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Overview
The Delaware River Basin (DRB) faces significant disruption and stresses from the development of the 

natural gas industry in the region. Cumulatively, these stresses result in substantial costs to the 

environment and communities in the DRB. Such costs should not be overlooked when making decisions 

about pipeline development in the region. The results of this study suggest that the present value of 

lifetime environmental and social costs associated with the proposed PennEast and existing Mariner 

East 2 pipelines in the DRB range from approximately $758 million to $2.4 billion. These estimates 

represent only the costs that could be quantified and monetized but not the full range of potential costs. 

In addition, these estimates are conservative based on the assumptions applied to each individual 

analysis. In other words, these costs are lower bounds. Under other assumptions about uncertain 

factors, costs could be higher.

The monetized costs include loss of ecosystem services as a result of land cover change in the pipeline 

right of way (ROW), greenhouse gas (GHG) emissions resulting from the construction and long-term 

operation of the PennEast pipeline, GHG emissions resulting from the long-term operation of the 

Mariner East 2 pipelines, lost recreation days resulting from pipeline construction, and the lost 

investment associated with conservation easements on protected land that will be cleared for the 

pipeline ROWs.

There are many other important costs that could not be monetized or estimated due to lack of data or 

uncertainty of the estimates. Examples of these additional costs include: source water quality 

degradation and associated treatment or procurement of new sources; stream quality and aquatic 

habitat degradation; loss of property value; and construction disruptions including noise, vibrations, and 

aesthetics.

Background

Expansion of the network of natural gas pipelines in the eastern U.S. has increased dramatically since 

2012 as the development of the Marcellus Shale play, which stretches from New York to Virginia, has 

risen substantially. This expansion has affected many of the existing land uses and populations (U.S. 

Energy Information Administration, 2017). During this time, gas production in the region has grown by 

more than 14 billion cubic feet per day (bcf/d) (U.S. Energy Information Administration, 2017). With this 

increased development, transport pipelines have also become more common. In New Jersey alone, 

rapid buildout of pipeline capacity between 2011 and 2018 has added approximately 3 bcf/d, 

representing approximately a 52 percent increase in pipeline capacity (Blumenthal, 2018). However, 

recent research suggests that this added capacity is not needed, and the proposed PennEast pipeline 

may further increase the amount of excess natural gas being piped to the region (Lander, 2016). As of 

2016, at least eight large natural gas pipelines, totaling 322 miles, were planned in the DRB (Hanson and 

Habicht, 2016). Should these pipelines be constructed, they would disrupt 2,977 acres during 

construction and 1,328 acres permanently during operation, with an estimated 175 stream crossings 

along the various pipeline routes (Hanson and Habicht, 2016).

1
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The DRB is a critical environmental, social, and economic asset to the region through its support of 

important ecosystems, recreational activities, agricultural production, and water quality management. 

Spanning portions of New York, New Jersey, Pennsylvania, and Delaware that include 42 counties and 

838 municipalities, the DRB encompasses a large swath of the mid-Atlantic and is home to a plethora of 

land uses (DRBC, 2017a). With its 216 tributaries, the DRB contains a large volume of freshwater that 

serves local ecosystems and provides drinking water to more than 15 million people and almost 1,000 

community water systems (Delaware River Basin Source Water Collaborative, 2019). The DRB also 

contains forests, shrubland, agricultural land (both cropland and pasture), and developed land, all of 

which provide ecosystem services, recreational uses, economic profit, and more.

Scope of Analysis

This study focuses on the PennEast, Mariner East 2, and Mariner East 2X pipelines. The PennEast 

pipeline is a proposed natural gas pipeline (carrying primarily methane and ethane) that would stretch 

from northern Pennsylvania into central New Jersey, traversing 120.2 miles. The pipeline project will 

primarily cut a new right of way (ROW), though several segments are adjacent to existing pipelines or 

fall along power line rights of way. The bulk of the PennEast route is in the DRB, but the start of the 

route is in the Susquehanna River Basin, and the very end of the route in Mercer county is just outside 

the DRB. The Mariner East 2 is a 20-inch diameter pipeline and the Mariner East 2X is a 16-inch diameter 

pipeline (these pipelines are collectively referred to as Mariner East 2 in this report). The Mariner East 2 

pipelines, owned by Sunoco Logistics1, carry natural gas liquids (e.g., butane, ethane, propane) that are 

more energy dense and heavier than the methane that accounts for the bulk of natural gas volume. 

Much of the Mariner East 2 route runs adjacent to the existing Mariner East 1 route, and other pipelines 

operated by Sunoco and other companies. The pipelines travel from Ohio, through West Virginia, and 

across Pennsylvania to the export terminal at the Marcus Hook Industrial Complex near Philadelphia. 

Construction of the Mariner East 2 pipeline began in February 2017 and construction of Mariner East 2X 

has also begun, and they have faced significant public opposition stemming largely from concerns 

regarding damage to local water quality and groundwater wells as well as long-term safety risks.

The purpose of this study is to identify and understand the environmental and social costs of these 

pipelines in the DRB. Several studies have attempted to estimate the environmental and social costs of 

pipeline activities in the region. However, this study differs from other similar research endeavors in a 

number of ways, one of which is its primary focus on the costs and effects of the PennEast and Mariner 

East 2 pipelines in the DRB. This report summarizes the results of a literature review on the general 

effects of, and costs associated with, pipeline development. The report draws from peer reviewed 

publications and academic, government, and industry reports. This study also includes an in-depth look 

at the problems caused by the Mariner East 2 pipelines, which are currently under construction. This 

case study uses publicly available information and personal communication with local residents to 

explore the breadth of actual damages to communities along the route of the Mariner East 2 pipelines. 

Additionally, this study examines the claims made by PennEast Pipeline Corporation on the economic

1 Sunoco is now owned by Energy Transfer Partners.

2
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impact of the pipeline and compares them to the potential job creation of an equal investment in other 

energy provision options, such as clean energy or energy efficiency.

This report begins with characterization of the environmental and social costs of pipeline development 

in the region based on a review of existing literature and research (Chapters 1 through 4). It provides an 

analysis of the range of costs associated with the PennEast and Mariner East 2 pipelines (Chapter 5). The 

report then offers a case study on the documented effects of Mariner East 2 (Chapter 6) and a jobs 

analysis of the PennEast pipeline (Chapter 7).

Key Findings and Results

The results of this research and analysis reveal numerous costs to the environment and regional 

communities. The table below highlights key findings pertaining to the PennEast and Mariner East 2 

pipelines and their impacts on the DRB's ecosystems, economies, and populace.

Costs of the PennEast and Mariner East 2 Pipelines - Key Findings

Waterbody Degradation

• The PennEast pipeline will result in 135 stream crossings in the DRB, and the Mariner East 2 
pipelines have 72 stream crossings in the DRB. PennEast would cross 80 streams with high 
value designations, and Mariner East 2 crosses 30 streams with high value designations. 
These crossings pose concerns for stream health, as well as concerns for the health of trout 
and long-tailed salamander populations during both construction and operation.

• Research indicates that open-cut, isolated, and horizontal directional drilling (HDD) stream 
crossing methods for pipeline construction have had damaging effects on channel 
morphology, water quality, and aquatic life and habitats. One study examined 54 HDD 
installations and concluded that half resulted in inadvertent returns (IRs) of drilling fluid. 
These IRs occurred most frequently within 200 feet of the HDD entry or exit point.

• As of February 2019, there have been approximately 240 inadvertent returns of drilling 
fluid to land and water along the Mariner East 2 pipeline route, and the PA Department of 
Environmental Protection had issued 94 notices of permit violations.

• Numerous studies indicate that water treatment cost is directly related to turbidity, and 
additional sediment loading to the Delaware River may create additional costs for surface 
water treatment systems to manage sedimentation. Pipeline ROWs contribute most to 
erosion and sedimentation in the natural gas development process, exceeding the erosion 
and sedimentation effects of well pads and roads.

• Overall, approximately 1.2 million individuals consume water from public water systems 
that could be at risk of contamination or degradation due to the PennEast and Mariner East 
2 pipelines. Approximately 1,600 domestic wells could be at risk of contamination, and 
nearly 500 domestic wells are in close proximity to at least one of the pipelines.
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Key Findings (Continued)

Air Quality and Greenhouse Gases

• PennEast estimates that the gas-powered Kidder Compressor Station would emit 
approximately 90 tons of NO«, 17 tons of CO, 5 tons of SO^, 24 tons of PMio, 24 tons of 
PM^.s, and 2 tons of CH^O each year of continuous operation.

• An independent analysis estimated that the total emissions release related to the 
development at Marcus Hook to service all Mariner East pipelines will result in 
approximately 63 tons of NO,, 163 tons of CO, 40 tons of SO,, 14 tons of PM, and 13 tons of 
PM jo each year of operation.

• The total cost of greenhouse gas (GHG) emissions for construction and operation of the 
PennEast pipeline using the average social cost of carbon (SC-CO2) would be approximately 
$470 million. If we assume a high impact SC-C02/ costs could be as high as $1.4 billion over 
the life of the pipeline. This does not include the cost of any associated downstream 
emissions, which PennEast estimates to be 21.3 million metric tons of C02 equivalents 
annually.

• The cost of emissions associated with operation of Mariner East 2 at one pump station and 
operations from operations at the Marcus Hook facility will be approximately $260 million. 
Using a high impact SC-CO2, costs could be as high as $800 million for these facilities. These 
estimates do not include emissions associated with construction or long-term operation of 
many other pump stations along the pipeline and, therefore, underestimate potential 
emissions from the Mariner East 2 pipelines.

Ecosystem Services

• The Mariner East 2 and PennEast pipelines will disrupt approximately 2,200 acres of land in 
the DRB for pipeline construction and long-term operation. We estimate these costs would 
result in a present value loss of ecosystem services in the DRB of approximately $11 million 
for Mariner East 2 and $43 million for PennEast.

Recreation and Protected Lands

• Pipeline construction will affect not only the ROW but also the buffer zone, an area 
spanning 100 meters from either side of the ROW. Acute effects of blasting, noise from 
heavy machinery, and other construction activities have been shown to be highly disruptive 
to wildlife in this zone and may significantly reduce or eliminate wildlife-based activities 
during the construction period. Mariner East 2 and PennEast could cost recreation goers 
approximately $2.8 million in lost recreation enjoyment as the pipelines are constructed.

• Overall, one quarter of the land the PennEast pipeline is proposed to pass through in the DRB 
is protected in fee or preserved under conservation easements. Total costs of the acres of 
preserved land (fee or easement) cleared for the temporary and permanent ROW for 
PennEast and Mariner East 2 are approximately $4 million.
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Key Findings (Continued)

Property Value and Litigation

• Contrary to claims made by pipeline companies, recent studies suggest that transmission 
pipelines reduce property values in the short term. Pipeline construction has also been 
demonstrated to have detrimental effects on the quality or value of the property as a result 
of contaminated wells, alterations to the land, and proximity to the pipelines and operating 
equipment. Proximity to pipelines may also affect insurance rates or availability.

• The economic value of farmland disturbed by the PennEast and Mariner East 2 pipelines 
totals approximately $4 million based on average farm real estate values in Pennsylvania 
and New Jersey.

• Based on the area cleared for the pipeline in the ROW, we estimate that the total value of 
cleared land in Hunterdon County alone is approximately $1.4 million.

• In response to the safety and environmental concerns about these pipelines, communities, 
townships, non-profits, and individuals have invested countless hours in efforts they 
believe necessary to protect their communities, homes, and families. Efforts initiated by 
these entities include numerous legal actions against Sunoco in an effort to reclaim lost 
value associated with property, safety, and environmental quality.

Wildlife

• Six federally-listed and 25 state-listed species face habitat disruption as a result of the 
PennEast pipeline's construction and operation activities.

• The proposed PennEast pipeline route passes through Baldpate Mountain, an important 
bird area (IBA) that supports numerous migrating and breeding bird species, including 28 
species ranked by the American Bird Conservancy as birds of conservation concern. In total, 
the PennEast pipeline would cross or come within 100 feet of six IBAs, and the Mariner East 
2 pipelines cross or come within 100 feet of four IBAs in the DRB.

• When pipelines are constructed with a 100-foot right of way, each mile directly disturbs 12 
acres and creates an additional 72 acres of new forest edge, leading to fragmentation and 
decreases in biodiversity.

Adding the costs identified above, the results of this study suggest that the environmental and social 

costs associated with the PennEast and Mariner East 2 pipelines are approximately $758 million to $2.4 

billion.

GHG emissions are the highest source of monetary costs for both pipelines, amounting to at least $730 

million. The high-end estimate for costs associated with GHG emissions is $2.2 billion. Monetary costs of
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other effects we estimated are also substantial, ranging from approximately $28 million to $170 million. 

These cost estimates include:

• Loss of ecosystem services in the temporary and permanent ROWs in the DRB.

• Lost recreation days in the DRB during construction.

• Lost investment in conservation easements and fee-protected property disturbed by the 

pipelines in the DRB.

There are many additional costs that could not be monetized or estimated due to lack of data or 

uncertainty in the estimates. For this reason, and because we used conservative assumptions in each 

individual analysis, we believe that our monetary estimates represent lower bound estimates of the 

total cost of environmental and social damages caused by the pipelines. Under other assumptions and 

including uncertain factors, costs could be significantly higher. Specific limitations and assumptions that 

likely result in a lower bound estimate include:

• With the exception of the GHG analysis, this analysis was limited to the effects in the DRB. 

Approximately 12 percent of the PennEast pipeline and 82 percent of the Mariner East 2 

pipelines are located outside of the DRB (in terms of miles).

• Due to a lack of data, the analysis does not include GHG emissions associated with the 

construction of the Mariner East 2 pipelines or emissions from most long-term operations. Our 

estimates evaluate operation of one pump station and the Marcus Hook facility.

• The GHG emissions analysis uses a social cost of carbon (SC-CO2) that is significantly below the 

cost estimated by recent scientific literature.

• While the health effects of pollutants associated with the pipelines are well understood, the 

effect of the pipelines themselves and their operating equipment on human health is not known 

at this time. It was not possible to estimate monetary loss associated with diminished ambient 

air quality and degraded water and their ultimate health effects.

• There are not enough data to understand the effect of the pipelines on nearby property values. 

Reductions in property value associated with pipeline risks, drinking well contamination, and 

sinkholes were not included in the cost estimates.

• This analysis does not include the effects of increased sediment load in streams of the DRB. 

