-shale.shtml

•

Baker-Hughes weekly oil and gas rig count
http://gis.bakerhughesdirect.com/Reports/StandardReport.aspx

•

Pennsylvania Department of Environmental Protection, Permit and Rig Activity Report:
http://www.dep.state.pa.us/dep/deputate/minres/oilgas/RIG10.htm

•

Copeland, H. E., K.E. Doherty, D.E. Naugle, A. Pocewicz, and J. M. Kiesecker. 2009. Mapping Oil and Gas
Development Potential in the US Intermountain West and Estimating Impacts to Species:
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0007400

•

Overview of forest fragmentation impacts on forest interior nesting species:
http://www.state.nj.us/dep/fgw/neomigr.htm

•

Overview of Pennsylvania High Quality and Exceptional Value Streams:
http://www.dcnr.state.pa.us/wlhabitat/aquatic/streamdist.aspx

•

Pennsylvania Department of Environmental Protection, Chapter 93 Water Quality Standards, Exceptional
Value and High Quality Streams: data downloaded from Pennsylvania Spatial Data Access:
http://www.pasda.psu.edu

•

Eastern Brook Trout Joint Venture intact brook trout watersheds:
http://128.118.47.58/EBTJV/ebtjv2.html

•

Overview of Carnegie Museum of Natural History, Powdermill Nature Reserve, and the Pennsylvania
nd
Game Commission’s 2 Pennsylvania Breeding Bird Atlas Project:
http://www.carnegiemnh.org/powdermill/atlas/2pbba.html

•

Pennsylvania Natural Heritage Program, including lists of globally rare and state endangered and
imperiled species: http://www.naturalheritage.state.pa.us/

•

U.S. Department of Agriculture, Natural Resources Conservation Service, National Agriculture Imagery
Program: http://datagateway.nrcs.usda.gov/GDGOrder.aspx

•

DigitalGlobe, GlobeXplorer, ImageConnect Version 3.1: http://www.digitalglobe.com
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Wind
Wind has become one of the country’s fastest growing sources of renewable energy. Pennsylvania is a leader in
the industry as host to several wind company manufacturing plants and corporate headquarters. Wind energy
development has been spurred by its potential to reduce carbon emissions, promote new manufacturing jobs, and
increase energy independence. Technological advances have expanded the size and efficiency of wind turbines
during the past decade. This, together with state and federal incentive programs, has facilitated wind
development in Pennsylvania, which otherwise ranks relatively low among states for its potential wind generation
capacity. The eight turbines installed next to the Pennsylvania Turnpike in Somerset County a decade ago have
grown to nearly 500 turbines, with more permitted for construction (AWEA, 2010). Topography is a key factor in
average wind speeds across Pennsylvania, so nearly all turbines have been built on mountain ridgelines or on top
of high elevation plateaus.
Wind energy has become the most symbolic icon of the shift toward a low carbon economy. With no air
emissions or water consumption, it is one of the cleanest renewable energy types. Communities across the state
benefit economically as rural landowners lease their properties, skilled jobs are created to manufacture turbines,
and workers are hired to install and maintain turbines. Wind development has faced controversy in some areas
from neighboring landowners and those worried about impacts to migrating birds and bats. The wind industry,
government agencies, and independent researchers have invested considerable effort in trying to better
understand impacts on birds and bats. For example, 26 wind development companies have signed a cooperative
agreement with the Pennsylvania Game Commission to conduct bird, bat and animal surveys using specified
protocols in proposed development areas. Among other findings have been the discovery of the Pennsylvania’s
second largest Indiana bat maternal colony and a variety of previously undocumented foraging and roosting
locations for the state’s two rarest bats (Indiana and eastern small-footed). Less understood are the potential
habitat impacts of wind development in the northeastern United States. This assessment, therefore, focuses on
impacts to forest and stream habitats and selected species of conservation concern that may be vulnerable to
development of ridgetop habitats.

What is Wind Energy?
Wind mills have powered grain processing and water pumping in agriculture around the world – most famously in
the Netherlands – for centuries. The first modern wind facilities to generate electricity were built in California in
the early 1980s. Rated at less than 0.5 MW capacity per turbine, the towers were only 50 feet tall. These facilities
were poorly designed and generated considerable controversy because they caused significant mortalities to
migrating hawks and eagles. Wind energy development did not expand appreciably until the late 1990s when
newer turbine designs and federal energy incentives stimulated the development of new facilities. These turbines
were rated at 1.0 or 1.5 MW capacity and reached about 200 feet high at the tip of their rotor. Since the power
produced by a wind turbine is proportional to the cube of the blade size and how high in the air it is; turbine size,
height and power ratings have expanded steadily. The largest turbines installed in Pennsylvania are now rated at
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2.5 MW (the average was 1.8 MW in 2009) and reach over 400 feet to the tip of the rotor at the apex of its
rotation.
Location is everything for wind development in the northeastern United States. Unlike the vast windswept plains
in the Midwest and the intermountain West, high wind speeds in the Northeast are primarily confined to mountain
ridgetops, plateau escarpments, and the Atlantic and Great Lake shorelines. Areas that have a wind power class
2
rating of 3 or more (300 watts per m ) are potentially feasible for wind power development. Wind companies will
lease areas that seem to have the most favorable characteristics including wind class, flat pad sites, proximity to
transmission lines, and proximity to existing highways. Before development, a wind development company will
typically place an anemometer tower on potential development sites to improve knowledge about wind power at
the site during a year or longer monitoring period. The turbines are mounted on pads at least 800 feet apart with
an access road between towers. The average size of wind facilities has been growing steadily since the first eight
were established in 2000. The two largest facilities are now between 75 and 100 turbines.
Several steps have been taken to address potential conflicts between wind development and wildlife in
Pennsylvania. The Pennsylvania Game Commission (PGC) has a voluntary agreement in place with most wind
companies active in the state to screen proposed facilities for possible impacts to birds and bats and migratory
pathways. Participating wind companies carry out pre-construction monitoring for birds and bats. If possible
conflicts are identified, PGC works with wind companies to avoid or minimize impacts and to continue monitoring
post construction in some cases. Second, the Pennsylvania Wind and Wildlife Collaborative (PWWC) was
established in 2005 with a state goal to develop a set of “Pennsylvania-specific principles, policies and best
management practices, guidelines and tools to assess risks to habitat and wildlife, and to mitigate for the impact of
that development.” Several studies on wildlife and habitat issues have been commissioned, though guidelines and
Best Management Practices (BMPs) have not been released.

Current and Projected Wind Energy Development
We documented the spatial
foot print for 319 wind
turbines at 12 wind facilities
across the state by
comparing aerial photos
taken before and after
development. Turbine pads,
roads, and other new
clearings were digitized for
all 12 facilities. The ground
excavated for turbines,
Map showing 12 wind
facilities included in the
spatial footprint analysis.
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roads, and associated infrastructure (e.g., clearings for construction staging areas or electrical sub-stations) is the
most obvious spatial impact.
Average Spatial Disturbance for Wind Energy Development
For each turbine site, the
in Forested Context (acres)
area for the turbine pad, new
roads, staging areas, and substations were digitized and
Forest cleared for wind turbine
1.4
measured. Turbine pads
1.9
occupy 1.4 acres on average
Forest cleared for associated infrastructure
0.5
while the associated
(roads, other cleared areas)
infrastructure (roads, staging
areas and substations) takes
Indirect forest impact from new edges
13.4
up 0.5 acres, or a total of 1.9
acres of spatial impact per
TOTAL DIRECT AND INDIRECT IMPACTS
15.3
wind turbine.
As with Marcellus gas
development, adjacent lands can also be impacted even if they are not directly cleared (See p. 9 for a description
of forest edge impacts on forest “interior” species). To assess the potential interior forest habitat impact, we
created a 330 foot buffer into forest patches from new edges created by wind turbine and associated
infrastructure development. For turbine sites developed in forest areas (about 80% of the 319 turbines), an
average area of 13.4 acres of interior forest habitat was lost in addition to the 1.9 acres of directly cleared forest.

We project between 1,250 and 3,400 total wind turbines will be erected in Pennsylvania by 2030.
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The number of wind turbines built in Pennsylvania will certainly expand during the next two decades. Various
factors will drive exactly how many turbines are ultimately built including electricity prices, state and federal
incentives, technological improvements, energy and climate policy, regulatory changes, and social preferences.
Our projections assume economic, policy, and social conditions will remain favorable enough to promote steady
expansion of wind development in the state since we cannot reasonably forecast energy prices, technological
developments, and policy conditions. The key driver in our low scenario is that companies will use wind energy to
meet 70 percent of the current Alternative Energy Portfolio Standard (AEPS) Tier 1 standard (8 percent of electric
generation). This projection indicates an additional 750 turbines (2 MW average) will be added to the 500 turbines
currently operating. The key driver in our medium scenario is that utilities will use wind energy to meet 70 percent
of an expanded AEPS 15% Tier 1 standard, as proposed in recent draft legislation. That scenario would add 1,400
new turbines to those already built. The high scenario used in this assessment is based on the 20% wind power
electric generation scenario used by the National Renewable Energy Laboratory in the Eastern Wind Integration
Study (EWITS). This scenario would require 2,900 additional turbines.
Where are those new turbines in each scenario more and less likely to go? To start, we created a probability
surface by looking at a range of variables that might be relevant to a company’s decision to develop a wind facility
with wind turbines that have already been built. We used the maximum entropy modeling approach used to
develop the Marcellus gas probability surface (see p. 13) and built the model using 580 existing and permitted
wind turbines. Variables that potentially drive wind energy development were chosen based on data availability
2
and included wind power (W/m ), distance to transmission lines, percent slope, distance to roads, and land cover.
An additional 193 existing and permitted wind turbines were used to test the validity of the model’s probability
surface and the model was found to be 95.8% accurate in predicting existing and permitted turbines from
randomly sampled undeveloped areas. The resulting probability map indicates many long, narrow high probability
sites along ridge tops, and several wider areas on high plateaus and along the Lake Erie coastline.
To get a better sense of where wind development is more likely, we searched for the highest probability areas
where wind turbine pads in each scenario might be located. The probability raster was re-sampled to 60 meter
resolution (0.89 acres) to reflect the actual geographic footprint of wind turbines based on aerial photo
assessment. We selected the highest available probability pixel for each scenario and then buffered that pixel by a
minimum separation distance of 800 feet (240 meters – the site distance between turbines) between existing
turbines before selecting the next highest available probability pixel. The highest probable pixels were then
selected until the threshold for each impact scenario was reached (low – 700 turbines; medium – 1,200 turbines;
high – 2,700 turbines). Areas incompatible for wind energy development (existing wind turbines, Wild and Natural
Areas, and water bodies) were excluded from being selected as probable pixels. The highest probable pixels were
then converted into points for map display purposes.
The resulting projected turbine locations occur in strings, groups, and widely scattered single or very small clusters
(2-5) of turbines, mostly in southwest, north central and northeastern parts of Pennsylvania.
Wind turbines, however, are almost always located in clusters rather than widely separated locations for individual
turbines. In order to represent viable wind farms, we selected clusters of pixels with high probability to represent
probable farms based on the results of the model. The following steps were applied to standardize the selection
process:
-

