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Absiract

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-of-
way 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.
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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 double-
counting 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,
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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:

e Total land disturbance during construction is 2,977 acres, of which roughly

1,050 are forest, and 41 are wetlands.

e Total land disturbance for the permanent right-of-way is 1,328 acres, of
which roughly 440 are forest, and 22 are wetlands.

e 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 follow-
on 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 Delaware River Basin

EIS Environmental Impact Statement

GIS geographic information systems

FERC Federal Energy Regulatory Commission
HDD horizontal directional drilling

NHD National Hydrography Dataset

NLCD National Land Cover Dataset

ROW Right-of-way

USGS United States Geological Survey

ac acres

ft feet

mi miles

easement Legal term to describe the holding of land area to ensure access

to pipelines (see “right-of-way”).

gathering pipeline Small diameter pipelines used to transport from wells to the
larger gas pipeline network.

greenfield Term to describe construction in a new right-of-way

looping 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 (natural gas)
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.
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Infroduction

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).! 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.
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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 well-
known 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.’? 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

? 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.).
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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.
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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.
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Table 1. Proposed pipeline projects included in this study
Pipeline Project Proponent Details Lengthin Sources*
/Segments DRB [mi]
1 Constitution Pipeline Williams 13.5 [17-19]
2 Diamond East Project Williams 56.8 [15]
3 Leidy SE Project Williams Franklin Loop 11.2 [20-21]
4 Mariner East Sunoco Logistics Mariner East 1, 49.9 [22-23]
Mariner East 2 49.8
5 Southern Reliability Link®  NJ Natural Gas 18.2 [24-25]
6 PennEast Pipeline ponneast Pipeline 1009 [26-29]
TEAM 2014 Expansion .
7 Project Spectra Energy Bernville Loop 5.6 [30]
8 East Side Expansion Columbia Pipeline NJ Loop 10345, 7.4 (31-37]
Project Group PA Loop 1278 8.8
Total 322.2

* Sources common to several pipelines: [15-16]; @ — fransports 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.
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Table 2. Land cover groupings by 2011 National Land Cover Dataset classifications

Grouping NLCD Classifications Included

Forest 41 — Deciduous Forest; 42 — Evergreen Forest; 43 — Mixed Forest
Wetland 90 — Woody Wetlands; 95 - Emergent Herbaceous Wetlands
Agriculture (Ag) -

Pasture 81 — Pasture/Hay

Ag - Cultivated 82 — Cultivated Crops

Grassland/Shrub 71 — Grassland Herbaceous; 52- Shrub/Scrub

Open Space 21 — Developed Open Space; 31 —Barren Land

22 — Developed Low Intensity; 23- Developed Medium Intensity;

Developed 24 - Developed High Intensity
Water 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.



ANALYSIS & SOLUTIONS

Figure 1.  Map of proposed pipelines within the Delaware River Basin
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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
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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.
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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 25-
foot 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 [f]

Pipeline/
Construction Permanent Spoil Working- Working- Working- Working-
method ROW [ft] side Generdl Ag Wetland Forest
Greenfield:

Default 50 25 75 100 50

PennEast 50 35 65 90 40

Constitution 50 30 80 95 45 70
Looping:

Default 25-40 0-15 75 100 50

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.

10
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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.®

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.

Length New Const. Total W/in
Pipeline Project Segment [mi] Perm. Temp. (new) Existing
East Side Expansion@ Loop 10345 NJ 7.41 26.5 50.2 76.8 ~25
East Side Expansion@ Loop 1278 PA 8.93 25.5 56.2 81.7 ~25
Leidy SE@ Franklin Loop 11.47 26.0 30.0 55.9 45.0
TEAM 20140 Bernville Loop 5.60 24.0 75.3 99.3 63.2
ConstitutionP Broome County 16.85 45.9 57.8 103.7
PennEastP 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.
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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

Inputs
}.
Clip ROW to DRB
Outputs

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
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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 Name Description

A Asymmetric Buffer Divide all pipelines into segments, and enter a
buffer distance for the fopographic left and right
side of the feature. Adjust buffer width to account
for different land use types and existing ROWSs. 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 fo 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).