There are not enough site-specific data to estimate the ultimate effect on turbidity and the 

consequences for water treatment systems. Furthermore, sediment loading is known to stress 

freshwater habitats. These costs were not included in the monetary analysis.

• Construction of the Mariner East 2 pipelines and the resulting damage to private wells is well 

documented, but costs associated with past and potential future contamination of private wells 

and public water supplies were not included in the monetary estimate.

• Due to data limitations, the estimate does not include costs associated with other disruptions to 

communities along the pipeline routes including noise, vibrations, and aesthetics.

The PennEast and Mariner East 2 pipelines are just two of several existing and planned pipelines in the 

region, and they will add to the environmental degradation, habitat fragmentation, and pollution 

already observed throughout the DRB as the result of pipeline construction and operation.
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1. Potential Effects on Ecosystem Services Along the

Pipeline Route

Key Findings

■ The Mariner East 2 and PennEast pipelines will disrupt approximately 2,200 

acres of land in the DRB, the majority of which is forest, agricultural land, or 

low vegetation, such as grassland or scrub land.

■ Over 1,000 acres of forested land will be cleared for PennEast and Mariner 

East 2 pipeline construction and operation.

■ Research indicates that when pipelines are constructed with a 100-foot right 

of way, each mile directly disturbs 12 acres and creates an additional 72 acres 

of new forest edge, leading to habitat fragmentation.

• The DRB supports critical water habitats, including 400 miles of designated 

National Wild and Scenic River, and supplies drinking water to five percent of 

the nation's population.

The Pipeline Routes

The Mariner East 2 and proposed PennEast pipeline routes cross many types of land cover. Some of that 

land was previously undeveloped, including forests, grasslands, and other land cover types (shrubland, 

wetlands, and other water), while other land has been developed, either for built infrastructure 

(residential, commercial, etc.) or agriculture (PennEast Pipeline Company, LLC, 2015a). According to the 

GIS analysis conducted for this study, the Mariner East 2 pipelines and PennEast pipeline will affect 

approximately 2,200 acres of land in the DRB, the majority of which is forest, agricultural land, or low 

vegetation, such as grassland or scrub land. Table 1 presents a detailed breakdown of land crossed by 

each pipeline, and Figure 1 provides a map of the pipeline routes. This chapter summarizes the potential 

effects of pipeline development on these land types.
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Table 1. Land Use Types Crossed by Pipelines in the Delaware River Basin

Land Use Type
Acres Affected by Pipelines

_______________ _______________ ^
Permanent Area Temporary Area Total

PennEast Pipeline

Forested 337 463 800

Shrub-Scrub 13 21 34

Wetlands 8 12 19

Agricultural 156 319 476

Grassland 85 132 217

Developed, Barren, Other 42 131 173

Water 1 2 3

Subtotal 642 1,079 1,721

Mariner East 2 pipelines

Forested 111 93 204

Shrub-Scrub 5 4 9

Wetlands 1 0 1

Agricultural 35 36 71

Grassland 24 23 47

Developed, Barren, Other 61 62 123

Water 0 0 0

Subtotal 237 217 4S4

Total Acres 878 1,296 2,175

What Are Ecosystem Services?

Broadly, ecosystem services entail the indirect benefits provided by a species or ecosystem to human 

economic production (Kroeger and Manalo, 2006). These include non-market benefits, such as 

supportive services (e.g., nutrient-cycling), regulating services (e.g., flood and disease control), and 

cultural services (e.g., recreation and spiritual purposes) (Kroeger and Manalo, 2006). Although difficult 

to estimate economically, ecosystem services are nevertheless valuable aspects of the land. The Mariner 

East 2 and proposed PennEast pipelines would span approximately 160 linear miles through the DRB, 

altering approximately 2,200 acres of the land in the temporary construction and permanent right-of- 

way (ROW) required for construction and operation. This land use modification will disrupt or degrade 

these ecosystem services. Consequently, understanding their value is critical to quantifying the 

economic costs of the pipelines.
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Figure 1. Map of PennEast and Mariner East 2 Pipelines in the Delaware River Basin

Pipeline construction will disturb land and may reduce ecosystem services on those lands. In the 

permanent ROW, some land use types will be permanently altered, potentially reducing the breadth or 

quality of ecosystem services provided in the long-term.

Because ecosystem services are not sold and purchased, non-market valuation methods are used to 

estimate their values. Primary estimates of the economic values associated with ecosystem services 

specifically in the DRB are rare. However, numerous studies from around the world have estimated the 

economic values of ecosystem services for land use types similar to those in the DRB. In the sections
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that follow, we provide a selection of the most relevant valuation estimates to demonstrate the range of 

values associated with each land use type. Most of these values were collected from the Ecosystem 

Services Valuation Database, which provides more than 1,300 valuation estimates of ecosystem services 

(Van der Ploeg et al., 2010). The values presented in this report are the most relevant based on the 

geographic location of the study, the type of ecosystem, and the type of ecosystem service.

Ecosystem services values vary widely, both across land types and within the same ecosystem service 

and land type. Several factors contribute to this variation. Ecosystems (i.e., land types) offer different 

bundles of services, and the strength of each service (and its corresponding value) varies across 

ecosystems. Other factors that affect an estimated value for an ecosystem service are methodological 

and include the location of the study and valuation methodology. Similar ecosystems (lakes, rivers, 

forests, grasslands, etc.) are located in different environments across the globe, and each unique 

ecosystem may have underlying characteristics that affect its estimated values. Ecosystem services 

valuations can be difficult or expensive to conduct, so it is a common practice to approximate ecosystem 

services values using the values estimated for the same ecosystem from another location. This is known 

as the benefit transfer method, which is used widely to estimate the value of ecosystems. (Examples 

include Costanza et al. 1997, Delaware Valley Regional Planning Commission 2011, and Kauffman 2013.) 

There are several other recognized valuation methods for estimating ecosystem services (e.g., travel 

cost, avoided cost, contingent valuation, hedonic pricing). Each of these methods can result in different 

estimated ecosystem services values.

A handful of studies have estimated the value of ecosystem services in and around the DRB using the 

benefit transfer method. A 2010 study estimated the total annual value of New Jersey's ecosystem 

services to be approximately $12 billion to $19 billion, which is equivalent to a present value of 

approximately $370 billion over 100 years at a 3 percent discount rate (in 2004 dollars) (Liu et al., 2010). 

A more recent study by the University of Delaware Water Resources Center estimated ecosystem 

services in the DRB at approximately $21 billion per year, which is equivalent to a present value of 

approximately $683 billion over 100 years (all in 2010 dollars, Kauffman, 2016). The sections that follow 

summarize the ecosystem services for land types along the pipeline route and provide a list of values 

from studies with estimated values for these ecosystem services and land types. In Chapters. Analysis of 

Costs Associated with the PennEast and Mariner East 2 Pipelines, we select what we believe to be the 

most appropriate values from these sections and apply them in our own benefit transfer analysis.

Forests

Forested regions provide a vast array of ecosystem services for local environments and populations. The 

Mariner East 2 and proposed PennEast pipeline routes traverse more forested acreage than any other 

land cover type. This poses a risk of damage in the short term during construction as well as possible 

long-term damage due to pipeline operation and maintenance. Most of the 7,800 square miles of forest 

in the DRB fall into three primary forest types: deciduous, evergreen, and mixed (Hanson and Habicht, 

2016). According to our analysis, the proposed route of the PennEast pipeline in the DRB will disturb 

approximately 340 acres of this forested land for the permanent right of way (ROW) and approximately

10

Flynn Exhibit Page 557



CADMUS
460 acres for the construction ROW. This land cover disturbance may affect numerous ecosystems 

services currently provided by the forested region.

Large swaths of uninterrupted forest offer habitats for a multitude of species and help to preserve local 

biodiversity. While broad in its implications, maintenance of biodiversity can help ensure genetic 

diversity within species, provide natural pest and disease control, and maintain pollination (Krieger, 

2001). When pipelines are constructed with a 100-foot ROW, each mile directly disturbs 12 acres and 

creates an additional 72 acres of new forest edge (Johnson, et al., 2011). While this edge may benefit 

species that thrive on the borders of forests and open spaces, fragmentation diminishes habitat quality 

and may harm species that rely on undisturbed "core" forest to thrive (Johnson, et al., 2011). This 

separation into smaller parcels of land reduces biodiversity; studies have shown the smaller areas 

support fewer types of species as well as lower populations of individuals within those species (Eggert, 

2016). Fragmentation affects not only the ecosystems directly tangent to the ROW but also the buffer 

zone. Fragmentation is particularly harmful in forests, where the buffer zone spans 300 feet from each 

border (Eggert, 2016). Many species require interior forest habitats, with significant buffer from the 

forest edge. Interior forests provide increased shade and humidity as well as canopy protection 

(Johnson, et al., 2011). Some examples of Pennsylvania species that rely on interior forest include blue 

warblers, salamanders, and woodland flowers. When the ROW is constructed, it fragments the forest 

and inhibits movement of these interior forest species (Johnson, et al., 2011).

Forested areas also support healthy water and wetlands. When precipitation falls on forested land, a 

portion of that water is absorbed into the soil and root systems, reducing flooding and preventing 

erosion of topsoil and sedimentation (Krieger, 2001). This water is filtered by the soil, removing 

nutrients, pollutants, and bacteria and reducing turbidity and total organic carbon (TOCs), thus 

contributing to better water quality (Warziniak, et al., 2016). When forests are cleared however, the soil 

cannot absorb water as easily, and instances of flooding, elevated peak flows, and landslides may 

increase (Schwartz and Kocian, 2015).

Forested lands can also improve air quality by capturing and removing airborne particulate matter and 

producing oxygen. These functions contribute to an overall higher quality of ambient air, benefiting 

human health (Krieger, 2001). Forests also absorb carbon dioxide from the atmosphere and serve as 

carbon sinks, capturing and storing carbon in new growth. For example, deciduous forests in New 

England captured approximately 1.4 to 2.8 metric tons of carbon per hectare per year between 1991 

and 1995 (Goulden, et al., 1996). This is a particularly valuable ecosystem service as increasing amounts 

of carbon dioxide are released into the atmosphere, driving climate change.

The trees that comprise forests provide consumptive benefit in the form of lumber (Schwartz and 

Kocian, 2015). People can also benefit from use of forested areas for activities such as hiking, biking, 

camping, and hunting. Having available forests as a recreational destination can improve both physical 

and mental health (Schwartz and Kocian, 2015), and proximity to protected land and its plethora of 

recreational activities can also elevate nearby property values (Zeph and Mowery, Unknown).
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Table 2 presents a range of values for ecosystem services values for forests. As previously discussed, 

these estimates vary according to the type of service, location, and study. High and low estimates for 

each ecosystem service type can be used to develop aggregate high and low estimates for forest 

ecosystem services values. The total ecosystem services value at the end of the table uses a global 

aggregate average of ecosystem services for temperate and boreal forests.

Table 2. Ecosystem Services Values for Temperate and Boreal Forests

Ecosystem Service
Value {2017 

USD/acre/year)
Source

Air quality $460 Ministerie van Landbouw, Natuur en Voedselkwaliteit (2006)

Biological Control $7.8 Anielski, M. and S.J. Wilson (2005)

Biological Control $2.6 Brenner-Guillermo, J. (2007)

Climate $1.1 to $1,100 Anielski, M. and S.J. Wilson (2005)

Climate $70 Brenner-Guillermo, J. (2007)

Erosion $64 Brenner-Guillermo, J. (2007)

Biodiversity $0.02 Anielski, M. and S.J. Wilson (2005)

Biodiversity $1,200 Brenner-Guillermo, J. (2007)

Biodiversity $2,500 Loomis, J. and E. Ekstrand (1998)

Biodiversity $11 Phillips, S., et al., (2008)

Biodiversity $44 Walsh, R.G., et al., (1984)

Biodiversity $10 Brenner-Guillermo, J. (2007)

Pollination $210 Brenner-Guillermo, J. (2007)

Recreation $160 Brenner-Guillermo, J. (2007)

Recreation $1.3 to $4.7 De la Cruz, A. and J. Benedicto (2009)

Recreation $5.5 Phillips, S., et al., (2008)

Soil fertility $6.3 Brenner-Guillermo, J. (2007)

Waste $57 Brenner-Guillermo, J. (2007)

Waste $9.0 De la Cruz, A. and J. Benedicto (2009)

Waste $26 Perrot-Maitre, D. and P. Davis (2001)

Water $0.03 Anielski, M. and S.J. Wilson (2005)

Water $210 Brenner-Guillermo, J. (2007)

Water $49 De la Cruz, A. and J. Benedicto (2009)

Total Ecosystem Services $200
■

Costanza, R., et al., (1997)

Note: Values have been adjusted from original studies to 2017 dollars per acre per year and rounded to two significant 

figures.
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Agriculture

Agricultural lands provide numerous ecosystem services to nearby residents and the environment in 

addition to food production. (Food productivity is evaluated in Chapter 2. Potential Effects on 

Industries.) Most notably, agricultural lands provide regulating services for wildlife, hydrology, and 

climate (Swinton et al., 2007). For example, agricultural lands help to keep pollinators, pests, and natural 

pathogens in a healthy balance. Managing wildlife and biological pests is critical for maintaining food 

supplies (Pimentel et al., 1997). Agriculture also improves soil retention and formation and, if proper 

tillage methods are practiced, reduces runoff and allows for greater infiltration of water into the soil. In 

turn, infiltration of runoff makes more water available for plant growth and increases groundwater 

recharge. Well-managed agricultural lands can also increase soil fertility and help to prevent natural 

hazards such as floods and landslides by trapping water in the soil (Swinton et al., 2007). In this way, the 

benefits of agricultural land extend beyond food production and include benefits to habitats and 

watersheds.

Table 3 provides a list of ecosystem services for agricultural land and their values. Because the 

productive value of agricultural land is accounted for in a later section of this analysis (2. Potential 

Effects on Industries), the ecosystem services below do not include food production.

Table 3. Ecosystem Services Values for Cultivated Land

Ecosystem Service
Value (2017 

USD/acre/year)
Source

Biological Control $16 Brenner-Guillermo, J. (2007)

Erosion $28 to $75 Pimentel, D., et al., (1995)

Gene pool $1,100 Brenner-Guillermo, J. (2007)

Pollination $10 Brenner-Guillermo, J. (2007)

Recreation $19 Brenner-Guillermo, J. (2007)

Soil fertility $120 Pimentel, D., et al., (1995)
1

Waste $140 Perrot-MaTtre, D. and P. Davis (2001)

Total Ecosystem Services $61 Costanza, R., et al., (1997)

Note: Values have been adjusted from original studies to 2017 dollars per acre per year and rounded to two significant 
figures.