All selected wind facilities had to be anchored by at least 6 projected wind turbine sites selected by the
model
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-

-

Buffers of equaling four times the minimum turbine separation distance of 787 ft (totaling 3,148 ft) were
applied to existing and permitted wind farms were in order to not ‘expand’ operating and soon to be
operating facilities;
Setbacks of 500 ft from the boundaries of state and federal lands were applied to exclude turbine
placement areas adjacent to public land;
Existing homes Areas (as visible in aerial imagery) were buffered by approximately 1,000 ft;
Projected clusters (wind farms) were assigned to the low, medium, or high scenario based on the number
of the assigned wind turbines to that scenario within the cluster.
Solitary and very small clusters of wind turbines were relocated to relatively high probability pixels
adjacent to projected wind turbine clusters of at least 6 turbines (an 800 feet buffer was applied to each
modeled turbine to maintain proper spacing).

The scenarios are cumulative with the high scenario including the wind facilities for both the low and medium
scenarios and the additional turbines needed to meet the high scenario quota.

Map showing existing wind turbines with the probability that a given area will be developed indicated
by color (dark red is high probability; dark blue is low).
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Map showing 1,400 new wind turbines projected by 2030 under the medium development scenario.
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Map showing 750 new wind turbines projected by 2030 under the low development scenario.

Map showing 2,900 new wind turbines projected by 2030 under the high development scenario.
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Map showing medium wind development scenario within Somerset and Bradford counties.

These geographic projections of future wind energy development are spatial representations of possible scenarios.
They are not predictions. We faced several constraints in developing the geographic scenarios:
•
•

We do not have the detailed wind power data that wind companies have developed through anemometer
tower monitoring.
We do not have the detailed location of wind energy leases.

Still, we believe the overall geographic patterns in the projected wind development locations are relatively robust
for several reasons. We used over 500 existing or permitted wind turbines to build the model and nearly 200
additional existing and permitted wind turbine sites were used to validate the model. This is typically a sufficient
sample size for building predictive models. They are also consistent with Black and Veatch (2010) projected
locations for wind facilities under a 15% renewable energy portfolio standard.

Conservation Impacts of Wind Energy Development
What is the overlap of the areas with the highest probability of future wind energy development and those areas
known to have high conservation values? To answer this question, we intersected the projected wind energy
facilities with high conservation value areas. We looked at several examples from four categories of conservation
value, including:
•
•

Forest habitats
Freshwater habitats
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•
•

Species of conservation concern
Outdoor recreation

Areas of overlap between likely future wind development areas and priority conservation areas in Pennsylvania are
substantially less than the conservation area overlap with likely future Marcellus development areas, largely
because the projected foot print will be much smaller.
Forests
A large majority of projected wind turbines are found in forest patches, about 80 percent for each of the scenarios.
The low scenario would see 600 new wind turbines in forest areas. With a cleared forest average of 1.9 acres per
turbine (including roads and other infrastructure), the total forest loss would be a modest 1,140 acres. Indirect
impacts to adjacent forest interior habitats would total an additional 7,920 acres. Forest impacts from the medium
scenario (1,120 projected new turbines in forest locations) would be 2,128 cleared forest acres and an additional
15,840 acres of adjacent forest interior habitat impacts. For the high scenario (2,320 new turbines in forest areas)
4,408 acres would be cleared and an additional 30,624 acres of forest interior habitats would be affected by new
adjacent clearings. On a statewide basis, the projected forest losses and accompanying interior forest habitat
impacts will be minor given the Pennsylvania’s 16 million acres of forest. Locally, these impacts could be
significant for individual large forest patches where wind development takes place.
All forests have conservation value, but large contiguous forest patches are especially valuable because they
sustain wide-ranging forest species, such as northern goshawk, than small patches. They are also more resistant to
the spread of invasive species, can better withstand damage from wind and ice storms, and provide more
ecosystem services – from carbon sequestration to water filtration – than small patches. The Nature Conservancy
and the Western Pennsylvania Conservancy’s Forest Conservation Analysis mapped nearly 25,000 forest patches in
the state greater than 100 acres. Patches at least 1,000 acres in size are about a tenth of the total (2,700). The
medium projected wind development scenarios indicate 73 patches (3%) greater than 1,000 acres in size are
projected to have at least one wind turbine and associated infrastructure. Patches at least 5,000 acres in size are
relatively rare (only 316 patches). The medium wind scenario indicates about 21 (7%) of these patches could be
affected by future wind turbine development. Most affected large patches have multiple projected wind turbines
(as many as 36). Typically, a large patch is split by wind development into two or three smaller patches due the
linear pattern of development. Projected gas well pads, by contrast, are more likely to fragment a large patch into
multiple smaller patches.
Forest interior bird species could be affected by the clearing of forest and adjacent edge effects that wind turbine
nd
facilities create in a forest context. We used data from the 2 Breeding Bird Atlas Project (see p. 20) to assess the
potential impact on forest interior species. The resulting maps show the estimated reduction in habitat for that
species in each high wind development gas probability pixel (including both cleared forest and adjacent edge
effects). Scarlet Tanagers are perhaps the most widespread forest interior nesting bird in the state. Since they are
so widespread, the vast majority of their range in the state is outside of the most likely wind development areas.
Scarlet Tanager populations could decline by an insignificant amount due to habitat losses projected in the
medium scenario. Black-Throated Blue Warblers are more narrowly distributed in Pennsylvania favoring mature
northern hardwood and coniferous forests with a thick understory, frequently in mountain terrain. Likewise,
population declines would also be extremely small for Black-Throated Blue Warblers under the medium scenario.
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Map showing estimated percent loss of habitat for Scarlet Tanagers under the medium wind
scenario.

Map showing estimated percent loss of habitat for Black-Throated Blue Warblers under the
medium wind scenario.
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Freshwater
Wind energy and freshwater habitats are not often thought of in the same context since most wind facilities are
generally in high elevation areas away from rivers and streams. The exceptions are small headwater streams, some
of which may be classified as Exceptional Value watersheds. Our medium scenario projection indicates that 9
percent of future turbine development could be located within ½ mile of an Exceptional Value stream.
Native brook trout are one of the most sensitive species in Pennsylvania watersheds. Brook trout favor cold,
highly-oxygenated water and are unusually sensitive to warmer temperatures, sediments, and contaminants. Once
widely distributed across Pennsylvania, healthy populations have retreated to a shrinking number of small
watersheds. The potential impact on intact brook trout watersheds, however, does increase significantly between
the low to high scenarios. Wind turbines have been built in just five of the intact brook trout watersheds identified
by the Eastern Brook Trout Joint Venture. That number would expand to 13 in the low scenario, 19 in the medium
scenario, and 28 in the high scenario. The presence of wind turbines may pose a limited risk in many of these
watersheds, principally from soil disturbance near headwater streams.

Map showing current number of wind turbines in intact and predicted intact brook trout
watersheds.
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Map showing projected number of wind turbines in intact brook trout watersheds (by
2030) under medium scenario.
Poorly designed or maintained sedimentation measures, especially on road cuts and stream crossings, is the
principal risk to these sensitive populations.
Rare Species
Of the approximately 100,000 species believed to occur in Pennsylvania, just over 1 percent is tracked by The
Pennsylvania Natural Heritage Program (PNHP). These species are rare, declining or otherwise considered to be of
conservation concern. PNHP records indicate that 77 tracked species have populations within pixels that have a
relatively high modeled probability for wind development. Most of these species are commonly found in rocky
outcrops and scrub oak/pitch pine barrens habitats on ridgetops across the state. Only a handful of species,
however, have more than a few occurrences overlapping with the relatively high probability wind development
pixels. For example, the eastern timber rattlesnake (Crotalus horridus) and Allegheny woodrat (Neotoma
magister) are strongly associated with rocky outcrops and talus slopes along or near ridgetops. Six percent of the
rattlesnake’s known rattlesnake breeding/denning sites and three percent of Allegheny woodrat den sites are
located in relatively high wind probability pixels. The den sites are very small sites and do not include foraging
areas. The Pennsylvania Natural Heritage Program has developed core habitat polygons for each Allegheny
woodrat occurrence. Much larger than the den locations, these polygons indicate a much broader overlap – 43
percent – with relatively high probability pixels for wind development. The Northern long-eared Myotis bat (Myotis
septentrionalis) has about eight percent of its known winter hibernation and summer roosting areas overlapping
with relatively high probability wind development pixels. Ridgetop barrens communities in northeastern
Pennsylvania have some of the state’s largest concentrations of rare terrestrial species. The Nature Conservancy
has mapped these communities, and some of these habitats overlap with high wind areas. In general, there
appears to be relatively little overlap between tracked species occurrences in Pennsylvania and likely wind
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development sites. For a handful of species, there is enough overlap to indicate the importance of surveys early in
the project planning stage to identify the presence of rare species and their core habitats.
We have not addressed the potential impact of these scenarios on bird migration patterns and bat foraging
populations. For more information on wind development impacts on bird and bat species, please see links to the
Pennsylvania Game Commission, U.S. Fish and Wildlife Service, American Wind and Wildlife Institute, and Bat
Conservation International.
Recreation
Wind development has not occurred on any state or federal lands in Pennsylvania to date. Since our projections
assume there will not be a significant change in state land leasing policies for wind development, we have not
projected new wind turbines in State Parks, State Forests or State Game Lands. Our projections, however, do
indicate that wind turbines will be located in close proximity (sometimes as close as 500 feet) to many state lands.
They are likely to be highly visible in some heavily visited areas, such as Blue Knob State Park in Bedford County,
where natural landscape vistas are a prime attraction.
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Key Findings
Key findings from the Pennsylvania Energy Impacts Assessment include:
•

Projections of between 750 and 2,900 new wind turbines developed on ridgetops and high plateaus by
2030, depending on the size of the Pennsylvania Alternative Energy Portfolio standard. There are
currently an estimated 500 wind turbines built in the state.