A - Asymmetric Buffer B - Equal Buffer with Erase C - Full width buffer
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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
New Permanent ROW Construction ROW
Document GIS Error | Document  GIS Error
Pipeline Project [ac] [ac] [%] [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 21.4 25.0 16.9%
Constitution 475 566 191% | 985 1143 16.0%
(Broome County)
Median 19.1% 16.6%
Weighted Average 68.3 85.2 24.8% 195.5 220.5 12.8%

Table 7. Validation of total new disturbance area [ac] from pipeline
documentation (“Document”) versus GIS estimates for the permanent
and construction ROWSs

New Permanent ROW Construction ROW

Document GIS Error | Document  GIS Error
Pipeline Project [ac] [ac] [%] [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 * 89.7 82.7 -19.4%
Constitution 93.4 100.9 80% | 2111 211.7 0.3%
(Broome County)
Median 8.0% 2.7%
Weighted Average 145.9 153.2 5.0% 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.
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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.
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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
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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 double-
counted area is roughly 18 acres (1346 minus 1328). Results for Methods B and C
(see Table 5) are shown for comparison.

Table 8. Estimated disturbance area [ac] within the DRB by pipeline and land
cover type for the new permanent ROW

E 5

< ]

s 2 % ? 3

2 5 5 5 § §
Pipeline g % % B 5 g E g 5
5 = & 2 2 & & 2 =2
Constitution Pipeline 407 09 13 290 49 38 0.1 0.0 80.8
Diamond East Project 9.7 6.3 37 92 237 266 39 0.6 170.7
Leidy SE Project 219 37 33 03 0.1 40 041 0.4 339
Mariner East 182 755 14 166 282 253 761 517 00 2749
NJ Natural Gas Project 71 14 18 43 113 481 360 00 110.0
PennEast Pipeline 312 66 367 728 1323 338 141 04  607.9
TEAM 2014 Expansion Proj. 6.7 0.1 04 25 25 27 33 01 18.4
East Side Expansion Project 8.6 25 20 68 42 120 129 00 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

TOTALS - by method
Sum of Pipeline Results @ 568 23 66 153 204 207 122 15 1346
A - Asymmetric buffer 555 22 64 153 204 205 122 14 1328
B - Symmetric buffer 499 202 564 149 192 200 137 32 1257
C - Full symmetric buffer 702 343 798 180 244 319 189 4.1 1752

a. "Sum of Pipeline Results” includes some double counting of areas, notably for Mariner
East 1 and 2, and Leidy SE, Diamond East, and PennEast.

NOTE: Pipeline results generated using Method A. Totals shown for other methodologies by
comparison. Totals may not sum exactly due fo rounding.
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Table 9. Estimated disturbance area [ac] within the DRB by pipeline and land
cover type for the new construction ROW.

E .

< 7]

s 2 % o® o3

2 5 g 3 3 g
Pipeline E’ % % B U g E ‘g 5
s =z & & 2 & & =2 ?
Constitution Pipeline 808 15 24 650 111 8.1 0.4 0.0 169.3
Diamond East Project 2957 151 80 288 715 744 117 22 5074
Leidy SE Project 51.8 6.1 5.4 0.9 0.3 100 03 0.8 75.6
Mariner East 1&2 1720 39 396 647 642 1602 1009 0.1 605.7
Southern Reliability Link 162 27 35 114 298 832 680 00 2147
PennEast Pipeline 6333 111 713 1643 3058 707 279 0.7 12851
TEAM 2014 Expansion Project 197 03 0.8 6.4 7.3 6.9 74 0.1 48.9
East Side Expansion Project 248 43 52 201 115 342 365 00 136.6
NJ Loop 10345 2.5 3.1 1.3 6.8 3.8 138 248 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

TOTALS - by method
Sum of Pipeline Resultse 1294 45 136 362 501 448 253 39 3043
A - Asymmetric buffer 1245 41 133 361 501 40 253 33 2977
B - Symmetric buffer 1005 42 112 299 398 414 272 66 2548

C - Full width symmetric buffer 1351 65 149 344 479 582 344 841 3324

a."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.