Surface Water

Rivers, streams, and lakes all provide ecosystem services in the DRB. In fact, the hydrologic features of 

the DRB are one of its key defining characteristics, and the ecosystem services provided by surface 

waters of the DRB are critical to the health and function of the region. Rivers, streams, and lakes are 

critical habitats for many animals native to the DRB. Surface waters provide breeding, nesting, and 

feeding grounds for waterfowl, fish, shellfish, reptiles, and amphibians. These include commercial and 

game species as well as non-game, threatened, and endangered species. These surface water habitats
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and the species that use them are integral to ecosystem health in the DRB (Delaware River Basin 

Commission, 2013). By supporting the food chains of which these animals are a part, open water 

habitats help to preserve biodiversity (Industrial Economics, 2011). Healthy surface waters also provide 

natural water filtration and can serve as sources of drinking water (Evans and Kiesecker, 2014). Although 

the DRB only accounts for 0.4 percent of land area in the continental U.S., it supplies drinking water to 5 

percent of the nation's population (Kauffman, 2011). Open water also has cultural significance as a 

source of recreational activities such as boating, fishing, and swimming, in addition to adding aesthetic 

value to landscapes (Keeler et al., 2012). Rivers, streams, and lakes are a significant aspect of the 

region's natural heritage.

Wetlands, which are often found near open water, provide important ecosystem services. In addition to 

their role as habitat for wildlife, wetlands act as natural water filters. They mitigate a number of 

pollutants, including nutrients (i.e., nitrogen and phosphorous) entering the water via runoff from 

application of fertilizers for agriculture. By mitigating nutrient inputs, wetlands can increase water 

clarity, thus improving the quality of downstream surface waters (Keeler et al., 2012). Wetlands also 

help to mitigate flooding and control the transport of sediment. They absorb overflow from flooded 

rivers and streams and can thus reduce property damages from flooding events (Industrial Economics, 

2011). Furthermore, around 30 percent of all organic carbon is stored in wetlands. They naturally 

sequester carbon from the atmosphere, aiding in climate stability (Industrial Economics, 2011). Table 4 

provides a list of wetland ecosystem services and their corresponding values from the literature.

Table 4. Ecosystem Services Values for Wetlands

Ecosystem Service Value (2017 USO/acre/year) Source

Climate $160 Brenner-Guillermo, J. (2007)

Cultural service [general] $5.20 - $1,200 Brenner-Guillermo, J. (2007)

Extreme events $110-$4,700 Brenner-Guillermo, J. (2007)

Gene pool $150 Brenner-Guillermo, J. (2007)

Gene pool $8.10 Donaghy et al. (2007)

Soil fertility $110 Gren et al. (1995)

Waste $1,100 Brenner-Guillermo, J. (2007)

Waste $27 Gren etal. (1995)

Waste $5,000 Meyerhoff and Dehnhardt (2004)

Waste $180 Gren and Soderqvist (1994)

Waste $220 Lant and Roberts (1990)

Water $2,000 - $2,500 Brenner-Guillermo, J. (2007)

Water flows $3,900 Brenner-Guillermo, J. (2007)

Note: Values have been adjusted from original studies to 2017 dollars per acre per year and rounded to two significant 

figures.
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The DRB supports critical water habitats in its streams, rivers, and lakes, including 400 miles of 

designated National Wild and Scenic River; less than one percent of U.S. river miles have received such 

designation (National Park Service, 2012). The mainstem of the Delaware River is one of the largest 

stretches of river unimpeded by a dam east of the Mississippi River, and it provides significant habitat 

and ecosystem benefits to its native inhabitants, including productive cold-water fisheries that are 

important to native trout populations (National Park Service, 2012; Woidt Engineering and Consulting, 

2017). However, freshwater ecosystem services values were difficult to identify compared to other 

ecosystems crossed by the pipelines. Notably, we were unable to identify a value for the habitat or 

biodiversity protection offered by freshwater ecosystems in comparable locations. Therefore, the 

ecosystem services values for freshwater ecosystems provided in Table 5 may underestimate the true 

value of water in the DRB.

Table 5. Ecosystem Services Values for Freshwater

Ecosystem Service
Value (2017 

USO/acre/year)
Source

Various $1.1 Loomis, J., et al., (2000)

Water $530 Brenner-Guillermo, J. (2007)

Recreation $460 Brenner-Guillermo, J. (2007)

Recreation $150 Postel, S. and S. Carpenter (1997)

Waste $11 Gibbons, D.C. (1986)

Note: Values have been adjusted from original studies to 2017 dollars per acre per year and rounded to two significant 
figures.

Grassland and Shrubland

Shrubland and open ecosystems such as fields and grasslands are crucial components of the regional 

ecosystem. Grasslands and shrublands are nesting and feeding habitats for a diverse array of species. In 

Pennsylvania and New Jersey, these include several species of endangered birds, mammals, and reptiles 

(Pennsylvania Game Commission, 2018; New Jersey Division of Fish & Wildlife, 2018). Grassy biomes 

also play an important role in nutrient cycling in soils and natural filtration of groundwater.

Furthermore, grasslands and shrublands have been shown to sequester as much carbon underground as 

forests do (Veldman et al., 2015). Finally, open lands are important community resources for outdoor 

recreation, including hiking, biking, and picnicking, and they increase the aesthetic amenity value of local 

landscapes (Delaware Valley Regional Planning Commission, 2011). The proposed PennEast pipeline 

route would disturb approximately 52 acres (permanent) and 64 acres (temporary) of easements that 

preserve open space.

Table 6 lists a range of ecosystem services values for grasslands. According to these studies, erosion and 

water purification have the highest potential value of the ecosystem services provided by grasslands.
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Table 6. Ecosystem Services Values for Grasslands

Ecosystem Service
Value (2017

U SO/acre/year)
Source

Biological Control $16 Brenner-Guillermo, J. (2007)

Climate $3.7 Brenner-Guillermo, J. (2007)

Climate $0.03 to $0.78 Sala, O.E. and J.M. Paruelo (1997)

Erosion $18 Barrow, C.J. (1991)

Erosion $19 Brenner-Guillermo, J. (2007)

Erosion $28 Ministerie van Landbouw, Natuur en Voedselkwaliteit (2006)

Erosion $70 Sala, O.E. and J.M. Paruelo (1997)

Pollination $17 Brenner-Guillermo, J. (2007)

Soil fertility $3.7 Brenner-Guillermo, J. (2007)

Waste (water purification) $57 Brenner-Guillermo, J. (2007)

Waste (water purification) $7.2 to $79 Ministerie van Landbouw, Natuur en Voedselkwaliteit (2006)

Water flows $2.6 Brenner-Guillermo, J. (2007)

Note: Values hove been adjusted from original studies to 2017 dollars per acre per year and rounded to two significant 
figures.

Table 7 provides a list of ecosystem services for woodland and scrub or shrub ecosystems. The source 

data set for these values did not distinguish between woodlands and scrub or shrub ecosystems. 

Without a more comprehensive set of data, we are using the ecosystem services values for woodlands 

and scrub or shrub ecosystems as representative of the scrub or shrubland in our GIS land cover 

analysis. Once again, water purification is the ecosystem service with the highest potential value, but 

the range is high, with a low estimate of $0.12 per acre per year. Climate regulation is another 

potentially high-value ecosystem service provided by scrub or shrublands.

Table 7. Ecosystem Services for Woodland and Scrub/Shrub

Ecosystem Service
Value (2017 

USD/acre/year)
Source

Air quality $46 Ministerie van Landbouw, Natuur en Voedselkwaliteit (2006)

Climate $220 Ministerie van Landbouw, Natuur en Voedselkwaliteit (2006)

Erosion $28 Ministerie van Landbouw, Natuur en Voedselkwaliteit (2006)

Waste (water purification) $0.12 to $400 Ministerie van Landbouw, Natuur en Voedselkwaliteit (2006)

Medical $1.5 Rausser and Small (2000)
|

Medical $0.00 Rausser and Small (2000)

Note: Values have been adjusted from original studies to 2017 dollars per acre per year and rounded to two significant 
figures.
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2. Potential Effects on Industries

Key Findings

■ The economic value of farmland disturbed by the PennEast and Mariner East 2 

pipelines totals approximately $4 million based on average farm real estate 

values in Pennsylvania and New Jersey.

■ The proposed PennEast pipeline route passes through Baldpate Mountain, an 

important bird area that supports numerous migrating and breeding bird 

species, including 28 species ranked by the American Bird Conservancy as 

birds of conservation concern. In total, the PennEast pipeline would cross or 

come within 100 feet of six IBAs and the Mariner East 2 pipelines cross or 

come within 100 feet of four IBAs in the DRB.

■ Some of the region's most popular outdoor recreational areas would be 

crossed by the PennEast pipeline. Acute effects of blasting, noise from heavy 

machinery, and other construction activities have been shown to be highly 

disruptive to wildlife in this zone and may significantly reduce or eliminate 

wildlife-based activities during the construction period. Mariner East 2 and 

PennEast could cost recreation goers approximately $2.8 million in lost 

recreation enjoyment as the pipelines are constructed.

■ Recent studies suggest that transmission pipelines reduce property values in 

the short term. Pipeline construction has also been demonstrated to have 

detrimental effects on the quality or value of the property as a result of 

contaminated wells, alterations to the land, and proximity to the pipelines and 

operating equipment. Proximity to pipelines may also affect insurance rates or 

availability.

Agriculture

The pipeline routes cut through a sizeable amount of agricultural land, disrupting farmland during 

construction and possibly damaging farms during operation. Construction is the activity that will likely 

have the largest immediate impact on agricultural production because it will render that part of the 

ROW unusable during construction. Additionally, the time of year during which construction occurs may 

affect the land use beyond just the time it takes to build the pipeline; depending on the crop and 

season, some areas may not be suitable for growing crops until the next growing cycle. Once farmers do 

regain use of their land following construction, they may find it difficult to restore to its previous 

productive capacity because the soil will have been compacted by heavy machinery (Hamza and 

Anderson, 2005). According to our analysis, PennEast and Mariner East 2 will collectively disrupt
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approximately 390 acres of cultivated land and 150 acres of pasture or grassland that is currently in 

agricultural use in the DRB. Approximately 135 acres of cultivated land and 58 acres of pasture or 

grassland will be in the permanent ROW.

In Pennsylvania, the average value of farm real estate is $5,600 per acre, with approximately $6,000 per 

acre for cropland and $2,800 per acre for pasture (USDA, 2017a). In New Jersey, those land values are 

higher; the average value of farm real estate is $12,800 per acre, cropland is $13,000 per acre, and 

pasture is $12,500 per acre (USDA, 2017a). Using CIS data from this analysis, this equates to 

approximately $4 million of property value disturbed by the pipelines. Although these values do not 

directly translate into costs associated with the pipelines, they demonstrate the economic value of 

farmland that would be disturbed by the pipelines. During field studies for the PennEast pipeline route, 

active cropland observed along the ROW grew corn, soybeans, and hay. In 2017, Pennsylvania's corn 

was valued at $3.80 per bushel, soybeans were valued at $9.34 per bushel, and hay was valued between 

$160 and $177 per ton (USDA, 2017b). In 2017, the economic productivity per acre of corn was $612; 

soybeans, $444; and hay $496 in Pennsylvania (USDA, 2017c). Figures estimating the net revenue after 

costs were not available.

While construction poses the most visible and immediate disturbance to agricultural lands, the pipeline 

may also have long-term effects on agricultural productivity. According to the PennEast Environmental 

Impact Statement (EIS), the company will take steps to mitigate any long-term damage to the 

agricultural productivity of the pipeline ROW. However, mitigation efforts do not completely eliminate 

all damaging effects of pipelines, and there may be long-term effects on productivity. For example, 

changes in soil quality may reduce the long-term productivity of the crops. There is evidence that 

pipeline ROWS have increased heavy metal contamination in the soil, including chromium, cadmium, 

copper, nickel, lead, and zinc (Shi, et al., 2014).2 Studies have also shown that erosion can reduce 

agricultural production and subsequent economic output (Panagos, et al., 2018). Topsoil typically has a 

higher soil water capacity, the loss of which contributes to increased water stress in crops (National Soil 

Erosion-Soil Productivity Research Planning Committee, 1981). Additionally, it contains a higher 

concentration of plant nutrients than subsoil, and its depletion necessitates additional fertilization 

(National Soil Erosion-Soil Productivity Research Planning Committee, 1981). The PennEast EIS indicates 

that topsoil will be replaced on agricultural land after construction is complete, but the effects of 

disturbing topsoil are unknown.

Few domestic studies have been conducted on the health of crops grown directly above the pipeline 

during ongoing operations, and there is no conclusive evidence on whether the pipelines do or do not 

have an effect on crop productivity. However, a handful of studies have identified potential effects. For 

example, once soil has been compacted by heavy machinery, it is difficult to restore agricultural land to 

its previous productive capacity (Hamza and Anderson, 2005). One study in central New York found that 

crops appeared to grow at higher rates when directly over the pipeline. The authors theorized that this

2 It is worth noting that this study was conducted in China. The risk of heavy metal contamination may be affected 
by pipeline construction practices, which may be different in the U.S. and China.

18

Flynn Exhibit Page 565



CADMUS
may result from soil temperatures being affected by gas running through the pipeline, increased soil 

water content from moisture collecting along the pipeline, or promotion of plant growth by cathodic 

action (Fisher, et al., 2000). While these effects can spur increased plant growth directly above the 

pipelines, the faster growth rate may not be universally beneficial, such as when it causes faster 

maturation in wheat plants (Fisher, et al., 2000).

News articles have offered anecdotal, unproven accounts of negative effects of pipelines on plant 

growth. One Lancaster County, PA farmer claimed that crop yields in areas in a permanent ROW 

containing two pipelines are noticeably lower than in other areas of his farm (Crable, 2014). Limited to 

anecdotal evidence, it is not possible to determine whether the operation of a pipeline reduces 

productive output of crops grown on the ROW. There is no conclusive evidence demonstrating that 

agricultural productivity is unharmed. The PennEast Pipeline Company, LLC has indicated it plans to 

measure crop yields prior to and after pipeline installation until yields have returned to normal, which 

they estimate will occur within three years. The company indicated it would compensate farmers for 

losses in yield (PennEast Pipeline Company, LLC, 2015a).