•

Wind turbine facilities are likely to be developed in half of the state’s counties, especially along the
Allegheny front in western Pennsylvania and on high Central Appalachian ridges in central and
northeastern parts of the state;

•

Nearly eighty percent of turbine locations are projected to be in forest areas, with forest clearing
projected to range between 1,140 and 4,400 acres depending on the number of turbines developed. An
additional range of 7,900 to 30,600 acres of forest interior habitat impacts are projected due to new
edges created by turbine pads and roads;

•

On a statewide basis, the projected forest clearing from turbine development is relatively minor, though
some of the state’s largest forest patches (>5,000 acres) could be fragmented into smaller patches by
projected wind turbine development;

•

Impacts on forest interior breeding bird habitats appear to be limited, largely because the overall
footprint for the projected wind turbine facilities is small in comparison to the typical breeding range of
these species in Pennsylvania. The study did not assess impacts to migratory pathways for birds or
foraging bats.

•

Relatively few watersheds ranked as “intact” by the Eastern Brook Trout Joint Venture are affected by
projected wind turbine development. Several intact watersheds, however, could see several dozen wind
turbines. In a number of cases, these small watersheds are projected to see significant Marcellus gas
development as well. Given the cumulative impact of these activities, rigorously designed and monitored
sediment control measures will be needed to protect sensitive brook trout populations.

•

A relatively small handful of rare species occurrences tracked by the Pennsylvania Natural Heritage
Program are found in areas with high probability for wind development. These species tend to be
associated with rocky outcrops and barrens communities typically found on ridge tops, including the
Allegheny wood rat, the eastern timber rattlesnake, and the northern long-eared Myotis bat.

•

Wind development is not projected to occur on Pennsylvania’s public lands. Existing and projected wind
turbines, however, will be close to some of Pennsylvania’s most heavily visited outdoor recreation areas
where scenic natural vistas are a major attraction.
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Additional Information
•

American Wind Energy Association (2010). U.S. Wind Projects Database.
http://www.awea.org/la_usprojects.cfm

•

Black and Veatch (2010) Study for the Community Foundation for the Alleghenies: Assessment of a 15
Percent Pennsylvania Alternative Energy Portfolio Standard: http://www.cfalleghenies.org/pdf/aepss.pdf

•

Federal Aviation Administration (FAA) permits for wind turbines:
https://oeaaa.faa.gov/oeaaa/external/public/publicAction.jsp?action=showCaseDownloadForm

•

Federal Aviation Administration (FAA), Obstruction Evaluation / Airport Airspace Analysis (OE/AAA):
https://oeaaa.faa.gov/oeaaa/external/public/publicAction.jsp?action=showCaseDownloadForm

•

Pennsylvania Wind Farms and Wildlife Collaborative: http://www.dcnr.state.pa.us/wind/index.aspx

•

PA Game Commission (2007) Wind Energy Voluntary Cooperative Agreement and First Annual Report for
the Wind Energy Voluntary Cooperative Agreement:
http://www.portal.state.pa.us/portal/server.pt?open=514&objID=613068&mode=2

•

Pennsylvania Department of Environmental Protection, Chapter 93 Water Quality Standards, Exceptional
Value and High Quality Streams: data downloaded from Pennsylvania Spatial Data Access:
(www.pasda.psu.edu)

•

U.S. Department of Energy TrueWind 80 Meter Wind Resource Maps:
http://www.windpoweringamerica.gov/wind_maps.asp

•

U.S. Fish and Wildlife Service Wind Turbine Advisory Committee:
http://www.fws.gov/habitatconservation/windpower/wind_turbine_advisory_committee.html

•

U.S. Environmental Protection Agency summary of forest fragmentation effects:
http://cfpub.epa.gov/eroe/index.cfm?fuseaction=detail.viewInd&lv=list.listByAlpha&r=219658&subtop=2
10

•

Overview of forest fragmentation impacts on forest interior nesting species:
http://www.state.nj.us/dep/fgw/neomigr.htm

•

Overview of Pennsylvania High Quality and Exceptional Value Streams:
http://www.dcnr.state.pa.us/wlhabitat/aquatic/streamdist.aspx

•

Eastern Brook Trout Joint Venture intact brook trout watersheds:
http://128.118.47.58/EBTJV/ebtjv2.html
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•

Overview of Carnegie Museum of Natural History, Powdermill Nature Reserve, and the Pennsylvania
nd
Game Commission’s 2 Pennsylvania Breeding Bird Atlas Project:
http://www.carnegiemnh.org/powdermill/atlas/2pbba.html

•

Pennsylvania Natural Heritage Program, including lists of globally rare and state endangered and
imperiled species: http://www.naturalheritage.state.pa.us/

•

U.S. Department of Agriculture, Natural Resources Conservation Service, National Agriculture Imagery
Program: http://datagateway.nrcs.usda.gov/GDGOrder.aspx
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Field-Truthing and Monitoring of the Proposed PennEast Pipeline,
FERC Draft EIS, Docket No. CP15-558
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species ID, photo documentation, expertise or their time to help document
habitats along the Penn East Pipeline route.
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Introduction
Delaware Riverkeeper Network (DRN) conducted visual assessments and stream monitoring
along sections of the proposed Penn East pipeline route as part of ground-truthing information
supplied for the Federal Energy and Regulatory (FERC) Draft Environmental Impact Statement
(DEIS) for the proposed Penn East Pipeline project. DRN walked accessible portions of the
pipeline route, focusing on areas where forested habitats, steep slope impacts, and stream and
wetland impacts would occur with a goal to spot check information provided about these
impacts in the FERC DEIS and to determine how well these resources were mapped out in the
field. Spot areas monitored targeted sections of the pipeline route proposed to be located in
Pennsylvania State Gameland (SGL) 168, Appalachian Trail across Blue Mountain, Ted Stiles
Preserve at Baldpate Mountain in New Jersey, and proposed stream crossings of Alexauken
Creek, Wickecheoke Creek and Harihokake Creek, three C1 streams in New Jersey.

Methods
DRN used a combination of Penn East wetland delineation maps and reports (dated Sept 2015
and 3/3/2016), the FERC DEIS (August, 2016), PE alignment sheets Revision D (dated
9/23/2015), and digitized GIS based field mapping tools (Sept., 2015 route and Feb, 2015 route)
to conduct assessments. Photo documentation and habitat assessments were conducted along
areas of the proposed pipeline route. For C1 stream assessments, each stream station was
assessed and selected based on its proximity to an existing Right of Way (ROW) or proposed PE
route, accessibility and property permissions. Calibrated automatic temperature probes
(HOBO) were temporarily installed into the stream water column to document hourly summer
water temperatures from Mid-August to early September. DRN used approved PA DEP
methodologies for probe placement and referenced New Jersey’s Integrated 303 (d) listings and
water quality classifications to select stream locations.i