NOTE: Pipeline results generated using Method A. Totals shown for other methodologies by
comparison. Totals may not sum exactly due fo 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 HUCS8
watershed subdivision, with the HUC8 names labeled. (Figure 13 shows the spatial
location of both the HUC10 and HUCS8 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
HUCS8 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)
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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 areq)
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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 Siream 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 intersections* 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 feet® 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.

> 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.
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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 NHDPIus 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.® 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.
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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.” 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

DRB Forest Area Impact [ac]

GIS Adjusted Adjusted  Adj. Factor Adj. Factor
ROW Type (width) Results (Specific) (General)  (Specific) (General)
Construction (~100 ft) 1,245 1,036 1,086 0.872 0.832
Permanent (~50 ft) 555 462 418 0.752 0.832
Permanently cleared 333 277 251 0.6 0.6¢
(~30ft)

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:

e Approximately 1,040-1,090 acres of forest within construction ROW during
construction

e Approximately 420-460 acres of forest that will fall within the proposed
pipelines’ new permanent ROWs

e Approximately 250-280 acres of forest that will be permanently lost in the
cleared area of the pipeline ROWSs, if all pipeline projects keep only 30 feet of
width in the permanent ROW cleared.

7 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.
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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:

e 41 acres of wetlands within the construction ROW

e 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
ROWSs, 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 ROWSs. 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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Table 11.  Total land disturbance by county for new permanent ROWse
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County (U}
Burlington, NJ 2.8 0.6 0.8 24 6.3 186 104 0.0 419
Gloucester, NJ 0.9 1.9 04 2.1 12 49 9.0 0.0 20.6
Hunterdon, NJ 760 12 108 392 405 75 07 0.0 175.9
Mercer, NJ 10.5 1.4 116 84 9.9 2.5 1.2 0.0 45.5
Monmouth, NJ 2.0 0.1 0.4 16 24 76 1.9 0.0 15.9
Ocean, NJ 24 0.8 0.5 04 26 219 236 00 52.2
Warren, NJ 9.3 04 0.5 1.1 140 38 0.5 0.1 29.6
Broome, NY 407 09 13 290 49 38 0.1 0.0 80.8
Berks, PA 439 0.3 8.4 146 143 181 113 041 111.0
Bucks, PA 0.6 0.0 1.5 0.9 6.5 04 0.3 0.0 10.3
Carbon, PA 137.7 17 2.0 13.0 1.2 9.8 3.6 04 169.5
Chester, PA 2717 14 8.7 186 140 415 355 00 147.5
Delaware, PA 18.4 04 14 22 25 265 120 0.0 63.4
Luzerne, PA 658 49 97 00 00 22 05 0.0 83.1
Monroe, PA 63.5 53 0.2 42 14 141 0.6 0.8 90.1

Northampton, PA 534 05 58 153 826 221 105 0.0 190.3
TOTALS - by State

Subtotal - NJ 104 6 25 55 77 67 47 0 382
Subtotal - NY 41 0.9 13 29 5 4 0 0.0 81

Subtotal - PA 411 15 38 69 123 136 74 1 865
TOTAL - DRB 555 22 64 153 204 205 122 1 1328