Logging

Pipeline construction could have detrimental effects on the region's logging industry, which is a 

significant source of economic productivity. As the nation's largest producer of hardwood lumber, 

Pennsylvania depends on logging for employment and tax revenue, particularly in rural communities 

(Jacobson, 2004). Production in Pennsylvania alone is valued at over $10 billion a year (Lord, 2013). 

Industry output is high because the region's forests contain valuable species such as red oak, maple, 

black cherry, yellow-poplar, and white oak (Forest Service, 2017). According to our analysis, the 

proposed PennEast pipeline route will cut through approximately 800 acres of forest (of which 337 are 

permanent), and the Mariner East 2 pipelines will disturb 204 acres of forest (of which 111 acres are 

permanent). However, we do not know the extent to which this land is used for logging. For any areas 

that are used for logging, the permanent acres will remain clear-cut for the permanent right-of-way, and 

aboveground facilities and logging will not be possible after construction of the pipeline.

After construction has ended and the temporary right-of-way is revegetated, the forest that regrows will 

not be the same as the forest that was cleared. It takes decades for trees to reach the maturity at which 

they could be harvested again, and unless hardwoods are replanted, species that voluntarily grow will 

likely be less valuable soft woods. Clear-cutting also provides a potential foothold for fast-growing 

invasive plant species to take root and suppress the growth of native species (Eggert, 2016). 

Furthermore, the permanent ROW is a long-term disturbance to forested lands. As previously discussed, 

cutting through wooded areas fragments forests into smaller tracts, thus reducing the area of "core" 

interior forest. This creates micro-climates along the right-of-way that act as a barrier to some plant 

species, effectively breaking the forest up into smaller sections. Fragmented forests are less equipped to 

respond to changes in temperature and rainfall caused by climate change and are less suitable for more 

highly valued species (Forest Service, 2017). Over time, fragmentation leads to a reduced quality of 

forest products, which could directly affect the market for Pennsylvania and New Jersey timber (Forest 

Service, 2017). The extent of damage to the logging industry as a direct result of the Mariner East 2 and
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PennEast pipeline development is unclear, but these pipelines could result in some economic reductions 

to the logging industry, particularly the PennEast pipeline, which will disturb over 800 acres of forest 

area. Without more data on the extent to which the pipelines affect forests used for commercial logging, 

we are unable to develop cost estimates for the loss in logging productivity.

Recreation

The proposed PennEast pipeline will cross protected lands, including lands preserved in fee or under 

conservation easements, and may reduce the value of the region's outdoor recreation industry.

Common recreation activities in Pennsylvania's and 

New Jersey's protected areas include hiking, fishing, 

boating, hunting, and wildlife viewing. Wildlife- 

related recreation, which includes fishing, hunting, 

and wildlife-watching, was enjoyed by more than 4 

million people in Pennsylvania and more than 2 

million people in New Jersey in 2011 (U.S.

Department of the Interior et al., 2011). These 

recreation activities are associated with an 

estimated $2.8 billion of trip-related, equipment, 

and other related expenditures in Pennsylvania, and 

$2.3 billion in New Jersey (U.S. Department of the 

Interior et al., 2011). A four-hour visit to New Jersey 

state parks and forests was estimated to provide 

between $17 and $26 of economic value (Mates and 

Reyes, 2004). A study in Pennsylvania found that for 

every dollar invested in state parks in 2010, $12.41 

of income returned to the state (PA DCNR, 2012).

Additionally, canoeing, kayaking, and rafting support 

$86 million in gear rental and trip sales in the DRB.

The proposed PennEast pipeline route intersects 470 

acres of recreational, conserved, or preserved land 

in the DRB, of which nearly 270 acres will be dedicated to the permanent ROW. The Mariner East 2 

pipelines 18 acres of fee-protected land and conservation easements in the DRB, of which 9 acres are 

permanent. Some of the region's most popular outdoor recreational areas would be crossed by the 

PennEast pipeline including the Bear Creek Preserve, the Appalachian National Scenic Trail, Hickory Run 

State Park, the Lehigh River (which is a designated water trail and supports recreational kayaking and 

canoeing), Milford Bluffs, Horseshoe Bend Park, the Washington Crossing State Park, the Ted Stiles 

Preserve at Baldpate Mountain, and Weiser State Forest. Likely detrimental effects in these areas 

include poorer aesthetics during and after construction, and water, noise, and air pollution during 

construction. Figure 2 provides a map illustrating the protected areas and recreational trails that will be 

crossed by the Mariner East 2 and PennEast pipelines.

Importance of Preserved Land 

in Pennsylvania

A 2014 survey of nearly 600 Pennsylvania 

residents revealed a "strong desire to 

protect [the state's] wildlife, natural areas 

and resources." Many respondents "voiced 

concerns about the impacts of fracking, 

especially in terms of water pollution and 

forest fragmentation."

Overall, comments related to drilling and 

development reflected "concerns about the 

impacts of natural gas drilling on or near 

public land, more specifically forest 

fragmentation, water pollution and loss of 

open space." (PA DCNR, 2014)
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Bear Creek Camp
ORANGE. NY

LUZERNE. PA

VWd Creek (TNC)

PennEast Pipeline Designated Protected Areas

Mariner East 2 Pipeline 

Delaware River Basin 

Water (Reservoirs)

Recreation Trails

Mariner East 2 Trail Intersections

PennEast Trail Intersections

Fee-Protected - Local/Region 

Fee-protected - Federal 

Fee-protected - State

Easement- Open Space.’Conservation/Trust 

Easement - Agriculture 

Other Areas - Unknown 

Other Areas - Other/Private

Figure 2. Map of Protected Area and Recreational Trail Crossings by Mariner East 2 and PennEast 

Pipelines
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Wildlife Watching
Wildlife watching is a significant outdoor recreation activity in both states, generating approximately 

$1.3 billion in Pennsylvania and $1 billion in New Jersey in 2011 (U.S. Department of the Interior et al., 

2011). These estimates include trip-related expenditures, equipment expenditures, and other expenses 

(such as membership dues). Nearly 4 million people participated in wildlife-watching activities in 

Pennsylvania in 2011 (U.S. Department of the Interior et al., 2011). During pipeline construction, short

term effects that disrupt wildlife habitat will likely halt wildlife-related recreation activities within the 

"buffer zone," the total distance from the disturbance where effects will be felt (Jordaan, et al., 2009). 

The buffer zone is defined as 100 meters (equivalent to approximately 328 feet) on either side of the 

areas cleared for the pipeline. Acute effects of blasting, noise from heavy machinery, and other 

construction activities have been shown to be highly disruptive to wildlife within this zone and may 

significantly reduce or eliminate wildlife-based activities during the construction period. Figure 3 is a 

map of wildlife-based recreation demand along each of the pipelines.

According to PennEast's EIS, the proposed pipeline route crosses multiple Important Bird Areas (IBAs). 

We estimate that the PennEast pipeline would cross or come within 100 feet of six IBAs, and Mariner 

East 2 crosses or comes within 100 feet of four IBAs in the DRB.

Table 8. Important Bird Areas in the DRB Affected by PennEast and Mariner East 2 Pipelines

IBA State Type

PennEast

Hickory Run State Park PA State IBA

Kittatinny Ridge PA Global IBA

Musconetcong Gorge NJ State IBA

Everittstown Grasslands NJ State IBA

Sourland Mountain Region NJ Continental IBA

Baldpate Mountain NJ State IBA

Mariner East 2

Hay Creek PA Continental IBA

Middle Creek Wildlife Management Area* PA Global IBA

Great Marsh PA State IBA

Upper Ridley/Crum PA State IBA

’Middle Creek Wildlife Management Area is located along the edge but outside the DRB.

IBAs are identified by the National Audubon Society as critical habitat areas for birds. Notably, the 

PennEast Pipeline would cross Hickory Run State Park, which is a large area of contiguous forest that 

provides interior habitat for birds. The proposed PennEast pipeline route also passes through Baldpate 

Mountain, an IBA that supports numerous migrating and breeding bird species, including 28 species
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ranked by the American Bird Conservancy as birds of conservation concern (Washington Crossing 

Audubon Society, 2018). Pipeline construction through these sensitive bird habitats could result in 

wildlife displacement, disruptions to and elimination of nesting habitat, and long-term changes in 

habitat composition, particularly when in forested areas (FERC, 2017). In its EIS, PennEast identified 22 

bird species listed by the U.S. Fish and Wildlife Service as migratory birds of concern that may be located 

in the project area.

Hunting
More than 700,000 people spent over 18 million days hunting in Pennsylvania in 2011, corresponding to 

nearly $1 billion of expenditures in the state. In the DRB alone, the economic value of hunting was 

estimated to be $114 million per year (Kauffman and Hornsey, 2013). However, hunters, as well as 

wildlife and birdwatchers, may be forced into other tracts of land if populations of their target species 

diminish in the long term. Black bears have significant land requirements for their populations to thrive, 

and studies have shown that increased fragmentation via forest clearing and road construction in their 

habitat corresponds to diminished population sizes and increased mortality (Schoen, 1990). One study 

reported that bears have taken to avoiding roads and human disturbance (McGarigal, et al., 2005). As 

previously discussed, forest fragmentation increases edge forest and reduces core forest area. Some 

game species have been shown to prefer edge (such as deer and elk), and the ultimate long-term effect 

of pipeline development on hunting is unknown (McGarigal, et al., 2005).

Freshwater Fishing

Pipeline crossing construction has been shown to cause water quality degradation, including erosion and 

sedimentation, compromise biological habitat, and alter fish behavior and physiology (Levesque and 

Dube, 2007). Approximately 870,000 people participated in recreational freshwater fishing in 

Pennsylvania and 260,000 people New Jersey in 2011 (U.S. Department of the lnterior et al., 2011). This 

equates to more than 10 million freshwater fishing days in the states combined. In total, recreational 
fishing in Pennsylvania generated nearly $500 million of expenditures and$l.l billion in New Jersey 

(including expenditures related to saltwater fishing) in 2011 (U.S. Department of the Interior et al.,

2011).

Pipeline development has been shown to disrupt fish habitat and is likely to disrupt recreational fishing 

activities during construction. (A more detailed discussion of the effects of the pipeline on fish habitats 

is included in Chapter 3. Other Environmental Effects.) Researchers have demonstrated that there is an 

economic value associated with recreational fishing. One study found the average marginal value of 

individual fish in recreational fishing waters was $16.82 in 2003 dollars (Johnston, et al., 2006). Another 

study examined the marginal value of water quality for recreational activity along the Monongahela 

River in Pennsylvania and found that residents valued improvements in water quality to meet standards 

for boating at $35, fishing at $42, and swimming at $55 (1999 dollars, per resident), respectively (Wilson 

and Carpenter, 1999). Yet another study estimated the cost of lost access to a fishing site to be $19 to 

$23 per trip (Melstrom et al., 2015). Therefore, degradation in water quality and fish habitat as a result 

of pipeline construction and operation is likely to result in economic losses associated with recreational 

use of waterways.
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Penn East Pipeline 

Manner East 2 Pipeline 

Delaware R Basin 

Counties 

Water

Fee-protected Recreation Areas
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Recreation Demand Type

i 47.000 Scale [pMson-days/yr]

Bird Walching Recreation Demand 

Migratory Bird Hunling Recreation Demand 

Big Game Hunting Recreation Demand 

Freshwater Fishing Recreation Demand

Figure 3. Map of Wildlife-based Recreational Demand in Watersheds Crossed by the PennEast and 

Mariner East 2 Pipelines
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Value of Recreation per Person-Day

As demonstrated above, there are many ways to estimate the value of recreation. A common measure 

of recreational value is the value per person per day (per person-day) participating in a specific type of 

recreational activity. The U.S. Department of 

Agriculture's Forest Service estimated the 

economic value of a day of recreation for 

numerous outdoor-based recreation activities 

by geographic region. One potential use of 

these values is to estimate the costs 

associated with land management decisions.

The Forest Service's estimates represent the 

"monetary measure of the economic benefits 

received by an individual or group doing that 

activity" (Rosenberger, et al., 2017). The net 

economic value of recreation is "measured as 

the maximum amount the individual is willing 

to pay to participate in the activity, less the 

actual cost incurred by the individual to participate in that activity." This measure of value is not the 

same as the economic impact of recreation, which refers to the economic activity generated by 

recreation (e.g., entry fees, equipment, subscriptions). The value represented in the Forest Service's per 

person-day estimates are sometimes called the "consumer surplus," or the net value to the consumer of 

the activity. Table 9 lists the consumer surplus value per person-day of recreation activities in the 

Northeast region. These values can be used to understand the cost implications of policies or land uses 

that disrupt recreation activities, such as may be the case with PennEast and Mariner East 2. If 

construction of these pipelines disturbs wildlife activity in the buffer zone, people may choose not to 

participate in these wildlife-based recreation activities and will lose the equivalent of the values 

represented in Table 9.

Property Value

Our review of current research did not uncover any proven relationship between natural gas pipelines 

and local property values. However, pipeline construction has clear effects on properties during 

construction, including noise, air and water pollution, and aesthetics, and residents near the Mariner 

East 2 pipelines have reported difficulty when trying to sell their properties during construction 

(Maykuth, 2018). A recent study surveyed realtors, home buyers, and appraisers as a means of 

estimating the effects of natural gas pipelines on property values and found that 68 percent of realtors 

believed a pipeline nearby would negatively affect property value (Phillips, et al., 2017). Of those, 56 

percent believed a 5 to 10 percent decrease in value would result (Phillips, et al., 2017). Further, when 

asked about purchasing an otherwise desirable home that had a 36-inch transmission pipeline located 

on the property, 62.2 percent of homeowners determined that there was no price at which they would 

purchase the home, and 18.9 percent stated they would only purchase the property at an average of 21
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Table 9. Estimated Value of Recreational Benefits in 

the Northeast Region

Recreational Activity
Average Value Per 

Person Day (2017 USD)

Bird Watching* $73

Migratory Bird Hunting $41

Big Game Hunting $73

Freshwater Fishing $58

Source: Rosenberger et al., 2017 
’Average per person/day value for bird watching 
unavailable. This table uses the value for "Other 
Recreation."
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percent below its market price (Phillips, et al., 2017). In addition to the detrimental effects of nearby 

natural gas pipelines on property values, the study also identified the effects compressor stations can 

have on local real estate. When considering total property value effects in the ROW, in the evacuation 

zone, and near the compressor station, this study estimated a one-time loss of property value equal to 

approximately $160 to $170 million. It also estimated an annual loss in property tax revenue equal to 

approximately $3 million (Phillips, et al., 2017).