Mapping Errors, Inadequate and Incomplete Information in DEIS
Flaws in Wetlands Analyses – Avoidance & Minimization Measures not Fully
Considered
3
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According to the FERC DEIS, construction of the PE pipeline would temporarily impact 56 acres
of wetlands (26 acres in Pennsylvania and 30 acres in New Jersey) and permanently impact
about 35 acres of wetlands (17 acres in Pennsylvania and 18 acres in New Jersey). According to
the DEIS, in New Jersey, 17.57 acres of forested or scrub shrub wetlands will be permanently
converted to herbaceous wetland and in Pennsylvania 17.27 acres of forested or scrub shrub
wetlands will be permanently converted to herbaceous wetland. Wetland crossing widths in
Pennsylvania and New Jersey are estimated in the DEIS to be 22,541 ft. and 16,443 ft.,
respectively. Wetland crossings proposed, are mostly proposed to be open cuts and at least
173 wetlands are proposed for open cut methods which are documented to leave long term
and cascading impacts to these sensitive habitats often including but not limited to changes in
hydrology, temperature changes, potential invasive plant colonization, and nutrient changes.ii
The FERC DEIS states that “emergent vegetation regenerates quickly (in wetlands), typically
within one to three years and in scrub shrub and forested wetlands, PE would maintain a 10 foot
wide corridor centered over the pipeline in an herbaceous state and would selectively cut trees
within a 30-foot-wide corridor centered over the pipeline. The remainder of forested and scrubshrub vegetation would be allowed to return to preconstruction conditions and would not be
affected during operation. No permanent fill or loss of wetland area would result from
construction and operation of the Project.” DRN has documented continued and irreversible
impacts to wetlands from pipeline crossings that are sustained beyond this short term view,
especially in forested wetlands where tree regrowth can take decades to recover.iii In light of
deer browse and other impacts to changed soils, trees may never establish as they had prior to
the ROW impact in these forested wetlands. Invasive plant species often move into these
wetlands and impact the wetland ecology long term. iv
These impacts are not fully outlined in the DEIS and the wetland habitats themselves to be
impacted are not all accurately included or represented in the DEIS and have missing
information regarding their features and habitats. While the DEIS states that FERC
acknowledges that not all wetland surveys, especially related to vernal pools, are completed it
recommends that PE, prior to construction, will provide a revised table of impacts on vernal
pools within or near proposed workspaces based on completed surveys.
4
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Upon limited field reviews and alignment sheet reviews by DRN and field reviews provided by
Schmid & Companyv, the characterization of wetland impacts by FERC is erroneous, inadequate
and incomplete. FERC’s rationale and request of updated wetland information being provided
before construction does not allow for thorough and adequate public and technical review.
Given the wealth of inaccuracies and misinformation the Delaware Riverkeeper Network and
experts have documented regarding the wetlands and vernal pools, and/or lack thereof, in
areas where PennEast has fully surveyed and intends to engage in construction, operation and
maintenance activities, demonstrates that third party public vetting of any claimed future data
is necessary. FERC’s rationale that jurisdiction by other agencies will lead to proper mitigation
and restoration is also not based on science and restoration ecological principles and what is
actually observed on the ground.
The DEIS states that there is only one wetland along the PE route with “extremely saturated
soils” and requests PE identify special construction techniques for wetlands as well as
justification of any resulting required additional workspace for crossings of these saturated
wetland soils. It is unclear what FERC means by highlighting this one wetland. By nature, most
wetlands have saturated soils and most wetland crossings identified in the PE alignment sheets
indicate significant temporary work space (TWS) and additional temporary work space (ATWS)
that are often located just adjacent to the waterbody and wetland and that often involve the
cutting of mature trees and compaction of soils adjacent to those wetlands. In some instances
ATWS is proposed to be located in actual wetlands. Avoidance and minimization of these
wetlands are not being fully considered. The DEIS lists 211 wetland and waterbodies that are
proposed to have ATWS impacts within 50 feet of these wetlands and waterbodies (Table G-10)
which is the majority of waterbodies to be cut. PE states and FERC agrees that citing ATWS
within 50 ft of wetlands is justified and allowed for when the following conditions occur: HDD
under roads and interstates, to store excavated material, to cross steep slope and wetlands,
and to cross railroad corridors. Minor and major road crossings alone appear to jeopardize
sensitive wetland habitats in atleast 59 wetlands (Table G-10).
PE is proposing Open Cut trenching for 130 of the wetlands proposed to be crossed. Other
wetlands not cut by open cut are noted in the DEIS as N/A for crossing type – it is unclear what
5
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is meant by N/A – there is no description of that condition in the notes of the table (Table G11). Still a few other wetlands are noted as Bore/Open Cut or Open Cut/HDD. Despite open
cuts making up the majority of the waterbody crossings and despite the exceptions of allowing
ATWS within 50 feet of sensitive wetlands at least in 211 instances, FERC concludes that there is
adequate justification for ATWSs and that there will be minimal harm. FERC’s conclusion is a
false conclusion and avoidance of these sensitive areas was not fully and adequately
investigated.
HDD long borings should be considered and analyzed for feasibility for each and every
waterbody crossing along the route to reduce impacts to sensitive habitats.vi However, in
some instances, HDD entrance and exit points which often require large land clearings and
impacts to soils are proposed by PE to be located in sensitive wetland and forested habitats.
This practice is another indication that avoidance and minimization is not fully being considered
for wetlands and waterbodies and the most technological advanced measures and proper citing
of HDD are not being considered. For example, in Mercer Co. New Jersey, a horizontal
directional drill (HDD) is proposed under Pleasant Valley Rd. and an adjacent stream and
wetland complex (between MP 105.5 and 106.0) (see figure 1). However, in this instance, the
HDD entry point is proposed to be located at MP 105.4 and within a large PEM wetland
complex (1002-PEM and 1001-PEM). According to alignment sheets, that HDD entry point in
the wetland would require temporary work space on either side of the permanent ROW in
addition to a 400’ by 90’ and 400’ by 60’ ATWS on either side of the permanent ROW within the
wetland. It would be less impactful to extend the HDD entry point westward away from the
waterbody or forest to reduce impacts and to encourage longer HDD borings to better avoid
impacts from open cuts.

6
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Figure 1. Penn East Alignment Drawing 000-03-01-212 Revision D. Illustrating an HDD entry work space within a wetland

The exit point for this same proposed HDD section is proposed just adjacent another wetland
complex and just north of and paralleling a stream (see figure 2). The faded aerial overlays
that are provided by Penn East in alignment sheets are unclear but it appears mature trees may
be cut for this HDD exit point. Again, it would be less impactful to extend the HDD to a location
where already impacted land would not be harmed since technology is feasible to drill for
longer segments, thereby reducing impacts. An HDD should be required in this MP area to
minimize harm to the point pleasant wetland and stream complex but the citing for the exit and
entrance points is inappropriate yet it has been deemed acceptable impact by FERC.

7

20160912-5816 FERC PDF (Unofficial) 9/12/2016 2:24:03 PM

Figure 2. Penn East Alignment Drawing 000-03-01-213 Revision D. Illustrating an HDD exit work space adjacent a wetland
and parallel a stream. Mature trees also appear to possibly located in this reach though faded alignments are provided by PE
which make land use determination difficult.

FERC Analysis Flaws, Missing Vernal Pool Habitat Documentation & Incomplete
Cumulative Review of Impacts to Amphibians
FERC’s recommendation in the DEIS that PE provide missing information on vernal pools and
revise its impact tables on vernal pools within or near the proposed workspace before
construction is not protective of these important wetlands types nor adequate for public review
or proper avoidance or minimization of these impacts.
The FERC DEIS states that approximately 0.13 acre of vernal pool habitats would be impacted
by construction of the Project, with 0.11 acre permanently impacted during operation. Based
on the sensitive areas along the 115 mile proposed route, this acreage sounds low. Spot field
checks in short sections of already surveyed areas of the route, make clear that vernal pools
and wetlands have been missed and not accurately depicted by field surveys or the DEIS.
For example, DRN field-truthed and surveyed SGL 168 along MP 52.4 to MP 52.9 on August 28,
2016 after reviewing PE wetland delineation maps (maps not part of the DEIS) and alignment
8
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sheets (Revision D) that showed there were only three vernal pool habitats present in this area
of the route. (072415_JC_1001_VP, 072415_JC_1003_VP, 72415_JC_1002_VP on Figure 3
Sheets 129 and 130, PE wetland delineation map). When DRN assessed and walked this section
of pipeline, it was clear vernal pool habitats were missed even in areas that PE has noted as
being surveyed. DRN documented 12 vernal pools or potential vernal pool complexes and
groundwater seeps and depressions that may serve as habitat along this same area of the
pipeline route (see Figure 3). Table G-11 of the DEIS notes only two vernal pools in this area at
MP 52.4 and MP 52.6 and both are forested yet an open cut (25 feet and 67 feet) is the crossing
type PE is proposing. One stream, an UNT to Indian Creek at 52.4 is documented by PE on Table
G-7. No groundwater seeps or springs have been documented by PE in this area. This is not
protective of the vernal forested pool habitats that obligate and facultative vernal pool species
require and it also does not include or map all vernal pools and groundwater seeps that were
present in this reach of the proposed route. Table G-11 in the FERC EIS and the wetland
delineation maps provided by PE are also not consistent.
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Figure 3: Vernal pools and groundwater seeps along base of Blue Mountain. Note red line
depicts pipeline route with 400 ft. survey area. Herpetologists recommend 1,000 ft buffer of
upland to protect vernal pool species.
This section of the pipeline route is in a stretch of high quality PA State Gameland 168 forest
that has sensitive vernal pool species present since surrounding upland intact mature forest is
present – a much needed component for vernal pool species during times of the year when the
vernal pools are dry. Protecting vernal pools and the surrounding 1,000 feet of upland habitat
is critical for protection of water quality, amphibian breeding, and terrestrial habitat for adult
and juvenile amphibians.vii Residents along Cottonwood Drive that are about 500 feet from the
proposed route and that back up to the SGL property forest, have noted amphibian calls during
the breeding season.
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Furthermore, this area that DRN field truthed was in an area that PE stated they had surveyed.
However during assessment of this route, there were only a few pink flags marked by the PE
surveyors for a short section of the route and no wetland flagging at all was present at vernal
pools located along the proposed route. The pipeline route either intersects or runs adjacent to
these vernal pool areas which would inflict harm to species that rely on these vernal pool
wetlands to breed yet no documentation of these actual surrounding habitats is provided by PE
in the information provided in the DEIS.
Though these photos were taken during the dry season on August 29, 2016, it is evident that
they likely serve as wetland vernal pool areas during the vernal pool season.

Figure 4. Note depression, stained leaves, cardinal flower in bloom and ground indicative of forested vernal
pools
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Figure 5. This depression - another likely seasonal vernal pool habitat not identified in the DEIS or maps.
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Figure 6: note buttressed tree roots, sedges, depression, stained leaves and ground indicative of forested vernal
pools – a third vernal pool that was not positively ID’d in the DEIS or maps.

These omissions and lack of FERC considering upland habitat impacts 1000 feet surrounding
these habitats in the DEIS exemplifies the incomplete assessments that were provided for
wetland and vernal pool features even when they are located in areas as sensitive and
accessible as PA State Gamelands. Given that this area was already surveyed by PennEast, and
is public land that is easily accessible, there is no reason that PennEast, FERC and the DEIS do
not provide thorough and complete surveys and assessments.
Finally, in the early spring of 2016, DRN volunteer monitors documented vernal pools that are
missing from the DEIS. In PA, one DRN volunteer monitor documented a vernal pool near MP
43.5 – 44 by observing wood frog egg masses (a vernal pool obligate species). In NJ, volunteer
monitors documented vernal pools near MP 95 – 95.5 and MP 107 – 109 by observing wood
frog egg masses, wood frog tadpoles, and springtime fairy shrimp (vernal pool obligate species).
13
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Figure 7: Photo of wood frog egg mass (obligate vernal pool species) documented by DRN volunteer on 3/15/16
between MP 43.5 and 44.

Figure 8: Photo of wood frog egg mass (obligate vernal pool species) documented by DRN volunteer on 3/19/16
between MP 95 and 95.5.
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Figure 9: Photo of vernal pool documented by DRN volunteer on 3/19/16 between MP 95 and 95.5.