a- Land disturbance estimate computed by Method A (see table 5). Totals may not sum
exactly due to rounding.
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Table 12. Total land disturbance by county for construction ROWsa
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Burlington, NJ 5.4 1.2 1.6 6.9 163 312 194 00 81.9
Gloucester, NJ 25 29 1.3 6.8 38 138 248 0.0 55.9
Hunterdon, NJ 1579 22 241 889 920 153 16 0.0 382.1
Mercer, NJ 242 24 205 192 240 4.8 29 0.0 97.9
Monmouth, NJ 47 0.3 0.7 3.3 41 142 37 0.0 30.9
Ocean, NJ 6.1 1.2 12 1.2 94 378 449 00 101.9
Warren, NJ 29.1 1.0 1.7 29 46 108 1.8 0.3 89.2
Broome, NY 80.8 1.0 24 650 1141 8.1 04 0.0 168.8
Berks, PA 1156 09 226 353 381 452 268 0.1 284.6
Bucks, PA 1.2 0.0 32 22 154 07 04 0.0 23.0
Carbon, PA 27165 25 40 316 29 203 75 0.5 345.7
Chester, PA 67.2 34 190 442 353 861 674 01 322.6
Delaware, PA 313 1.1 2.7 49 5.8 56.0 258 0.0 127.7
Luzerne, PA 1504 98 143 00 0.0 5.1 11 0.0 180.7
Monroe, PA 1709 94 05 133 40 406 19 2.1 242.5

Northampton, PA 1215 19 127 353 1974 499 221 0.2 441.0
TOTALS - by State

Subtotal - NJ 230 11 51 129 191 128 99 0 840
Subtotal - NY 81 1.0 24 65 11 8 04 00 169
Subtotal - PA 935 29 79 167 299 304 153 3.0 1968
TOTAL - DRB 1245 41 133 361 501 440 253 3 2977

a- Land disturbance estimate computed by Method A (see table 5). Totals may not sum
exactly due to rounding.
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Table 13.  Pipeline land area impact [acres] by watershed, Permanent ROW
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Watershed (HUC) Y

Upper Delaware 407 09 38 49 290 0.1 13 00 80.7
204010103 40.7 0.9 3.8 49 290 0.1 1.3 80.7
Middle Delaware 1174 35 249 900 563 64 260 0.1 324.6
204010408 42 04 05 13 04 0.0 6.8
204010503 5.1 0.4 76 115 04 2.6 0.1 27.7
204010504 6.0 0.3 1.2 3.2 0.5 0.2 0.3 11.7
204010505 3.8 0.3 0.8 3.4 1.5 0.3 0.2 10.3
204010506 15.9 0.2 56 216 7.2 1.2 3.3 0.1 55.0
204010509 82.4 2.4 9.3 499 454 1.9 220 213.2
Lehigh 2994 121 376 660 258 115 162 1.1 469.7
204010601 30.9 2.8 5.0 0.7 0.5 0.5 40.5
204010602 82.9 7.0 2.4 0.5 9.7 0.1 102.7
204010603 63.9 1.8 7.3 0.2 2.4 0.3 75.9
204010604 50.6 7.1 0.0 3.8 0.3 0.6 0.3 62.7
204010605 34.0 0.4 3.9 1.1 9.2 3.3 1.6 0.2 53.9
204010608 36.9 0.1 119 639 9.8 7.1 4.2 134.1
Crosswicks-Neshaminy 7.1 14 455 113 43 37 17 0.0 103.0
204020101 4.6 09 333 69 36 260 09 76.1
204020104 2.4 0.5 12.2 44 0.8 5.7 0.8 26.9
Lower Delaware 195 23 458 37 45 334 20 0.0 111.2
204020201 0.1 2.6 4.3 0.0 7.0
204020206 19.4 23 432 37 45 291 1.9 104.2
Schuylkill 449 05 137 194 172 204 91 0.1 125.2
204020303 4.5 1.5 1.2 0.6 0.8 0.0 8.6
204020304 15.7 71 25 87 65 40.5
204020306 69.2 09 256 167 30.1 247 52 0.1 172.5
204020307 0.9 0.2 2.2 4.5 2.9 1.3 0.3 12.3
204020310 0.1 0.6 0.3 0.6 0.4 1.9
Brandywine-Christina 265 12 269 93 156 256 79 0.0 113.0
204020501 265 12 269 93 156 256 79 0.0 113.0
TOTAL - DRB 555 22 198 205 153 129 64 1 1327
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Table 14. Pipeline land area impact [acres] by watershed, Construction ROW.
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Upper Delaware 80.7 15 8.1 11 650 04 24 0.0 169.2
204010103 80.7 1.5 8.1 111 650 04 2.4 169.2
Middle Delaware 27116 70 564 2239 1330 161 536 0.3 761.8
204010408 13.3 1.1 1.5 5.3 0.9 0.0 0.0 22.0
204010503 18.8 1.3 172 295 1.5 6.5 0.4 75.3
204010504 18.7 0.6 2.9 9.7 1.3 0.7 1.0 0.0 34.8
204010505 115 0.8 2.3 9.7 4.6 0.9 0.7 304
204010506 37.3 0.2 14.1 58.8 18.4 2.6 8.2 0.3 139.8
204010509 172.0 4.1 18.8 1147 101.9 4.5 43.4 459.5