A potential short- and long-term effect of the pipelines is the risk of sinkholes. In fact, numerous 

sinkholes near private homes have been linked to the Mariner East 2 pipeline (PA Senate, 2018). A 

number of bedrock types exist along the pipeline route that can, over time, be dissolved by water. 

Examples include limestone and other carbonate rocks, gypsum, and salt beds (Dumm, et al., 2016). 

When water percolates through these rock types, it can slowly dissolve the rock and create open spaces 

underground. When the space below can no longer support the ground above, it collapses, creating a 

sinkhole. Landscapes where the limestone bedrock has undergone dissolution are referred to as karst. 

Pennsylvania is one of the seven most at-risk states for sinkholes, given its underlying limestone and 

widespread mining in the past (Dumm, et al., 2016). Central and eastern Pennsylvania have significant 

amounts of carbonate bedrock, making these regions particularly vulnerable (PA DCNR, 2015). Also, 

when pipelines of any type are located underground, precipitation can percolate into the trenches the 

pipes are buried in and flow along them. This can cause slow subsidence and collapse of the land around 

the pipeline (PA DCNR, 2015).

A study of Florida real estate found that properties located within a 0.25-mile radius of a sinkhole sold 

for 9 percent less than those not located near one (Dumm, et al., 2016). In the short term, construction 

activities associated with horizontal directional drilling (HDD) can also lead to sinkholes in karst areas; 

these activities can include water impoundment in reservoirs and stormwater retention basins, 

vibrations from equipment, and any other activities that affect hydrology (Smith and Sinn, 2013). In a 

study in Florida, Smith and Sinn (2013) also describe how sinkholes can be induced by HDD drilling due 

to erosion of already weakened soils by drilling mud or by erosion of soil-filled cavities in karst areas. 

These may be areas where the bedrock has already undergone dissolution; the added stress of HDD can 

trigger sinkhole formation.
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3. Other Environmental Effects

Key Findings

■ The cost of GHG emissions associated with operation of Mariner East 2 at one 

pump station and from operations at the Marcus Hook facility will be 

approximately $260 million. Using a high impact SC-C02, costs could be as 

high as $800 million for these facilities. These estimates do not include 

emissions associated with construction or many other pump stations along 

the pipeline and, therefore, underestimate of potential emissions from the 

Mariner East 2 pipelines.

■ Six federally-listed and 25 state-listed species face habitat disruption from the 

PennEast pipeline's construction and operation activities.

■ Pipeline ROWs contribute most to erosion and sedimentation in the natural 

gas development process, exceeding the erosion and sedimentation effects of 

well pads and roads.

■ The PennEast pipeline will result in 135 stream crossing in the ORB, and the 

Mariner East 2 pipelines have 72 stream crossings in the DRB. The PennEast 

pipeline would cross 80 streams with high value designations, and Mariner 

East 2 crosses 30 streams with high value designations. These crossings pose 

concerns for stream health, as well as trout and long-tailed salamander 

populations during both construction and operation.

■ Research indicates that open-cut, isolated, and horizontal directional drilling 

(HDD) stream crossing methods for pipeline construction have had damaging 

effects on channel morphology, water quality, and aquatic life and habitats. 

One study examined 54 HDD installations and concluded that half resulted in 

inadvertent returns (IRs) of drilling fluid. These IRs occurred most frequently 

within 200 feet of the HDD entry or exit point.

Greenhouse Gas Emissions

GHGs trap heat in the atmosphere by absorbing solar radiation after it reflects off of earth's surface. 

GHGs come from a variety of sources, both anthropogenic and natural, and they play an important role 

in temperature regulation on earth. Over time, increasing amounts of GHGs released into the 

atmosphere have driven alterations in global climate patterns, collectively referred to as global climate 

change. Carbon dioxide is the most common GHG emitted due to human activity, but other gases are
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considered GHGs, such as methane (CHU), nitrous oxide (N20), and fluorinated gases. Methane is a more 

effective GHG than carbon dioxide; current research suggests that methane is 28 to 36 times more 

potent than carbon dioxide per unit mass over 100 years (U.S. ERA, 2017). Release of methane into the 

atmosphere can occur via a number of natural processes such as anaerobic decomposition in wetlands, 

but most comes from human activities, including natural gas production and raising livestock. In fact, a 

recent NASA study found that the increases in global methane emissions are largely due to the oil and 

gas industry (United Nations, 2018). Therefore, methane release as a result of the natural gas industry is 

acknowledged as a significant climate change concern (Alvarez, et al., 2018; United Nations, 2018; 

Marchese and Zimmerle, 2018).

Methane release as a result of pipeline leakage, rupture, or intentional blowdowns at compressor 

stations can escape into the atmosphere at significant rates (Alvarez, et al., 2018). The ERA Greenhouse 

Gas Inventory estimate of methane leakage due to transmission and storage equaled 1.4 teragrams per 

year (Tg/y) in 2015, but recent research estimated methane emissions from gas transmission and 

storage to be approximately 1.8 Tg/y (Alvarez, et al., 2018). This estimate is nearly 30 percent higher 

than ERA'S estimate. The study found that overall national supply chain methane emissions equaled 13 

Tg/y, or 2.3 percent of the gross gas production nationwide and approximately 60 percent higher than 

ERA'S estimate (Alvarez, et al., 2018). There are also data from the federal PHMSA on Pennsylvania and 

New Jersey's methane emissions reported by pipeline operators from 2010-2017 that indicate specific 

leak and rupture events ranged in quantity from approximately 70 Mcf to 550,000 Mcf (Thompson, 

2017). Natural gas is often characterized as a cleaner alternative to coal due to its low C02 emissions 

relative to coal when generating electricity. However, methane leakage from natural gas operations 

narrows this gap in emissions because of its greater global warming potential (GWP). As noted above, 

the GWP for methane is 28 to 36 times that of carbon dioxide over the span of 100 years (U.S. ERA, 

2017). Furthermore, methane is a precursor to ozone, which is also a GHG.

In addition to methane leakage, the pipeline is expected to contribute GHG emissions from combustion 

activities during construction (e.g., combustion engines of construction vehicles and equipment) and 

operation of the pipeline and compressor station. These activities are expected to release CO2, N20, and 

methane, as described in the previous section. N20 has a GWP 265 to 298 times that of carbon dioxide 

over the same period. Finally, the PennEast pipeline will deliver an estimated 1.1 million dekatherms per 

day of natural gas to customers. Combustion of this gas will result in additional GHG emissions of 23.5 

million short tons (21.3 million metric tons) per year of carbon dioxide equivalence (C02e) (FERC, 2017). 

C02e is a standard unit for measuring carbon footprints and is calculated by multiplying the mass of a 

given compound by its corresponding GWP.

EPA has estimated the SC-C02, which is an estimate of the dollar value of damage done by a ton of C02 

emissions in a given year. First devised in 2010 by a working group of U.S. government agencies and 

since revised twice, the SC-C02 incorporates three different integrated economic models as well as the 

probability of rare yet costly catastrophic events (U.S. EPA 2016). The SC-C02 is a broad measure of the 

impact of C02 on society; it captures the changes in agricultural productivity, human health, property 

values, and energy system costs that result from increased emissions. The SC-C02also increases over 

time, meaning that the SC-C02 will be higher in future years than it is now. This increase is partly due to
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the fact that gross domestic product (GDP) grows over time and many economic models remain 

proportional to GDP, but also because future emissions are expected to produce larger incremental 

damages as physical and economic systems become more stressed. In other words, the destructive 

potential of carbon emissions will grow over time, and the SC-CO2 model is designed to take this 

compounding effect into account. Although it is as comprehensive as possible, the SC-C02does not 

include every physical, ecological, and economic effect caused by carbon emissions because some 

damages are difficult to quantify or lack the necessary research. As a result, SC-C02may underestimate 

the true social cost of carbon. EPA has estimated similar social costs for N2O and CH4. Over time, the 

social cost estimates associated with these gasses increases. The table below provides a selection of 
EPA's estimates.3 The differences in GWP are reflected in the social cost estimates in Table 10.

Table 10. Social Cost of Greenhouse Gas Emissions

Social Cost per metric ton (in 2017 USD)
Year of [ n— ------- r-------— - -------------------

Emission Low Medium High

(2.5% Discount rate) (3% Discount rate) (5% Discount rate)

Carbon Dioxide (CO2) 2020 $12 $42 $62

Carbon Dioxide (CO2) 2035 $18 $55 $78

Carbon Dioxide (CO2) 2050 $26 $69 $95

Nitrous Oxide (N2O) 2020 $4,700 $15,000 $22,000

Nitrous Oxide (N2O) 2035 $7,400 $21,000 $29,000

Nitrous Oxide (N2O) 2050 $11,000 $27,000 $37,000

Methane (CH4) 2020 $540 $1,200 $1,600

Methane (CH4) 2035 $900 $1,800 $2,300

Methane (CH4) 2050 $1,300 $2,500 $3,100

Source: Interagency Working Group on Social Cost of Greenhouse Gasses, United States Government, 2016

Forest Fragmentation and Ecosystem Impacts

As discussed throughout earlier chapters, pipeline construction and operation have numerous effects on 

existing land uses and the various ecosystems they support. Disruption of the habitats in these areas will 

have negative effects on plant and animal species that live in the regions along the pipeline route. 

Deforestation for the ROW and access roads is a large component of the habitat disruption, and while 

the fragmentation may benefit edge species, those species that require deep forest to thrive will find 

their range diminished.

J Note that U.S. EPA has proposed changes to these cost estimates and has set an interim social cost of methane at 

$55 per metric ton in 2020. This represents approximately 4% of the cost established by EPA in the table 
above.
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There are numerous federal and state threatened and endangered species that could be negatively 

affected by pipeline construction and long-term land use changes. Many of these species have specific 

habitat requirements and are already declining in population as a result of human development, climate 

change, and habitat loss. The permanent ROW of the proposed PennEast pipeline would degrade many 

acres of woodland and wetland habitat upon which these species depend.

Six federally listed species are located in areas that will be crossed by the pipeline (PennEast, 2016). 

These species are the endangered northeastern bulrush (Scirpus ancistrochaetus), the endangered 

Indiana bat (Myotis sodalis), the threatened northern long-eared bat (Myotis septentrionalis), the 

threatened bog turtle (Glyptemys muhlenbergii), the endangered dwarf wedgemussel {Alasmidonta 

heterodon), and the endangered rusty patched bumble bee (Bombus affinis). These species possess not 

only intrinsic value, but also value as contributors of ecosystem services. For example, northern long

eared bats are insectivores that prey directly on mosquitos, serving as a natural form of population 

control, and Indiana bats are known to consume at least six different species of agricultural insect pests 

(Kunz et al., 2011). Another federally endangered species, the rusty patched bumble bee, provides 

benefit through pollination. In the region, this bee species is known to pollinate a number of plants, such 

as the Prunus genus, which includes species such as plum, cherry, peach, and apricot trees (US Fish and 

Wildlife Service, 2018). In the DRB's aquatic ecosystems, the dwarf wedgemussel plays an important role 

as part of the food web and also as a natural water filter, removing pollutants and small particulate 

matter from the water as it filters for oxygen and food (US Fish and Wildlife Service, 2011).

PennEast, in consultation with the Pennsylvania and New Jersey U.S. Fish and Wildlife Service field 

offices, conducted field surveys to evaluate the potential effects of construction and operation of the 

PennEast pipeline on six endangered species. Table 11 lists these species and the potential impacts they 

face.

Table 11. Endangered and Threatened Species Along the PennEast Pipeline Route

Species
Federal

Status

Location of Concern 

in the Project Area
Preferred Habitat Potential Impacts

Indiana bat Endangered All counties

Caves or mines in 
the winter; 

dead/dying trees or 
trees with 

exfoliating bark in 
the summer

Indiana bat could be adversely affected 
by construction-related tree clearing 

possibly resulting in removal of 
maternity roost tree, change in 

characteristics to foraging habitat, 
mortality of bats roosting in a tree, and 
reduction of summer roosting habitat. 
Noise, vibrations, and lighting during 

construction could disturb bats during 
hibernation or lead to behavior 

changes during active season. (Survey 
did not capture any Indiana bats in PA 

or NJ.)

Dwarf
wedgemussel

Endangered
Delaware River and

tributaries

Muddy sand in 
shallow, clear 

waterbodies with 
slow to moderate

currents

Inadvertent drill mud and drill fluid 
releases from HDD may impact 

waterbody habitat.
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Species

Federal

Status

Location of Concern 

in the Project Area
Preferred Habitat Potential Impacts

Northern long
eared bat

Threatened All counties

Caves or mines in 
the winter; 

dead/dying trees or 
trees with 

exfoliating bark in 
the summer

Northern long-eared bat could be 
adversely affected by construction- 

related tree clearing possibly resulting 
in removal of maternity roost tree, 

change in characteristics to foraging 
habitat, mortality of bats roosting in a 

tree, and reduction of summer roosting 
habitat. Noise, vibrations, and lighting 
during construction could disturb bats 
during hibernation or lead to behavior 
changes during active season. (Survey 
identified two hibernacula within 0.25 

miles of the project and one 
hibernaculum just outside 0.25 miles of 

the project.)

Bog turtle Threatened

Wetlands of 

Northampton and 
Carbon Counties in 

PA, and the 
Aquashicola 
watershed of 

Carbon County in
PA.

Wetland bogs with 
deep organic soils 

and spring-fed 
hydrology; typically 
with open canopy 

and minimal woody 
species

Bog turtles could be injured or killed as 
a result of construction equipment and 

activity. Habitat disruption and 
alteration including changes to wetland 
hydrology and soil compaction during 

construction and operation of the 
pipeline.

Rusty patched 
bumble bee

Endangered All counties in PA

Grasslands and 
tallgrass prairies 
with available 

flowers for food, 
underground 
cavities and 

aboveground grass 
clumps for nesting, 

and undisturbed soil 
for overwintering.

Colony destruction during construction, 
vegetation clearing, and ROW and road 

development. Noise, vibration, and 
lighting during construction may also 

cause disturbance to hibernating bees 
and/or behavior changes. However, 
long-term maintenance of the ROW 

could expand bee habitat.

Northeastern
bulrush

Endangered
Carbon County in

PA

Small wetlands, 
sinkholes, or wet

Direct removal or destruction of plants 
during construction and alteration of 

habitat. Conversion of preferred 
forested wetland habitat to emergent

depressions habitat and potential adverse effects 
on groundwater hydrology from 

surface compaction.