Figure 10: Photo of wood frog tadpoles (obligate vernal pool species) documented by DRN volunteer on
4/13/16 between MP 107 and 109.
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FERC’s DEIS conclusion that with the time of year restriction during key breeding periods
(March to June) for obligate and facultative amphibian species and restoration construction
practices, that impacts on wetland resources, including vernal pools, would not be effectively
minimized or mitigated. This is a grossly false conclusion. The DEIS does not consider the full
forest impacts and forest upland habitats at least 1,000 feet from the vernal pools that these
amphibians rely on for other times of the year that will be cut down and lost; this analysis does
not include the thermal and likely hydrological impacts that will change these vernal pools
compromising water temperature and flow for breeding amphibians; this does not include the
temperature changes and dry compacted soil conditions and changes to vegetation of a ROW
that will make it near impossible for migrating amphibians to return to their breeding pool post
pipeline construction; this does not include the repetitive pipeline maintenance impacts like
herbicide applications to the ROW and routine cutting and unauthorized ATV use that would
impact amphibians long term creating a new cut along the base of the mountain where there is
currently no existing co-location; this FERC analysis does not even include or require a
thorough mapping of all vernal pools and wetlands and FERC recognizes information is
complete yet gives the green light without full information being provided or mapped; finally
this does not include the climate change impacts that impact vernal pool and wetland species.
Climate Change Impacts Not Included in DEIS for Amphibian Species
The timing of amphibian breeding is largely driven by environmental cues such as temperature
and moisture, and because of this, their breeding phenology may be directly affected by global
warming. Amphibians in regions such as the northeastern United States (where the proposed
PennEast pipeline would be) may be even more susceptible to increases in temperature.
Amphibian species in the northeast spend a large portion of the year inactive, escaping either
cold winters or hot summers. Subtle increases in temperature or moisture trigger them to
emerge from their hibernacula in the spring. Immediately upon emergence, they migrate to
ponds or streams to breed. As average air temperatures increase from climate change,
amphibians will start to emerge and breed earlier in the year. If amphibians breed too early in
the season, they may be more vulnerable to early snowmelt induced floods and early season
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freezes that are usually less common later in the season. Amphibians tricked by the warm
temperatures from climate change may emerge too early and then die when a cold front comes
in.
Amphibians are also affected by extreme weather events associated with climate change,
particularly drought. In addition to requiring water for breeding, amphibians need to keep their
skin moist to avoid drying up in the sun. Rain water, shade from trees, and moist soil are very
important to amphibians. In drought conditions caused by climate change, long periods with no
rain can be detrimental to amphibian populations. These effects are worsened by deforestation
because it eliminates the shade that the trees provide. Shade keeps the soil on the forest floor
moist by blocking the sun’s rays. Many amphibians, particularly salamanders, burrow in this
moist soil in between periods of rain. Without the shade from the canopy and with no rain, this
soil is exposed to full sun exposure and quickly dries up and amphibians become desiccated.
Natural gas pipeline construction involves the clearing of many acres of forest, so this is a prime
example of natural gas infrastructure working hand-in-hand with climate change and
compounding impacts.viii

In addition, local changes in the environment can decrease immune function and lead to
pathogen outbreaks and elevated mortality in amphibians. Conditions can change to become
more favorable for the growth of a pathogen. For example, the chytrid fungus
(Batrachochytrium dendrobatidis) grows best in culture between 6-28 degrees C and dies at 32
degrees C. The chytrid fungus causes an infectious disease in amphibians called
chytridiomycosis which has killed millions of amphibians worldwide and has affected about 30%
of all amphibian species in the world. Climate change may make environmental conditions
more conducive for this disease to spread as well as cause weakened immune systems, making
it more difficult for amphibians to fight off the disease. This disease has been documented in
Pennsylvania and New Jersey which are both home to multiple state listed amphibian species.
Clearly, these amphibian species are at great risk and they would be put at an even greater risk
by the combined impacts of climate change and the construction of the PennEast pipeline.

Lack of Field Surveys and Protection of Sensitive Waterbodies and Wetlands
17
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According to the DEIS, construction of the Project would require 210 wetland crossings, 106 in
Pennsylvania and 104 in New Jersey. Based on the information provided by PennEast the
Project would impact a total of 56 acres of wetlands during construction, of which about 26
acres would be in Pennsylvania and 30 in New Jersey (see table 4.4.2-1 in section 4.4.2). But
this analysis is based on incomplete information and incomplete field surveys and little data.

The FERC DEIS inadequately relies on remote sensed data even in the case of sensitive wetlands
habitat. Again, this means that the information provided is not complete yet the public is made
to comment on incomplete information and FERC has conducted its cumulative impact
conclusions based on incomplete data. The DEIS states that in New Jersey 73 wetland locations
were based on estimated acreages from the NJDEP GeoWeb database. PennEast classified
wetlands in Pennsylvania (see appendix G-11) using information from the NWI mapping
database (FWS 2009) for about 19 miles (23 percent) of the pipeline. FERC’s recommendation
that PE file prior to construction with FERC a complete wetland delineation report for the entire
project that includes all wetlands delineated in accordance with the USACE and the applicable
state agency requirements is not protective enough nor does it give the public adequate time
to field verify information.
Independent wetland delineation experts indicated during field truthing of wetlands that
occurred by them along the PE route in Pennsylvania the following: “The boundaries of
wetlands were reported to have been fieldmarked with surveyor's tape, and the flagged
boundaries recorded with a handheld GPS unit. In our experience, such flagging typically persists
in the field for several years at least, although pieces of some flags may become torn or lost and
some markings may become illegible over time as a result of wind, rain, and general exposure to
the elements. Upon field inspection during May 2016, the location of the proposed pipeline
centerline, the pipeline corridor, and wetlands and streams within the pipeline corridor in
general were found to be very poorly marked. We did not encounter a single wetland with
delineation flags completely outlining it. At most we saw isolated, unnumbered pink flags preprinted with "Wetland Delineation", or isolated numbered (or unnumbered) flags that did not
connect in sequence with other numbered (or unnumbered) flags. Thus it was not possible to
18
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confirm with any precision in the field the accuracy of the wetlands depicted on the applicant's
drawings”.ix DRN observed this same spotty and often completely missing flagging or nonexistent flagging along the pipeline routes that were assessed – even in areas where PE stated
the route had been surveyed. When we did observe flagging, it looked relatively new, like here
in the case on SGL 168 yet there were very little flags present along the route and flagging was
only in proximity to an easy access point.

Figure 11: Two of approx. 8 pink survey flags noting the pipeline center route along an area marked as “surveyed
by PE” on SGL 168. Note flagging looks new so it is unusual that not more flagging is present throughout the SGL
proposed route. None of the wetlands or vernal pool areas were flagged. On the top of Blue Mountain only 4 new
pink flags were noted while no flagging was present along the steep slope away from the Appalachian Trail. Photo
taken August 29, 2016.

Exceptional Value Wetlands in Pennsylvania Not Adequately Documented in DEIS
Schmid expert reports highlight discrepancies and errors related to EV wetland protection for
PE resource reports and subsequent EIS. Exceptional Value Wetlands in Pennsylvania exhibit
one or more of the following characteristics:
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(i) Wetlands which serve as habitat for fauna or flora listed as “threatened” or
“endangered under the Endangered Species Act of 1973
(ii) Wetlands that are hydrologically connected to or located within 1/2- mile of
wetlands identified that maintain the habitat of the threatened or endangered species
(iii) Wetlands that are located in or along the floodplain of the reach of a wild trout
stream or waters listed as exceptional value under Chapter 93 (relating to water
quality standards) and the floodplain of streams tributary thereto, or wetlands
within the corridor of a watercourse or body of water that has been designated as
a National wild or scenic river in accordance with the Wild and Scenic Rivers Act
of 1968 (16 U.S.C.A. §§ 1271-1287) or designated as wild or scenic under the
Pennsylvania Scenic Rivers Act (32 P.S. §§ 820.21-820.29).
(iv) Wetlands located along an existing public or private drinking water supply,
including both surface water and groundwater sources, that maintain the quality or
quantity of the drinking water supply.
(v) Wetlands located in areas designated by the Department as “natural” or “wild”
areas within State forest or park lands, wetlands located in areas designated as
Federal wilderness areas under the Wilderness Act (16 U.S.C.A. §§ 1131-1136)
or the Federal Eastern Wilderness Act of 1975 (16 U.S.C.A. § 1132) or wetlands
located in areas designated as National natural landmarks by the Secretary of the
Interior under the Historic Sites Act of 1935 (16 U.S.C.A. §§ 461-467).

The DEIS indicates an abundance of Wild Trout Waters in Pennsylvania to be crossed by the
pipeline. The Penn East lists at least 131 Wild Trout Waters in Pennsylvania to be cut across by
the pipeline (Table G-5). Pennsylvania Fish and Boat Commission has been conducting
frequent and regular additions to its Class A and Wild Trout Waters designations in recent years
and every few months; its important those newer classifications are reflected in the DEIS and
updated.xxi It is unclear from the table if all of these newer designations are included by
PennEast and it would be a good recommendation that FERC require this review by PennEast
and included updates as a requirement. Wetlands that are hydrologically connected to
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Exceptional Value Waters and/or Wild Trout Waters and their tributaries are considered
Exceptional Value (EV) Wetlands. Private drinking water supplies are also to be protected as EV
wetlands as are wetlands that are home to threatened and endangered species. The DEIS does
not make it possible nor does it appear to include wetland designations for each of the
wetlands to be crossed (Table G-11). The DEIS also recognizes that private water supplies are
not yet mapped, which means that wetlands associated with these water supplies are not yet
fully analyzed under Pennsylvania requirements for EV wetlands. The DEIS mentions EV
protections but provides no break out wetland by wetland of the characteristics and
designations for each to adequately provide the detail needed to assess the impact to each of
the many wetlands and waterbodies to be crossed. The DEIS also does not have tables or cross
referenced documentation to depict each of the wetlands that are hydrologically connected or
located within ½ mile of wetlands that maintain habitat of threatened or endangered species
within the wetland. These are large omissions and failures of the DEIS.

Inadequate Documentation and Incomplete Current Mapping and Monitoring of
Sensitive Waterbodies
On July 30, 2016, DRN field-truthed a short section of the proposed PE pipeline corridor along
Ted Stiles Preserve at Baldpate Mountain in Hopewell Township, New Jersey (MP 107.2 to MP
106.8). DRN walked west from the Baldpate parking area about a half mile just south of the
existing electrical ROW.
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Figure 12: DRN walked west from the Access Pleasant valley road parking area on July 30, 2016 and
documented within 0.5 miles one obvious intermittent stream missing from PE wetland and alignment sheet
maps. Shagbark hickories and other important mature trees that provide refuge for bat species were
documented. Invasive plants were documented along existing JCP&L ROW that would be exacerbated and
spread with a new ROW.