Lehigh 6600 223 913 1534 601 233 274 28 1040.6
204010601 778 50 124 1.8 1.3 0.0 1.3 99.6
204010602 186.6 132 55 1.1 143 0.1 220.8
204010603 130.1 28 160 04 5.6 1.0 0.0 155.8
204010604 109.9 214 0.2 10.0 0.6 1.3 0.3 143.7
204010605 79.7 07 9.7 2.9 227 7.0 3.2 0.9 126.9
204010608 76,0 06 263 1481 205 136 8.6 0.2 293.8
Crosswicks-Neshaminy 15.7 27 796 298 114 584 31 0.0 200.6
204020101 11.1 1.5 579 187 89 458 16 145.6
204020104 4.5 1.2 216 111 2.5 126 1.6 55.0

Lower Delaware 34.9 42 931 9.7 118 737 48 0.0 232.2
204020201 0.5 3.6 9.6 0.4 14.1
204020206 343 42 894 97 118 641 45 218.1
Schuylkill 1184 16 355 464 446 504 216 0.1 318.6
204020303 13.3 3.2 3.6 14 1.6 0.0 23.2
204020304 33.1 0.0 15.9 5.6 19.2 151 88.9
204020306 69.2 0.9 25.6 16.7 30.1 24.7 5.2 0.1 172.5
204020307 2.4 0.7 4.6 9.7 7.4 3.0 0.4 28.2
204020310 04 2.1 0.6 1.9 1.0 5.9
Brandywine-Christina 639 27 598 250 367 490 172 0.1 254.4
204020501 639 27 598 250 367 49.0 172 0.1 254.4

TOTAL - DRB 1245 4 424 499 363 271 130 3 2977
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Table 15.  Stream crossings by HUC-10 watershed: total, shared (potentially, with
existing crossings), and new (=total — shared)

Watershed (HUC10 #) Total Shared New
Upper Delaware 1 0 11
204010103 11 11
Middle Delaware 39 15 24
2040104087 0
204010503 6 6 0
204010504 3 3 0
204010505 3 3 0
204010506 6 3 3
204010509 21 0 21
Lehigh 58 42 16
204010601 13 13 0
204010602 20 19 1
204010603 4 0
204010604 9 5
204010605 4 2
204010608 8 8
Crosswicks-Neshaminy 8 0 8
204020101 5 5
204020104 3 3
Lower Delaware 15 7 8
204020201 0 0
204020206 15 7 8
Schuyilkill 18 8 10
204020303 2
204020304 2
204020306 12 6
204020307 2 2 0
204020310 0
Brandywine-Christina 26 20 6
204020501 26 20 6
TOTAL - DRB 175 92 83

a-HUC10 numerical codes shown grouped by HUC8 name. This HUC10 is in the Middle
Delaware-Mongaup-Brodhead HUCS8. The remaining HUC10s in this grouping are in the
Middle Delaware-Musconetcong HUCS.
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