Source: PennEast, 2016 and FERC, 2017

In addition to the six federally listed species, the PennEast EIS identified an additional 25 state-listed 

species that are threatened or endangered and may be found along the pipeline's proposed route. 

These include four mammals (northern flying squirrel, bobcat, Allegheny woodrat, eastern small-footed 

bat), six reptiles and amphibians (timber rattlesnake, eastern redbelly turtle, wood turtle, northern 

cricket frog, long-tailed salamander, southern gray tree frog), 11 birds (American kestrel, barred owl, 

bobolink, grasshopper sparrow, osprey, red-shouldered hawk, savannah sparrow, red-headed 

woodpecker, American bittern, vesper sparrow, long eared owl), and four invertebrates (brook 

snaketail, yellow lampmussel, tidewater mucket, triangle floater) (FERC, 2017). Many of these species
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depend on specialized habitat found in the DRB and will likely face additional stress from the pipeline's 

construction and operation.

Water Quality and Freshwater Habitats

The three primary stream characteristics affected by pipeline construction are channel morphology, 

water quality, and aquatic life health and habitat. Pipeline construction has been shown to change 

stream morphology by deposition of eroded sediment in the stream channel or by channel scour due to 

increased runoff associated with land clearing. Pipeline construction has also been shown to degrade 

water quality as a result of changes in temperature, dissolved oxygen, total dissolved solids (IDS), 

nutrients, turbidity, and more as a result of activity near, in, and/or below the waterway. Construction 

that modifies fish habitat and changes water quality will harm fish health. Suspended sediment in 

particular can reduce distribution and abundance of fish by damaging their gills (Levesque and Dube, 

2007).

There are instances where the pipeline routes directly cross streams, lakes, wetlands, and other bodies 

of water. In these instances, risks of water contamination from construction are higher. Although there 

are a variety of methods of constructing stream crossings, any method (open-cut, isolated, or HDD) 

poses threats to the local aquatic ecosystem (Levesque and Dube, 2007). Open-cut water crossings 

involve digging a trench directly across the stream and its banks, laying the pipeline, and backfilling. This 

can be accomplished with either the "wet-ditch method," where construction occurs in the flowing 

stream, or the "dry-ditch method," in which flume pipes redirect the water through the excavated area 

and sandbag dams are created both up- and downstream of the construction to ensure dry conditions 

(PennEast Pipeline Company, LLC, 2014). Both methods cause a number of changes to the water quality 

and local ecosystems. Excavation of the streambed and the associated disruption and erosion of 

streambanks often result in altered stream morphology and elevated sediment levels downstream 

during construction and for a period of time afterwards (Reid and Anderson, 1999). This increased 

sedimentation has been shown to adversely affect downstream ecosystems that require lower water 

turbidity levels. Additionally, construction within the stream and along its edges negatively affects local 

ecosystems through habitat destruction. This can affect numerous organisms such as macroinvertebrate 

populations, which comprise the basis of the aquatic food chain (Reid and Anderson, 1999).

Stream crossing construction using HDD has resulted in many cases of groundwater and surface water 

contamination from the release of drilling fluids. As of November 2018, the Pennsylvania Department of 

Environmental Protection (PA DEP) has issued 94 notices of permit violations and nearly $13 million in 

fines to Sunoco for violations related to the Mariner East 2 pipeline. Among the violations are 

inadvertent returns (IRs) from HDD resulting in thousands of gallons of drilling fluids flowing into 

streams, lakes, and wetlands (PA DEP, 2018a). These IRs of drilling fluids have contaminated drinking 

water sources, as discussed in more detail in Chapter 6. Case Study on the Real Impacts of the Mariner 

East 2 Pipeline.

IR is a type of spill where drilling mud travels through weak points in the rock during drilling. Areas 

where there are subsurface cavities, fractures in the bedrock, or loose soils are most vulnerable to IR
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(Litvak and Legere, 2018). A 2008 study conducted by the Gas Technology Institute found that of 54 HDD 

installations, half had experienced IRs (Skonberg et al., 2008). The study found that IRs occurred most 

frequently within 200 feet of the HDD entry or exit point, but PennEast only evaluated wells within 150 

feet of the pipeline construction workspace (FERC, 2017). One example of an IR resulting from HDD 

occurred during construction of Energy Transfer Partners IP's (ETP) Rover pipeline. In April 2017, shortly 

after construction began, approximately two million gallons of drilling fluid spilled into wetlands in Ohio; 

ETP classified the spilled fluid as IRs as a result of HDD (Grzegorek, 2017). In response, Ohio EPA levied 

fines totaling $2.3 million (Grzegorek, 2017). In January 2018, another 150,000 gallons were lost down a 

borehole in the same wetlands area in Ohio during HDD (NRDC, 2018). After both of these incidents, the 

Federal Energy Regulatory Commission (FERC) halted construction of the pipeline (NRDC, 2018).

During construction, the disturbance of topsoil near surface water increases the likelihood of erosion 

and sedimentation of local waterways, markedly increasing suspended sediment concentrations in the 

water. Pipeline ROWs are the largest contributor to erosion and sedimentation in the natural gas 

development process, exceeding the erosion and sedimentation effects of well pads and roads (Habicht 

et al., 2015). One study found that when utilizing the trench excavation method, peak suspended 

sediment concentrations reached as high as approximately 2,700 nephelometric turbidity units (NTU) 

(Reid and Anderson, 1999). For comparison, the study identified eight states with numerical turbidity 

limits associated with instream construction permits. These states' allowable instantaneous 

exceedances ranged from 10 to 50 NTUs (typically outside of the mixing zone or post-construction).

Water habitats near or in the path of the pipelines may be damaged by changes in water quality and by 

disturbances to the benthic environment (Levesque and Dube, 2007). All downstream water systems, 

however, are put at risk by the pipeline. In the short term, suspended sediment loads spike during 

pipeline construction, which have been shown to harm freshwater organisms (Reid and Anderson,

1998). In the long term, pipeline water crossings have resulted in erosional problems, including 

permanent degradation of stream banks and riverbeds (Sawatsky et al., 1998). In fact, pipelines at water 

crossings are at a greater risk of rupturing because they are directly affected by flooding (Fogg and 

Hadley, 2007). Buried pipelines can become exposed due to river scour during flood events, bed and 

bank erosion, and river avulsion (the rapid abandonment of a river channel and the creation of a new 

river channel) in meandering channels (Sawatsky et al., 1998). Once exposed, the pipeline faces greater 

risks of corrosion and rupture, and there will be subsequent environmental and public safety 

consequences (Woidt Engineering and Consulting, 2017). Not only does a ruptured pipeline require 

remediation, which necessitates additional construction near the stream, but there may also be repairs 

to buffers such as articulated concrete blankets that cover the pipeline. These buffers can create a bump 

in the stream bottom, creating a barrier and altering the natural flow, which may fragment fish 

populations (Woidt Engineering and Consulting, 2017). Researchers conducted a preliminary inspection 

of PennEast's proposed stream crossings and determined that one third of the visited sites were 

deemed inadequate in their proposed cover depth, and one site was at risk of unstable channel scour, 

which could result in eventual pipeline rupture (Woidt Engineering and Consulting, 2017). Pipeline 

construction and operation therefore poses risks not only to the open water it crosses, but also to the 

downstream freshwater environments and the ecosystem services they provide.
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The proposed PennEast pipeline has over 250 stream crossings, dozens of which are habitat for wild 

trout (Woidt Engineering and Consulting, 2017). We estimate that there will be 135 stream crossings for 

the PennEast pipeline and 72 stream crossings for the Mariner East 2 pipelines (see Table 12). These 

crossings pose concerns for stream health as well as the health of trout and long-tailed salamander 

populations during both construction and operation (Savant, 2018; Woidt Engineering and Consulting, 

2017). In undisturbed streams, the substrate - or mix of stones, gravel, pebbles, and silt along the 

stream bottom - typically sorts by size, with smaller particles toward the bottom and larger gravel or 

stones on top (Woidt Engineering and Consulting, 2017). These larger stones require significantly 

stronger currents to move than the finer material underneath; this keeps the substrate intact. However, 

if the open trench method of pipeline installation is used and the substrate is not restored to the original 

sorted structure, smaller particles towards the top will be washed downstream much more easily. Flood 

events will mobilize significant amounts of sediment, deepening the stream channel and modifying flow. 

This condition has detrimental effects both upstream and downstream from the disturbed area, 

reducing water quality and harming local fish populations (Woidt Engineering and Consulting, 2017).

HDD is often used as a stream crossing method to minimize these effects. However, HDD is not a perfect 

solution to these problems given the 50 percent IR rate estimated by one study (Skonberg et al., 2008).

Table 12. Mariner East 2 and PennEast Pipeline Stream Crossings in the DRB

Summary of Stream Crossings Mariner East 2 PennEast

Total Stream Crossings 72 135

Crossings with HDD 31 25

Crossings without HDD 41 110

Crossings of Streams of High Value* 30 80

Crossings with HDD 6 16

Crossings without HDD 24 64

Crossings of Other Streams with Designation** 38 23

Crossings with HDD 19 2
Crossings without HDD 19 21

Crossings of Already Impaired Streams 38 4 _

Crossing of National Wetland Inventory Wetlands 7 35

Note: Stream crossings include roads.
* Streams of High Value include streams designated as EV or EQ in Pennsylvania and Cl in New Jersey.
**Other Streams with Designation include CWF and TSF streams in PA not already classified as EV or Ed and TM or 
TP streams in NJ not already classified as Cl.

Pennsylvania and New Jersey use stream designations to identify high quality streams or streams for 

designated uses. Stream designations vary depending on each state's regulations. In Pennsylvania, a 

stream can be classified as High Quality Waters (HQ) if its chemistry supports a healthy community of 

aquatic organisms. It can be classified as Exceptional Value Waters (EV) if it is located in a protected 

area, is of important recreational value, or is in near-perfect condition. Pennsylvania streams are also
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classified depending on whether they are protected for a designated aquatic life use. These uses are 

Warm Water Fishes (WWF), Trout Stocking (FSF), Cold Water Fishes (CWF), and Migratory Fishes (MF).

In New Jersey, streams are classified as FW2 if they are freshwater and not set aside for protection from 

all manmade influences. A category one water (Cl) is one that is protected from anti-degradation. It is 

designated for protection from any measurable changes in water quality because of its significance for 

ecology, recreation, water supply, or fisheries. It is protected for its aesthetic value (e.g., color, clarity, 

scenic setting) and ecological integrity (e.g., habitat, water quality, and biological functions). Streams in 

New Jersey can also be classified as trout producing (TP) or trout maintenance (TM), or as non-trout 

waters (NT). As discussed above, pipeline construction and stream crossings have been demonstrated to 

result in erosion, sedimentation, changes in stream morphology, and degradation of water quality and 

habitats for aquatic species. Thirty-three of the impaired streams identified along the Mariner East 2 

pipelines are impaired as a result of excessive siltation. Adding more sediment to those streams in 

runoff from the construction and long-term land use changes will cause even further impairment. Figure 

4 includes a map of stream crossings in the DRB for each pipeline.

According to our analysis, PennEast and Mariner East 2 have or will cross many high-quality streams (see 

Figure 4). In addition to their socio-economic benefits, ecologically healthy streams are instrumental for 

successful water quality restoration efforts elsewhere in a watershed by providing an environmental 

support system. In 2008, the Delaware River Basin Commission (DRBC) designated the lower Delaware 

River as Special Protection Waters (SPW) with the goal of protecting existing high-quality waters from 

the adverse impacts of point source and nonpoint source discharges. The DRBC's regulations prohibit 

any measurable change in the existing quality of SPW waters except towards natural conditions (DRBC, 

2017b). Many of the streams crossed by the Mariner East 2 pipelines are already considered impaired 

for aquatic life due to siltation from urban runoff and stormwater sewers. Although crossings of high- 

quality streams are of significant concern, crossings of impaired streams are still a concern because any 

additional erosion and sediment contribution from the construction or long-term presence of the 

pipelines would further exacerbate the impairment.
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PennEast Pipeline Stream Designated Use 
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Figure 4. Map of Stream Quality and Pipeline Stream Crossings
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4. Health and Safety

Key Findings

■ Numerous studies indicate that the cost of water treatment is directly related 

to turbidity. Additional sediment loading to the Delaware River may lead to 

additional costs for surface water treatment systems in order to manage 

sedimentation. Measures may involve more frequent dredging to maintain 

clear waterways and adjustments to the water treatment infrastructure or 

processes to address turbidity.

■ Overall, approximately 1.2 million individuals consume water from public 

water systems that could be at risk of contamination or degradation due to 

the PennEast and Mariner East 2 pipelines. Approximately 1,600 domestic 

wells could be at risk of contamination, and nearly 500 domestic wells are in 

close proximity to at least one of the pipelines.

■ PennEast estimates that the gas-powered Kidder Compressor Station would 

emit approximately 90 tons of NOx, 17 tons of CO, 5 tons of S02, 24 tons of 

PM10, 24 tons of PM2.5, and 2 tons of CH20 each year of continuous 

operation.

■ An independent analysis estimated that the total emissions release related to 

the development at Marcus Hook to service the Mariner East pipelines will 

result in approximately 63 tons of NO,, 163 tons of CO, 40 tons of SO,, 14 tons 

of PM, and 13 tons of PMio each year of operation.

■ The pipelines risk catastrophic failure by ignition or explosion. Between 2005 

and 2018, 29 fatalities and 133 injuries were sustained as a result of 

catastrophic failures of onshore gas transmission pipelines.

Drinking Water and Health Effects

Water quality degradation from pipeline activity has also affected drinking water. The DRB watershed 

provides drinking water for roughly eight million people living within the basin as well as approximately 

eight million more whose water is transported from the basin (Hanson and Habicht, 2016). Figure 5 

shows the path of the Mariner East 2 and PennEast pipelines relative to drinking water sources, 

including those supplied by groundwater and surface water. If drinking water sources were to become 

contaminated, as has already resulted from the construction of Mariner East 2, or well supplies 

diminished, there could potentially be health implications for the population served by those sources.
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PennEast Pipeline

----- Mariner East 2 Pipeline

Counties

C3 Delaware R Basin 
Reservoirs

USGS Forests to Faucets (2014)
Index of surface (kinking wafer importance

^ ^ ^

Potable Water Supply streams 
C3 Affected Water Supply watersheds 

PA Wells (domestic, water supply)
Distance torn Pipetne 

0 < 544 ft (~ Tier 1)

544 - 860 ft (- Tier 2)

„ 860-1310 ft ('Tier 3)

Within 1500 ft

NJ Wellhead Protection Areas
Tier 1 - 2-yr time of travel 

Tier 2 - 5-yr

Tier 3 - 12-yr

Figure 5. Map of Surface Water and Groundwater Sources Near the Mariner East 2 and PennEast 

Pipeline Routes
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Furthermore, additional sediment added to waterways can accumulate in reservoirs and reduce the 

quantity of water available to water systems over time. Removing sediment from waterways and 

storage facilities (i.e., reservoirs) can be expensive and may disrupt the availability of quality source 

water. The discussion below identifies potential health problems and treatment costs that could result 

from chemical contamination and sedimentation in drinking water sources.