This Mercer County Public Park has over 12 miles of marked trails for hiking, horseback riding,
mountain biking, and trail running. According to the DEIS and PE alignment sheets, this area had
been surveyed by PE. No flagging was observed during ground-truthing for the pipeline center
line, or any of the wetlands or streams along the proposed pipeline route we encountered as
late as July 30, 2016. An intermittent stream was not delineated on the PE alignment sheets
nor was there flagging present to note this water feature despite the fact that the stream is
delineated on state freshwater mapping layers available to the public. Table G-6 in the DEIS
also does not list this stream as a waterbody to be cut.
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Figure 13. Approx. location of the intermittent stream within proposed ROW corridor on Ted Stiles Preserve at
Baldpate Mountain not mapped by Penn East
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Figure 14. Intermittent stream and wetland documented along pipeline corridor, Baldpate Mountain that is not
mapped on PE alignment sheets or Table G-6 in the DEIS despite this being public land. MP 106.8 (photo taken
facing away from existing ROW)

Figure 15. Intermittent stream undocumented in the DEIS mapping and Table G-6 that DRN documented along
the pipeline corridor. Note abundance of invasive Japanese stiltgrass encroaching and advancing into the
mature forest spreading inland into the forest from the existing ROW. Photo taken facing the existing ROW.
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The DEIS Table 4.31-5 notes only 4 groundwater seeps in Pennsylvania and only one
groundwater seep in New Jersey. This number of seeps along the entire Penn East pipeline
route is not complete in light of DRN documenting missing water features along all areas that
we assessed. The DEIS states surveys are not yet complete meaning again, the public is
reviewing incomplete information and FERCs analysis of no significant environmental harm is
based on incomplete habitat information. On September 7, 2016 DRN conducted field visits and
documented two groundwater seeps, critical sources for aquatic life during the critical hot and
dry summer months when the associated intermittent streams can run dry (which was the case
this year). Often these groundwater seeps and interfaces within the streams are critical
remaining habitat for fish, amphibians, and macroinvertebrates working to survive these dry
conditions by congregating in these wet and colder areas that remain in what otherwise would
be largely a dry stream bed. The two groundwater seeps that DRN documented were located
in areas where PE proposes to build its pipeline. An open cut could change the hydrology of
these sensitive and important features. Furthermore, these seeps and interfaces with
groundwater assist in cooling stream temperature throughout the year. An expert
groundwater hydrologist has recommended that the DEIS should include a complete inventory
of springs and seeps within a quarter mile of the pipeline to adequately consider the changes
which could occur due to pipeline construction rather than limiting it to just 150 ft. within the
construction workspace that is currently proposed by FERC.xii Vernal pools and wetlands are
often interfaced with groundwater and hydrologically connected and we illustrated missing
vernal pool habitats in the DEIS above. Streams also have these groundwater interfaces which
are important refuge habitat and a source of scarce water during droughts conditions which are
becoming more exacerbated due to climate change and poor stormwater management
practices. These groundwater interfaces and springs are especially important to some of our
headwater and intermittent streams that are usually proposed for open cuts by PE.
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Summer Streams Temperatures of Plum Creek,
(UNT) to Wickecheoke Creek
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Figure 16: Stream temperatures for UNT to Wickecheoke Creek (Plum Creek) (MP 95.1)

The temperatures observed in Plum Creek, an UNT to Wickecheoke Creek, a C1 stream (FW2NTC1) in New Jersey (located at MP 95.1) indicates conditions that groundwater seepage is
assisting to help sustain and cool this important C1 tributary. This area of the stream is in the
very headwaters and upstream of a large pond that eventually continues downstream to feed
the Wickecheoke Creek. The temperatures range from 61.6°F to 74.0°F, with a mean of 68.7°F.
The conductivity of Plum Creek on 9/7/2016 was 270 uS/cm and on In addition this stream, is
currently private and preserved farmland and native plant meadows with a healthy forested
riparian buffer along the stream. The PE is proposing to cut down mature trees and cut across
this stream using a dry crossing and the construction period is estimated to be July 16 –
September 30. However, if the proposed pipeline ROW crosses the stream at this location, it
would impact and likely alter groundwater flows. Furthermore, Table G-6 in the DEIS lists 10
pipeline cuts across the Wickecheoke watershed proposed just for the Penn East pipeline alone.
Most cuts are proposed to be dry crossings conducted 7/1 to 9/30 or 6/16 to 9/30 with the
exception of one bore at MP 96.8. Table G-8 at MP 95.3 lists a waterbody as UNK. Despite
multiple cuts across these watersheds, FERC fails to require any other measures to ensure
cumulative impacts for these cuts is adequately monitored or considered on a sub-watershed
or a larger watershed context.
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Figure 17. Photo of one of the few remaining pools and groundwater sources sustaining Plum Creek, an UNT to
Wickecheoke Creek that was largely dry in early September, 2016. Photo taken Sept 7, 2016.

DRN monitored stream temperature and conducted site visits to an UNT to Harihokake Creek
that is proposed to be cut near MP 85.4 in Milford, NJ. This habitat is comprised of a sensitive
stream and wetland complex that is now located along a deviation of the PE route so no
updated alignment sheets were provided by PE in the DEIS in this case at this time. Harihokake
Creek is a FW2-TMC1 (trout maintenance) stream in New Jersey. This UNT and wetland
complex appears to be intermittent in flow especially in late summer so the pools and wetland
pockets of groundwater fed areas that remain during these drought conditions, are critical
areas and refuges for aquatic life and animals. This diverse wetland and stream complex is of
high quality wetland habitat with abundant native plant species and wetland types. The DEIS
lists this wetland complex as PFO, PSS, and PEM and there is no existing gas ROW cutting across
this wetland at this time.
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The crossing lengths identified by PE appear inaccurate and photos below indicate more
disturbance of PFO depending on the alignment. The DEIS lists for this wetland complex the
PFO is only 1 ft., the PSS 227 ft., and the PEM 79 ft. With some mature trees being present in
the wetland, a 1 foot PFO estimate does not adequately account for the large trees likely to be
cut. But no alignment sheets are updated for this deviation of the pipeline route in the DEIS
plus alignment sheets included do not have MPs delineated like earlier versions which makes it
difficult to cross reference waterbody crossings with MPs in the field esp. since so much of the
areas have not been flagged by PE in the field. Without updated alignments sheets which FERC
states only need be provided before construction, field visits and independent reviews cannot
easily be provided by the public for a thorough review of ATWS or TWS which may be included
at this crossing. Landowners on deviations also do not appear to have access to the alignment
sheets at this time either. This inadequacy of mapping in the draft EIS is a gross omission by
FERC. The map below is from the wetland delineation report for this wetland and stream (MP
85.3 to MP 85.4) which does not provide detailed construction plans as the alignments do
(these maps were obtained from the DRBC website not the DEIS). Note the unsurveyed field
parcels here by PE (red hatch). These delineation maps were not part of the DEIS volumes
provided by FERC which indicates another missing piece and data source that is not readily
accessible nor made available at all to the public and community reviewing the DEIS.
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Figure 18: Wetland delineation maps not part of DEIS package

Some of the native plant species in the wetland or shading the wetland observed (not all
identified here) include cattail, sensitive fern, wool grass, bull rush, golden rod, jewelweed,
deer tongue, and ironweed. Mature trees and shrubs within the wetland or shading the
wetland and along the streambank that would be cut include: red maple, willow, oak, dog
wood, and witch hazel. Invasives present include Japanese stiltgrass and phragmites. The
landowner has conducted several invasive species removals over the years in this wetland area
– mostly targeting multiflora rose removals to ensure native plants reside in this important
wetland. In the spring the wetland teams with amphibians and frog choruses are abundant
according to the landowner.
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Figure 19. Wetland and stream complex that could be cut by PennEast pipeline around MP 85.3-84.4. The
crossing widths (1 ft.) PE provides per wetland type especially related to PFO do not appear comprehensive from
observations in the field. Photo taken August 12, 2016.
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Figure 20. Wetland and stream complex that could be cut by PennEast pipeline around MP 85.3-84.4. The
crossing widths (1 ft.) PE provides per wetland type especially related to PFO do not appear comprehensive from
observations in the field. Shade from mature trees just outside the wetland would also likely be cut. Photo
taken August 12, 2016.
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Figure 21: Temperature Data from UNT to Harihokake Creek that flows through wetland complex

The summer stream temperatures collected from this station on the UNT and wetland are
indicative of good water quality, ranging from 59.5°F to 79.0°F, with a mean of 69.4°F. The
conductivity of the stream on 8/12/16 was 371 uS/cm. From Aug 27 to Sept 7, 2016 the stream
was dry and the HOBO probe was taking air temps as a result (air temps. removed from graph
above). These dry conditions indicate the very sensitive nature of these headwater streams
and wetland complexes PE proposes to cross. The proposed ROW would cut across this
wetland and stream complex bringing with it cascading and long term impacts that would
impact stream and wetland temperatures and reduce shading and habitat that is currently
present in this wetland complex. The proposed ROW would cross the Harihokake and its
tributaries at 7 different locations (MP 85.4, 85.6, 85.8, 85.9, 86, 86.3, 86.7), which poses a
threat to this watershed individually and cumulatively. Again, FERC has not assessed the
cumulative impact of all of these cuts across watersheds, FERC has not required in situ
information or stream water quality conditions to be collected by PE, FERC has not required
updated alignment sheets and maps – all gross errors and omissions in the DEIS.
C-1 streams like this one in New Jersey also appear to receive limited protection from FERC
even though C-1 is a special stream designation in New Jersey. FERC states that before the end
of the DEIS period PennEast must file and identify any special construction procedures that
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would be implemented to minimize impacts on C-1 streams. It is unclear if this filing has been
done. FERC also states that there should be consultation with appropriate federal and state
agencies regarding C-1 streams, including identification of any agency recommendations and
PennEast’s responses. However examining other ROW cuts in C1 watersheds, it appears this is
a flawed conclusion since C1 streams have suffered sustained and prolonged impacts that are
not temporary in nature (see section on Alexauken Creek below).