Sedimentation and Turbidity Impacts on Surface Water Sources

One of the primary potential effects of pipeline construction and operation is increased turbidity in local 

waterways. Turbidity refers to the "muddiness" or "cloudiness" of the water from suspended solids such 

as dirt, clay, silt, finely broken-down organic matter, algae, and other microorganisms (Dearmont et al., 

1998). Turbidity increases as the amounts of these constituents in the water column increase. Activities 

such as deforestation and road construction are some of the most significant contributors to 

sedimentation and associated turbidity in forested watersheds (Warziniack et al., 2016). Sediment 

loading from streambank erosion also contributes to higher turbidity levels.

While increased turbidity has an aesthetic and ecological effect on impacted waterbodies, it also poses 

challenges for drinking water treatment systems that draw from those sources because it can mask 

other contaminants in the treatment process. This typically means additional or alternate treatment is 

needed to ensure public safety. These adjustments can include shorter filter run times, use of additional 

chemicals for coagulation and disinfection, and increased sludge production and removal, all of which 

may increase water system costs. For example, shorter filter run times require purchase of replacement 

filters more frequently. Also, increased chemical requirements result in increased chemical purchases; 

one study estimated that the additional chemical costs associated with elevated turbidity levels totaled 

approximately $74 per million gallons of water treated (Dearmont et al., 1998).

In addition to individual treatment components, numerous studies have evaluated the overall effects of 

land use change and related increased turbidity on overall water system treatment costs. For example, 

one study found that in northwestern Oregon, a one percent reduction in turbidity levels led to a 0.67 

percent decrease in water treatment costs (Warziniack et al., 2016). Another study estimated that if ten 

percent of an average watershed were converted from forest to developed land, annual treatment costs 

would rise from $2.52 to $20.48 per million gallons of water treated (Warziniack et al., 2016). Table 13 

provides several additional cost impacts cited in the literature. Although some of these sources may be 

dated, they demonstrate a widespread finding that increasing turbidity typically results in increased 

water treatment costs.

In addition to increasing turbidity, sedimentation also fills waterways reservoirs, necessitating expensive 

dredging. The Delaware and Raritan (D&R) Canal, managed by the New Jersey Water Supply Authority, 

faces significant costs to manage sedimentation in the waterway. Opened in June 1834, the canal was 

initially created for ease of goods transport through New Jersey (D&R Canal State Park, 2018). It now 

serves as a drinking water source for millions of central New Jersey residents who are supplied water 

originating from the Delaware River (New Jersey Water Supply Authority, 2017). Because its primary 

source is the Delaware River, the canal's water is affected by watershed alterations in the DRB, such as
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increases in sediment load resulting from deforestation and road construction. Drinking water 

treatment systems that rely on the canal's water are therefore affected as well. The PennEast pipeline 

will further increase sediment levels in nearby waterways, not only because of the impacts of multiple 

stream and wetland crossings, but because its cleared and compacted ROW will further increase erosion 

and sedimentation.

Table 13. Effects of Changes in Turbidity on Water Treatment Costs in the Literature

Change in Turbidity Effect on Costs Source

10% reduction in soil erosion 4% reduction

1

Forster, Bardos, and Southgate, 1987

1% increase in turbidity 0.25% increase in chemical costs Dearmont, McCarl, and Tolman, 1998

1% increase in turbidity 0.07% increase Holmes, 1988

1% increase in TOC in the average 
watershed

0.46% increase Warziniack et al., 2016

1% increase in TOC
$0.28 to $0.68 increase annually per 

million gallons treated
Warziniack et al., 2016

1% increase in forest cover
2% decrease in chemical treatment 

costs for systems in watersheds with 
50% forested cover

Ernst et al., 2004

The cost of maintaining a nearly 200-year-old canal as a public water supply is significant, due in part to 

the increased transport of sediment into the streams feeding it as development in the watersheds 

increases. The PennEast pipeline would cross six major streams flowing into the D&R Canal and would 

traverse the streams' watersheds. Two of the creeks that PennEast is proposing to cross, the Lockatong 

Creek and the Wickecheoke Creek, provide the majority of the flow into the canal above Trenton. These 

creeks are "flashy", meaning they quickly reach flood stage after a few hours of steady rain, causing 

serious erosion and sedimentation. After a major storm, these streams become dangerous rapids. Such 

rapid response to storm events is due to the underlying geology combined with land uses in their 

watersheds that create impervious surfaces (Kologie, 2002). The erosion associated with these events 

can damage infrastructure. For example, Lower Creek Road in Delaware Township is in danger of 

collapsing into the Wickecheoke due to erosion.

The Lockatong Argillite, which is the predominant bedrock in the watersheds feeding the D&R Canal, has 

such low porosity and permeability that it acts as an impervious cover itself. This geology makes these 

watersheds particularly sensitive to increased amounts of impervious cover (Kologie, 2002), which is 

expected with pipeline construction. The clearing and regrading of slopes, the compaction created by 

heavy equipment, and the construction sites necessary for HDD and pipe storage will create a large 

amount of new impervious surface. This will promote degradation of sensitive creeks, many of which are
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sources for drinking water. By adding impervious 

surface to the local watersheds, construction of 

the PennEast pipeline would exacerbate the D&R 

Canal's sediment loading problems.

The costs documented to address sedimentation in 

the D&R Canal are significant. Regular and ongoing 

mitigation of sedimentation in the D&R Canal is 

conducted at the Prallsville Lock, which is cleaned 

of debris about once per month. Approximately 

300 cubic yards of debris are removed annually, 

amounting to $200,000 in maintenance costs each 

year (USDA Natural Resource Conservation Service 

of the New Jersey Water Supply Authority, 2007). 

Once the debris is removed, it must be stored 

offsite, where the cost to dispose it is between $20 

and $80 per cubic yard. Additionally, unpredictable 

natural events such as hurricanes and floods 

increase the flow of sediment and debris to the 

Canal (USDA Natural Resource Conservation 

Service of the New Jersey Water Supply Authority, 

2007). The costs of events such as these could incre

Vulnerability of Regional 

Watersheds

"The degradation caused by impervious cover 

in the watershed is serious and often 

irreversible. It includes increased flooding, 

lower dry weather flows, widening of the 

creeks and stream bank erosion and 

sedimentation, increase in water temperature 

and pollutant loading, declines in fish habitat, 

aquatic insect diversity, and a decline in 

wetland plant and animal community 

diversity."

- The Lockatong and Wichecheoke 

Watershed Management Plan, 2002

se as there is more development in the watershed.

In 1985, 32 miles of the D&R Canal were dredged to remove 700,000 cubic yards of sediment (USDA 

Natural Resource Conservation Service of the New Jersey Water Supply Authority, 2007). The dredging 

effort cost approximately $20,100,000 and was expected to last 40 years (USDA Natural Resource 

Conservation Service of the New Jersey Water Supply Authority, 2007). Factored over its life expectancy, 

the dredging effort cost $1,205,000 annually. There is currently a new dredging project underway (New 

Jersey Water Supply Authority, 2017).

Once water reaches the intakes of the drinking water treatment plants served by the Canal, the 

increased sediment load affects the plants' ability to treat the water. Over the past 15 years, increased 

turbidity in the D&R Canal has necessitated increased chemical doses during water treatment and 

resulted in related increases in sludge created during treatment (USDA Natural Resource Conservation 

Service of the New Jersey Water Supply Authority, 2007). Poorer water quality during precipitation 

events used to affect the water treatment plants for two days; now the poorer water quality affects 

them for up to a week. Systems that draw water from the Canal typically spend $1,500,000 annually in 

treatment and waste residual (e.g. sludge) disposal costs (USDA Natural Resource Conservation Service 

of the New Jersey Water Supply Authority, 2007). In total, the cost of sedimentation in the D&R Canal is 

approximately $3 million each year. Additional sediment loading to the Delaware River is likely to 

increase the required frequency of dredging, may require costly water treatment adjustments for longer 

periods of time, and may increase the overall cost to manage sedimentation.
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The North Brunswick Treatment Plant 

received EPA's Partnership for Safe Water 

Program's Director's Award in 2015 

(American Water Contract Services Group,

2017). The award was granted for the 

system's optimization of facility operations 

and implementation of goals that are more 

stringent than those required by EPA and the 

state (American Water Contract Services 

Group, 2017). The plant received the award 

again in 2017. Because the Partnership for 

Safe Water's optimization goals require the 

system to produce water with lower finished 

water turbidity levels than required, changes 

in the source water quality entering the plant 

via the D&R Canal could reduce the North 

Brunswick Treatment Plant's ability to meet 

those goals.

Sedimentation in the D&R Canal

As sedimentation in the D&R Canal increases, 

the water depth decreases, allowing greater 

light penetration and providing increased 

habitat for aquatic weeds. Recently, hydrilla - 

an invasive aquatic plant - was found in the 

Canal and was determined to be reducing flow 

capacity and raw water quality. New Jersey 

Water Supply Authority initiated a 120-day 

herbicide treatment, to which New Brunswick 

Water Utility responded by implementing a 

temporary carbon-feed system to ensure a 

continued supply of safe drinking water (New 

Brunswick Water Utility, 2017)

Sedimentation and Turbidity Impacts on Groundwater Sources

In addition to surface water impacts, contamination of groundwater has been reported by homeowners 

near the Mariner East 2 pipeline. Water tests conducted by Sunoco revealed that well water had 

increased turbidity and elevated iron, affecting the taste and smell of the water (Burke, 2017). In 

response, Sunoco provided bottled water, water buffalos, and hotel rooms to affected households. The 

company also offered to connect households to a nearby public water system (PWS) and, according to 

news reports, offered a settlement of $60,000 to each household (Burke, 2017). Table 14 (next page) 

provides information on the estimated costs of these remediation actions.

Table 14. Alternative Water Supply Mechanisms and Associated Costs

Alternative Supply 

Mechanism
Description Associated Costs Source

If located close to an
existing main, construction 

of new connection lines
$10,000 - $50,000 Hughes, 2015

from the main to the 
affected residences and

$60,000 Burke, 2017

Connection to a Municipal 
Source

installation of water meters.

If not located close to an 
existing main, construction 

of a new water main to 
affected area and 

installation of connection 
lines to residences and new

$142.83 per foot for 6-10-inch 
diameter distribution mains 
$95.85 per foot for 6-10-inch 

transmission lines

U.S. EPA, 2010

water meters.
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Alternative Supply 

Mechanism
Description Associated Costs Source

Whole-House Treatment
Installation of a filtration 

device at a building's point 
of entry.

$2,120 - $5,782 per unit

$1,149 - $2,298 per 500,000- 

gallon unit
1

Pelican Water Systems, 
2019

Aquasana, 2019

Bottled Water

Replenishment of a well or 
an on-site water buffalo $150 - $300 per 2,500 gallons ABC News, 2014

with water that is trucked in.
Note: Values have not been adjusted and are presented as reported in original publications.

Chemical or Harmful Substance Contamination of Groundwater Sources

NGL pipelines pose risks to drinking water through groundwater contamination. When NGL pipelines 

leak or break, the compounds they transport, such as benzene and propane, may leak into groundwater, 

where they may persist for some time. Referred to as volatile organic compounds (VOCs), these 

contaminants are of significant concern when found in drinking water. For example, while benzene - a 

human carcinogen - does eventually biodegrade in groundwater systems, the rate at which it does so 

varies and is heavily dependent on local factors such as oxygen and nutrient levels or presence of other 

hydrocarbons (Agency for Toxic Substances & Disease Registry, 2007). In 2013, an NGL pipeline spill in 

Parachute, Colorado contaminated local soil and groundwater, with levels of benzene 3,600 times above 

the state's health standard (Stokols, 2013). The spill required extensive remediation (Finley, 2013).

Flomeowners relying on private wells may not test for certain contaminants - such as VOCs - that can 

reduce water quality. Residents may only detect water quality issues based on taste and odor, an 

approach that is not a reliable method for protecting public health. When wells are contaminated, 

installing treatment systems or relying on alternative water sources can minimize health effects. 

Treatment costs may increase depending on the type and extent of the contamination. In some cases, 

groundwater remediation may not be feasible, and it may be necessary for homeowners to connect to a 

nearby municipal water supply. In Dimock, PA, the estimated cost of extending the municipal water 

infrastructure to an affected neighborhood was $11.8 million (Dutzik, et al., 2012). This value does not 

include the costs in water fees homeowners incur once connected. Filtration is another potential 

solution to VOC contamination in groundwater. Filtration, typically using canisters containing activated 

carbon, can be installed at the home's point of entry or at one or more points of use, such as faucets or 

showerheads (Oregon Department of Fluman Services Public Health Division, Date Unknown). These 

filters require regular maintenance to ensure a continual supply of safe drinking water.

Although PWSs are required to test for VOCs, pipeline construction could exacerbate existing 

vulnerabilities. NJ American Water Company - Elizabethtown Division reported 88 well systems with 

high susceptibility to VOCs and 7 surface water systems with moderate susceptibility (NJ American 

Water Company - Elizabethtown Division, Date Unknown). Once municipal wellfields have been 

contaminated, PWSs must minimize health effects by installing new or enhanced treatment at the wells 

or in customers' homes, or they must provide alternative water supplies.
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Some researchers have also identified the potential for arsenic contamination in some areas along the 

PennEast pipeline. The geology in areas along the proposed PennEast pipeline includes rock that is rich 

in arsenic, and there is some concern that disturbance of these areas could release arsenic into 

groundwater. A letter submitted to the FERC argued that arsenic migration is possible as a result of 

construction activities such as drilling and blasting, and potentially during operation of the pipeline. 