Alexauken Stream Temps and Example of Cumulative Impacts Not Monitored or
Considered in DEIS
DRN deployed HOBO automatic temperature probes in several C1 watersheds in New Jersey in
August, 2016. Locations were selected based on the proximity to the Penn East pipeline route
and where we could get access on private lands. The data clearly show long term cascading
impacts to streams where existing ROWs cut across these streams. FERC’s point that with
agency review the CEQ regulations under NEPA will be fulfilled is a false statement. Even with
all mitigation measures in place or deemed complete by the agencies on other ROW projects,
the data show stream impacts persist. The locations of the HOBO probes can be seen in purple,
in Figure 1 below. In addition, a 400-foot buffer zone (200 feet on either side of the proposed
ROW) of the proposed pipeline can also be seen on the figure in red.
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Figure22: HOBO Probe Locations along C-1 streams in New Jersey
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The Alexauken Creek has two temperature logging stations collecting hourly temperatures. The
station located in the existing restored electrical utility ROW and the existing restored gas
pipeline corridor indicates higher temperature readings during critical summer months when
aquatic life often become impaired when compared to a reference location located upstream
along the Alexuaken Creek. On the other hand, the downstream station located away from
ROW impacts, shows a much lower healthier habitat for aquatic life. Temperatures from both
these stations can be seen in the Figures below.

Alexauken Creek - ROW
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Figure 23: Temperature data for Alexauken Creek, by ROW

Alexauken Creek - Downstream
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Figure 24: Temperature data for Alexauken Creek, away from ROW impacts
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The data from the ROW logging station on the Alexauken show daily fluctuation. The
temperatures range from 63.7 °F to 85.9 °F, with a mean of 73.7 °F. Whereas, the data collected
from the other non-ROW station show much less fluctuations in temperature. For this station,
the temperatures ranged from 66.4 °F to 78.5 °F, with a mean of 72.7 °F. Aquatic species
generally have a preferred temperature range, and thrive in more stable temperature
conditions. A ROW close to a waterbody means that air temperature would affect water
temperature more rapidly. These rapidly fluctuating temperatures can wreak havoc on aquatic
life. In comparison, a water body away from ROW and surrounded by forested land, would not
be affected by air temperature as much, since the forest would act as a buffer to regulate water
temperature. These trends can be clearly seen in the data collected for Alexauken Creek. The
station by the ROW not only had a higher mean temperature, a much higher maximum
temperature than the other station.
Warmer water holds a lesser amount of Dissolved Oxygen (DO). DO is essential for the
sustenance of aquatic life. It should also be noted that algae growth is very abundant in the
ROW corridor. Algae blooms are indicative of higher temperatures, and make living conditions
tough for other aquatic life. As algae die out and decay, they rob DO in water, available to other
aquatic life species (see photo below).
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Figure 25: Abundant algae growth in Alexuaken Creek, a C1 stream in New Jersey growing in an
existing gas ROW

Alexauken Creek is classified as a trout maintenance stream (FW2-TMC1). According to N.J.A.C.
7:9B-1.14(d), the temperature for this stream shall not exceed 25°C (77°C). The temperatures
from Alexauken Creek certainly exceeded this standard, which shows that the stream is already
impacted (it is an impaired waterbody). With the proposed pipeline ROW, right along these
stations (as seen in Figure 1), the degree of impact will be greater, which can prove fatal to the
local ecosystem. The proposed PE pipeline would cross the Alexauken and its tributaries 7
times, which poses a threat to the already impacted stream. In a December 2010 report, by
Princeton Hydro (in collaboration with the Delaware Riverkeeper Network), Alexauken Creek
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was found to be impacted for temperature and nutrients. This report presents a protection plan
for the Alexauken Creek watershed, in order to maintain its classification. Even with this
protection plan in place and a TMDL plan, the temperature data shows that the watershed is
still struggling. An additional 7 ROW crossings in the creek and its tributaries will present a
major threat to the already struggling watershed.
A third temperature logging station was located along an unnamed tributary of Alexauken
Creek. This station was located southeast of the downstream Alexauken Creek station. The
probe was installed on August 23, 2016. However, on August 28 the unnamed tributary ran
dry. During the 5 days the probe was in the water, the temperatures ranged from 63.9°F to
73.0°F, with a mean of 67.0°F. This small tributary is just one of many intermittent streams that
are along the proposed PE pipeline ROW. This UNT tributary alone is proposed to be crossed 3
times by the pipeline, which would cause serious harm to an already stressed system and
watershed. A picture of the dry streambed observed on Sept 7 below is provided and again
these streams that have groundwater seeps within the ROW will be disrupted if another cut is
allowed.
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Figure 26: UNT to Alexuaken Creek be cut by PE pipeline. Low flows and drought conditions already cause harm
to these sensitive streams. A groundwater seep remains in this tributary just upstream where aquatic life and
fish are congregating and it is located directly in the path of the proposed ROW which could alter groundwater
flow – a key survival need during low flow times and summer months for this tributary.

According to the National Weather Service, precipitation in the Alexauken Creek Watershed
area was 5.6 inches below average. This is the probable cause for the dry unnamed tributary to
Alexauken Creek. The lower than average rainfall is a result of extensive development in the
area. It goes without saying that a dry stream is not good for aquatic life. An added right of way
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would decrease transpiration from local vegetation, leading to an even lesser amount of rainfall
in the area. The impacts of existing rights of way (such as utilities, roads, etc.) are already visible
in the form of dry streams, and would worsen with an addition pipeline ROW. Thus, it would
not only affect aquatic life directly (in the form of higher temperatures), but would also have
longer term impacts such as dry streams.

Figure 27: Remaining groundwater seep in the dry UNT to Alexauken Creek. Note dead fish. Over 100 small fish
were located in this pool which is directly in the route of the proposed PE pipeline.

Additional Forest Fragmentation Not Fully Considered in the DEIS
This map below based on April alignment sheets helps illustrate the additional forest
fragmentation impacts that are being proposed for a public preserve that has some of the last
remaining forest in the region and that already has an existing ROW. The DEIS states that
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colocation is less impactful but this is not what the maps document since in the gas line would
run adjacent to the existing ROW cutting through new habitat in the Ted Stiles Preserve on
Baldpate mountain instead of being built within the current ROW footprint which means more
habitat disturbed, trees cut, and an extension of forest fragmentation further into the woods
(in the instance above).

Figure 28: April 2016 Map showing increased fragmentation proposed by PE ROW

DEIS has Inappropriate Practices Proposed for Steep Slopes, Sensitive Soils, Important and
Unique Reptile Habitat and National Significant Trail Systems
DRN surveyed sections of the pipeline route that would cut through State Gameland (SGL) 168
on August 28 and 29, 2016. Homeowners along N. Cottonwood Drive provided access from the
base of the mountain and the pipeline was accessed to the north from the Appalachian Trail
(AT) and Blue Mountain Trail Road. DRN walked the AT and the pipeline path from about MP
51.1 MP to 51.6. This stretch of the Blue Mountain was dominated by steep slopes, glacial thin
soils and abundant outcroppings and boulder fields indicative of ideal timber rattlesnake
habitat. Due to the geology, blasting would likely be required (see section on blasting). And
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there would be very high likelihood of erosion and increased stormwater runoff from tree
removal.xiii

Figure 29: Outcropping and optimum rattlesnake and copperhead habitat along the AT and approx. 25 feet from
the proposed ROW. Steep slopes and glacial soils with thin top soils and mature forest dominate this area.
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Figure 30. Outcropping and outlook along Appalachian Trail, about 25 feet from the proposed pipeline route.
Photo taken facing towards the top of the ridge, white pines in right side of the frame are within the proposed
ROW and would be cut.

This area of SGL 168 and the AT is pristine for the region and includes sensitive glacial soils and
features, steep slopes, and areas with shallow bedrock. These areas, the DEIS states will likely
require blasting due to shallow bedrock conditions. Along the steep slope down the Blue
Mountain where the pipeline would cut, boulder areas dominate the slope.
Currently the area surveyed on SGL is dominated by native vegetation, mature forest and
optimal rattlesnake habitat with sensitive vernal pools and groundwater interfaces present at
the base of the mountain. Some of the plant species noted and identified within the proposed
ROW include: Mature canopy trees and seedlings: eastern hemlock (indicative of thin glacial
soils), white pine, green ash, chestnut oak, red oak, white oak, American beech, red maple,
catalpa, shagbark hickory (ideal bat habitat), and birch species.
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Midstory layer: sassafras, witch hazel, spicebush, maple leaf viburnum, striped maple, and low
bush blueberry Groundcover: indian pipe, greenbriar, wood aster, shining clubmoss (Huperzia
lucidula), raspberry, cut-leaved grape fern (Botrychium dissectum), Virginia creeper,
wintergreen, hay-scented fern, unknown fern sp., Christmas fern, and cardinal flower. All of
these diverse layers in the forest help filter rainwater and slow stormwater on steep slopes and
all of these layers of this mature forest are proposed to be cut by the pipeline which will lead to
significant stormwater runoff without these plant communities present. The Meliora report
provides more detail on stormwater impacts anticipated. Invasive plants are minimal and
absent in a majority of this area of SGL 168 but currently most noted along old logging roads
entering SGL’s from Cottonwood Rd area. Japanese stiltgrass has colonized many of the old
linear logging roads between MP 52.4 to 52.5. Japanese barberry is colonized in sections of the
steep slope areas but currently at a low infestation rate. This is a clear example of how road
ROWs , and a future pipeline will spread these invasive plants that are beginning to take hold
on these state lands along edges. The DEIS does not currently include an Invasive Species
Management Plan by PennEast and FERC requests that one be developed but again, without
having this information as part of a complete DEIS, the public is made to comment on an
incomplete analysis of the harm.

Vernal pools located at the foot of mountains, like the ones observed and described earlier in
this report, likely fill with groundwater so there are also groundwater seeps in this reach of the
pipeline route that are not mapped in the DEIS section related to groundwater seeps. A pool
located on a slope may actually receive groundwater on the upslope side and discharge it to the
water table on the downslope side.xiv DRN has documented severe changes to a similar lateral
hillside cut along a base of a smaller mountain but steep slope on another pipeline in Pike
County, PA so likely similar changes would occur here since most standards and E&S control
measures would be similar.xv
Disregard for Siting Pipeline in Existing ROW or Impacted Developed Areas
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Blue Mt Ski area is highly impacted with massive cuts for ski slopes yet the pipeline proposed
near the ski center would add an additional cut rather than utilize one of the current clear cut
paths. There is an existing Buckeye oil pipeline present about <0.5 miles from the proposed
new greenfield PE route that would be closer to the Blue Mountain Ski area and that already
cuts across the steep slope and the Appalachian Trail (AT). It is unclear why co-location is not
being considered here within the existing oil pipeline route or on an existing ski slope since the
resort plans to use the gas especially with such sensitive habitat, steep slopes, and cultural
impacts in jeopardy. This harm would be significant and the DEIS conclusion that it would not is
incorrect. The information in the DEIS related to reviewing alternate routes and co-location
also does not provide all information for reviewers to understand the full analysis done or not
done for alternate routes. PE notes that 44 miles of the pipeline route (37%) would be located
adjacent to existing ROWs but full analysis of this is not provided.

Temperature Impacts and Forest Fragmentation Calculations Not Fully
Examined
DRN conducted a snapshot temperature study along the existing Buckeye oil gas transmission
ROW that is west of the proposed Penn East ROW. DRN used a Lamotte calibrated
thermometer to record air temperatures at four locations on or adjacent the existing pipeline
route. It is logical to assume that much of the long term impacts on the Buckeye Route in this
reach on Blue Mountain would be similar impacts for the proposed PE route.
Sensitive glacial soils, extreme compaction, continued and repeated ATV traffic and pipeline
maintenance, lack of diverse growth, bare soils, and thermal heat and fragmentation impacts to
the ROW and within the mature forest paralleling the Buckeye ROW were observed.
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Figure 31. Locations of temperature readings taken on existing Buckeye ROW and from distances away from
ROW to illustrate forest fragmentation and thermal impacts. Note Blue Mountain Ski area also to the right
frame of the photo.

Figure 32: Air Temperatures Documented on August 28, 2016 by Delaware Riverkeeper
Network in Proximity to an Existing Gas Pipeline
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DRN recorded extreme temperatures on the existing ROW and temperature impacts that
continued into the forest and away from the ROW for over 615 feet. These forest impacts are
also cited in the literature and expert reports submitted authored by Kevin Heatley. The
distance an edge effect extends into a forest/woodland is variable, but most studies point to at
least 300 feet (Rodewald 2001; Ontario Ministry of Natural Resources 2000; Robbins 1988;
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Rosenberg et al. 1999). It would appear from this snapshot of air temperatures above that
localized impacts from a ROW on this mountain may have more interior impacts.
The DEIS does not consider these cumulative impacts and severe forest fragmentation impacts.
The DEIS does not include data like this nor require it to determine actual impacts on the
ground.
Blasting Impacts Inappropriate and Unacceptable in DEIS And Steep Slopes To be Cut Near
Waterbodies Will Cause Significant Harm
The DEIS states 69% of Hunterdon Co, 35% of Northampton Co., 23% of Mercer Co., 25% of
Luzerne Co., and 28% of Carbon County will require likely blasting to blast through shallow
bedrock (page 4-13). In these steep slopes with sensitive glacial soils and thin top soils of the
Blue Mountain, pipeline cuts and blasting would drastically change the character and
environmental functions of this region. Blasting on steep slopes can also increase the risk of
sediment pollution events and blowouts into nearby streams. The Myers and Meliora report
submitted with DRN comment lay out more science on these impacts. At least 43 waterbody
crossings have steep slopes that would be cut by the pipeline. These 43 crossings are proposed
to have additional temporary work spaces (ATWS) within 50 ft. of sensitive water features,
adding to the potential erosion threats to these steep banks, cuts to mature forest, and the
nearby sensitive streams where sediment pollution can cause long term harm.
FERC does recommend that PE not use forested areas to place pipe yards (which is still being
proposed in the DEIS) but this recommendation needs to be expanded greatly to minimize any
areas where mature forest or trees would be cut for temporary placement or workspaces.
Cutting mature trees for ATWS and TWS is not temporary in nature.
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Threatened and Vulnerable Species Impacts Not Fully Documented

Figure 33. Shagbark hickory and bat habitat along Baldpate Mountain PE proposed route. Shagbark also evident
in SGL 168

Missing sections to protect the timber rattlesnake and copperheads
ON August 29, 2016, DRN assessed the pipeline path from the base of SGL 168 from MP 52.9
walking westward to MP 52.5. The DEIS states that timber rattlesnake (Crotalus horridus)
thrives in deciduous forest habitat with at least 70 percent canopy cover, rocky hillsides, and
outcrops for use as hibernacula and exposed rocks for basking (PFBC 2011b) and it lists Luzerne,
Carbon and Northampton PA as habitat for these snakes. The DEIS states Phase 1 surveys were
completed between MP 10.5 to 10.7, 11.1 to 11.6, 12.9 to 13.1, 14.1 to 16.9, 22.5 to 23.1, 23.7
to 24.1, 29.3 to 29.5, 30.1 to 30.7, 32.9 to 33.3, 37.9 to 40.6, and 51.1 to 51.6. Phase 2 surveys
are ongoing. The timber rattlesnake is listed as a candidate species by Pennsylvania and as an
endangered species by New Jersey. The DEIS states that PennEast conducted presence/absence
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and/or habitat surveys for this species in the summer of 2015. These surveys were conducted by
a qualified herpetologist in potential habitat areas designated by the PFBC. Suitable habitat for
this species was identified within the Project area and one timber rattlesnake was observed
within the Project area in Pennsylvania during wetland field surveys in 2015. For areas that were
identified as potential habitat, PennEast has committed to following the PFBC recommendations
to minimize impacts on this species: which include spring presence surveys, avoiding the habitat
during construction, and the restoration of gestation habitat following PFBC guidelines (PFBC
2010). PennEast has also committed to avoiding denning habitat identified near MP 39.2 and
adhering to a 300 foot no disturbance buffer around these dens, as well as the use of
rattlesnake monitor on-site during construction in suitable habitats between April 15 and
October 15. We recommend that PennEast continue to consult with the PFBC as needed to
finalize plans necessary to avoid or minimize impacts on the timber rattlesnake (see section
4.6.2.25).
The habitats that are listed in the DEIS as being surveyed are not complete and not protective
of timber rattlesnakes and copperheads. DRN documented optimum timber rattlesnake
habitat during assessments conducted in SGL 168 from at least MP 52.9 to 51.0 along Blue
Mountain near Danielsville, PA. The DEIS states that 51.1 to 51.6 was surveyed for timber
rattlesnake but this only includes one section of this habitat and does not include all of the
optimal habitat areas in that area of SGLs; therefore the DEIS is not complete nor protective of
these important species. Below some images of the habitat observed during field
reconnaissance.
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Figure 34: Example of optimum rattlesnake habitat in SGL 168 that was not currently assessed in the herp
studies.
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Figure 35: Evidence of rodents among the boulder habitat – another primary requirement of rattlesnakes

Rattlesnakes use different areas of a mountain at different times of the year and it would be
more protective to ensure all areas are surveyed by a certified herpetologist at various times in
these ideal habitats.The seasonal movements of timber rattlesnakes vary greatly. Snakes
emerge from hibernacula (dens) in the spring and come down along the base of the mountain
to summer foraging and breeding grounds. As ectotherms, their movements are triggered by
temperature and sun patterns and orientation. The habitat requirements for hibernating,
foraging, and breeding are different so all suitable areas must be taken into account. Spatial
ecology also varies between males and females. Gravid females generally stay within a half mile
of the den, while nongravid females may travel over a mile away from the den. Males move
significantly farther, particularly when searching for females, and may travel up to 4 miles away
from the den. This large home range size means that there is a significant area of land that
needs to be surveyed before presence or absence can be determined.
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Rocky outcroppings, boulder habitat, and rodent populations and hiding places were all
observed between MP 52.5 and MP 52.9. This SGL dominated area is natural and includes
intact native plant habitat, boulder conditions, and mature forest on steep slopes and along the
base of the mountain ideal for rattlesnakes and likely copperheads also. This area is not
included in the MP Phase 1 surveys listed above and this is a large omission, especially in light
of the DEIS stating that PE would adhere to the recommendations of the state agencies,
including completing all necessary surveys for state species. Landowners along Cottonwood
Road whose properties about the SGL 168 have heard and observed timber rattlesnakes over
the past few years. Milk snakes and black racers have also been observed as well as black
bears. Local residents also said that snakes are found on the top of the ridge along the AT very
regularly. With these observations, it would be prudent to expand the Phase 1 studies to
include ALL areas, especially in these intact habitats and public lands and to see a Phase 2
survey conducted in this area through this entire stretch. From the DEIS, this area largely in SGL
168, is not fully included. It also seems unusual that the DEIS lists only one den site for timber
rattlesnakes considering the extensive length of the pipeline route in Pennsylvania counties
containing known timber rattlesnake habitat.
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Figure 36. Typical geologic conditions and optimum rattlesnake habitat in SGL 168.

In summary, DRN’s spot investigations both by viewing and spot checking maps and field
truthing and walking short sections of the pipeline path have documented gaps, omissions,
incomplete information, vague mapping, and lack of comprehensive cumulative environmental
impact considerations in the DEIS. As such, with incomplete information, DRN nor the public
has adequate information to conduct a thorough review. Where DRN conducted limited field
work, in all cases we found important features and habitat that are not fully considered in the
DEIS. In light of these errors, omissions, and flaws it is recommended that the DEIS and the
Penn East Pipeline be rejected due to the extensive harms it would cause to the region. It is
recommended that the public be provided all details with another extensive open comment
since third party verification is clearly necessary to ensure information is complete and
cumulative impacts are considered.
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