Release of arsenic could result from changes in the pH, oxygen, and carbon levels in soils around the 

pipeline (Onstott, 2014). The likelihood of contamination is a topic of considerable debate—PennEast 

has claimed that the project would result in no significant threat of arsenic contamination in 

groundwater. If groundwater does become contaminated with arsenic as a result of the pipeline, 

additional water treatment may be needed. The cost of arsenic removal can vary. In one study, total 

capital investment costs for arsenic management technology ranged from $14,000 to $305,000 (Wang 

and Chen, 2011). Normalized costs ranged from $477 to $6,171 per gallon per minute of design capacity, 

and unit costs of total capital investment spanned from $0.09 to $1.11 per 1,000 gallons of treated 

water (Wang and Chen, 2011). Additionally, costs typically decrease as the system size increases, so 

small systems may face steeper unit costs.

Researchers have also expressed concern that the PennEast pipeline would pass through areas with high 

concentrations of radium. A letter submitted to the FERC raises concerns that activities associated with 

the PennEast pipeline would exacerbate existing radium groundwater contamination by mobilizing 

radium associated with the bedrock (Barringer and Onstott, 2017). The mechanisms by which this could 

happen are 1) creating a reducing environment due to cathodic protection on the pipe, leading to the 

dissolution of iron hydroxides to which the radium is adsorbed (thereby releasing the radium into the 

water as well as arsenic if present), 2) promoting microbial growth due to increased temperature, which 

would also contribute to the dissolution of iron oxides and release of radium, 3) exposing fresh rock 

surface to groundwater due to fracturing of the rock, and 4) contributing barium to the groundwater; 

barium will compete with radium for sorption sites on minerals, which will and favor radium remaining 

in the groundwater. The authors suggest that studies be conducted to assess the potential effect of 

pipeline installation and maintenance activities on the levels of radium in groundwater wells.

Research has not yet been conducted to evaluate the potential for HDD activities to affect the integrity 

of nearby water wells, including effects on the cement, casing, or other components. However, HDD will 

induce vibrations. Should vibration from HDD damage a water well, it could potentially establish a 

conduit for migration of fluids along the wellbore, and the potable aquifer may no longer be isolated 

from other formations. A 1980 study on the effects of blasting for mining looked for cases of damage to 

water wells in Appalachia. The authors did not find evidence of degradation of water quality, although 

there was a potential for a transient drop in storage capacity as the blasting increased the size of 

fractures (Berger and Associates, 1980).

Pipeline Safety Risks

The PennEast Pipeline would transport natural gas, and the Mariner East 2 transports NGLs, a type of 

hazardous liquid. Both pipelines are at risk of leaks, ruptures, and explosion, putting people and 

structures in the immediate vicinity of the pipelines at risk. The U.S. Department of Transportation
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Pipeline and Hazardous Materials Safety Administration (PHMSA) maintains a record of the natural gas 

and hazardous liquids pipelines in the U.S. These data are publicly available and include detailed records 

of the lengths of pipelines and the number of leaks of natural gas and releases from hazardous liquid 

pipelines, as reported by pipeline operators. Data for 2010 through 2017 indicate that approximately 

1,000 releases of hazardous liquids and 6,500 leaks of natural gas have occurred in the 8-year period 

(Table 15). This translates to approximately 0.0028 releases or leaks per mile-year of natural gas 

pipelines and 0.00064 releases or leaks per mile-year of hazardous liquid pipelines.

Table 15. Historic Frequency of Natural Gas Leaks and Hazardous Liquids Releases for Onshore

Transmission Pipelines (2010 - 2017)

Hazardous Liquids 
Pipelines

Natural Gas Pipelines

Total Mile-Years of Pipeline 1,539,182 2,348,419

Total Releases or Leaks 986 6,488

Releases or Leaks per Mile-Year of Pipeline 0.00064 0.0028

Source: U.S. DOT Pipeline and Hazardous Materials Safety Administration (2019)
Notes: Releases or leaks associated with equipment have been excluded from this analysis because above-ground 
equipment is not necessarily correlated to the length of pipeline and counts of equipment were not included in the
data set.

Pipeline failure can have devastating effects. These ruptures may occur for a variety of reasons, from 

physical disturbance to corrosion. Additionally, there are concerns that pipelines that cross streams, 

whether perennial, intermittent, or ephemeral channels, are at an increased risk of rupture due to 

floods and high flow events (Fogg and Hadley, 2007).

There is also a risk of catastrophic failure of natural gas pipelines by ignition or explosions. These events 

pose more significant immediate risks and may result in property damage, injury, or even loss of life. The 

probability of occurrence and severity of these events depend of factors such as the materials being 

transported, the type of pipeline failure, and the surrounding population and development density. A 

risk analysis of 20-inch Mariner East 2 pipeline estimated that the ignition probability ranges from 1.4 

percent for a 50 mm release at 3.4 kg/s to 100 percent for a full bore release at 1,586 kg/s (G2 

Integrated Solutions, 2018). From 2010-2017, four natural gas pipeline ruptures or leaks ignited in 

Pennsylvania, two of which then exploded. In one of those incidents, 12 people were evacuated and one 

was injured (Thompson, 2017). Most recently, Energy Transfer Partner's Revolution pipeline exploded 

on September 10, 2018, sending fire 150 feet into the air. The explosion destroyed one home (about 500 

feet from where the blast occurred), two garages, a barn, and several vehicles. There were no injuries as 

a result of the blast, but 25 homes were evacuated (Phillips and Frazier, 2018). Between 2005 and 2018, 

29 fatalities and 133 injuries were sustained as a result of catastrophic failures of onshore gas
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transmission pipelines. In the same timeframe, "significant incidents"4 associated with pipeline 

transmission have resulted in a reported $170 million dollars in costs to public property (i.e., property 

not owned by the pipeline operator) (U.S. DOT, 2019).

NGLs, like those transported by the Mariner East 2 pipelines, are hydrocarbons such as ethane, propane, 

butane, and others (U.S. Energy Information Administration, 2012). NGLs differ from liquid natural gas 

(LNG), which is natural gas that has been cooled and pressurized until it becomes liquid (Colaneri, 2013). 

NGLs are extremely flammable and can pose combustion threats in a variety of situations. Because these 

vapors are denser than air, they do not dissipate as easily as natural gas and thus can travel significant 

distances, potentially meeting a source of ignition and igniting, flashing back, or exploding (Conoco 

Phillips, 2012). This can occur both indoors and outdoors, and the product can float and become 

reignited on the surface of water (Conoco Phillips, 2012). Besides the hazards posed by ignition or 

explosion itself, combustion can produce hydrogen sulfide, carbon monoxide, and other hazardous 

gases that pose risks to human health (Conoco Phillips, 2012). High concentrations of hydrogen sulfide 

can pose serious respiratory health risks, such as pulmonary edema and respiratory paralysis (Conoco 

Phillips, 2012). Acute symptoms associated with an NGL leak include headache, drowsiness, nausea, 

vomiting, disorientation, and fatigue, while longer-term effects from prolonged exposure may include 

skin and eye dryness or irritation (Conoco Phillips, 2012). Benzene, which is one of the components of 

NGLs, may also pose human health risks in a leak due to carcinogenicity (Conoco Phillips, 2012). More 

information regarding safety issues associated with the Mariner East 2 pipelines can be found in Chapter 

6. Case Study on the Real Impacts of the Mariner East 2 Pipeline.

Air Quality and Health Effects

Pipelines require construction of a wide array of infrastructure types, from the pipeline itself to access 

roads, compressor stations, and more. These activities generate carbon dioxide (CO2), particulate matter 

(PM), and nitrogen oxides (NO*) from machinery such as diesel-powered trucks and off-road equipment. 

In large enough concentrations, combustion from these engines has the potential to reduce ambient air 

quality (Jackson, et al., 2014). The PennEast EIS also notes that carbon monoxide (CO), sulfur dioxide 

(SO2), and harmful VOCs such as formaldehyde (CH2O) will be emitted in association with pipeline 

construction and operation.

Once operable, the PennEast pipeline would use one new compressor station and tie into an existing 

compressor station in Lawrence Township, NJ. Natural gas-powered compressor engines can emit an 

array of pollutants, including CO2, CO, NO*, VOCs, PM, and potentially SO2 (Jackson, et al., 2014). 

PennEast estimates that the gas-powered Kidder Compressor Station would emit approximately 90 tons 

of NO*, 17 tons of CO, 5 tons of SO2, 24 tons of PMi0/ 24 tons of PM2.5, and 2 tons of CH20 each year of 

continuous operation (FERC, 2017). A study evaluating the potential effect of planned compressor

4 The PHMSA defines "significant incidents" as those that include a fatality or injury requiring in-patient

hospitalization; $50,000 or more in total costs; highly volatile liquid releases of 5 barrels or more or other 

liquid releases of 50 barrels or more, and liquid releases resulting in an unintentional fire or explosion.
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stations in four DRB counties found that 20 planned compressor stations would result in significant 

increases in NO, emissions for three of the four counties evaluated (Habicht et al., 2015). The study also 

found that compressor stations would be a long-term source of NO, emissions. It is worth noting that 

the study evaluated smaller compressor stations for gathering pipelines. The 47,700 horsepower (hp) 

Kidder Compressor Station planned for PennEast would be much larger than a compressor station for a 

gathering line and could produce higher localized emissions than those estimated in the Habicht 

analysis.

Proximity to pipelines and compressor stations has 

the potential to pose chronic health risks associated 

with long-term leaks and pollution exposure. 

Humans may be exposed to harmful airborne 

substances used or emitted by natural gas facilities 

via inhalation and dermal absorption. Many 

chemicals used in the natural gas industry have been 

shown to cause cancer and other long-term health 

impacts (Steinzor, et al., 2013). Construction and 

operation of compressor stations can produce toxic 

VOCs, which can degrade air quality and may cause 

an array of acute health effects from short-term 

exposure. Combustion products also result in 

ground-level ozone when VOCs are exposed to heat 

and sunlight (Subra, 2012). Over the long-term, 

health effects include loss of coordination and 

damage to the liver, kidneys, and nervous system, 

and some VOCs are known carcinogens (SPEHP, 

2015). Compressor stations also emit PM, which 

may pose respiratory risks. Short-term inhalation 

may exacerbate existing pulmonary and

Compressor Stations and Air 

Pollution

A 2017 study of 56 operational compressor 

stations in New York state found that the 

stations emitted an estimated 40 million 

pounds of pollutants composed of 70 different 

chemicals from 2008 to 2014 (Russo and 

Carpenter, 2017).

Compressor stations have been estimated as 

the largest source of emissions for most 

pollutants from oil and gas production in PA, 

representing more than 80 percent of VOC 

emissions, 50 percent of NO,, 60 percent for 

PM, and between 0-60 percent for SO; 

(Jackson, et al., 2014).
cardiovascular disease, while long-term exposure

may increase risks of cardiovascular disease and death (SPEHP, 2015). A 2017 study of 56 operational 

compressor stations in New York state found that these compressor stations emitted an estimated 40 

million pounds of pollutants composed of 70 different chemicals from 2008 to 2014 (Russo and 

Carpenter, 2017). The study also found that these chemicals are linked to 19 major categories of human 

disease. These chemicals pose health risks to otherwise healthy individuals, but some populations are at 

greater risk, such as infants, children, pregnant women, the elderly, those with compromised immune 

systems, and those already suffering from specific diseases or disorders (Russo and Carpenter, 2017).

While the health effects of high exposure to these pollutants are known, there is not enough scientific 

research to fully understand the link between natural gas development and adverse health effects 

(Werner et al., 2015). Some literature has identified health outcomes based on distances from natural 

gas activities, most often associated with the well pad (Habicht et al., 2015). Even less research has been
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done evaluating potential health effects associated with pipelines. A 2009 survey of 31 people 

attempted to identify negative health effects potentially resulting from natural gas facilities in Dish, 

Texas. The study suggests that some residents experienced illness and detected odors potentially 

related to these facilities. For example, odors that may be related to compressor stations included sulfur 

smell, odorized natural gas, ozone, and a smell resembling burnt butter. The study also identified seven 

reported health effects potentially related to compressor stations (Subra, 2009). It is difficult or 

impossible, given current research, to ascertain what health effects will occur as a direct result of the 

pipeline and compressor station. Nevertheless, the pipelines and compressor station will contribute to 

pollution in the DRB and will contribute to the cumulative effects of natural gas development in the 

region.

Some public health groups have also argued that emissions from compressor stations are not well 

represented, as they often use tons per year as their unit of measurement, but do not emit uniformly 

over time (SPEHP, 2015). This variability may result in instances of high emissions and localized risk to 

public health that are not captured in averages over time. One example is the periodic occurrence of 

scheduled and accidental blowdowns at compressor stations. These events release natural gas from the 

blowdown valve and can last up to three hours, venting 15 MCf of gas on average (SPEHP, 2015). Based 

on our analysis, we estimate that approximately 13 people live within a half mile of the Kidder 

Compressor Station, 31 live within 1 mile, and 243 live within 2 miles. These individuals could experience 

exposure to elevated levels of pollutants from the compressor station. Proximity to the compressor 

station is not an explicit prediction of health outcomes, but these distances provide approximations of 

the population that could be exposed to compressor station emissions. However, without additional 

data and research on health outcomes related to proximity to a compressor station, we are unable to 

reliably predict how the Kidder Compressor Station would affect the health of these nearby residents.

Facilities for the Mariner East 2 pipelines include the Twin Oaks and Marcus Hook end stations and the 

Beckersville pump station. The Beckersville pump station will operate using electric power, and Sunoco 

therefore estimates that emissions will be relatively low. We estimate that approximately 250 people 

live within half a mile of the Beckersville pump station, 540 live within 1 mile, and 2,900 live within 2 

miles. We estimate that approximately 500 people live within half a mile of the Twin Oaks facility, 4,600 

live within 1 mile, and 45,000 live within 2 miles. Due to the proximity of the Marcus Hook facility and 

the Twin Oaks facility, we estimate that these population estimates will strongly overlap with those for 

the Marcus Hook facility.

The facility at Marcus Hook is located in an area that is already heavily industrialized. Nevertheless, the 

facility will contribute air emissions and further reduce ambient air quality. An analysis completed by the 

Clean Air Council estimates that the total emissions release related to the development at Marcus Hook 

to service the Mariner East pipelines will result in approximately 63 tons of NO*, 163 tons of CO, 40 tons
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of SO*, 14 tons of PM, and 13 tons of PMio each year (Minott et al., 2018).5 In addition to these stations, 

there will be numerous other emissions sources associated with Mariner East 2, such as pipeline and 

facility construction-related emissions and fugitive emissions from leaks of NGLs from valves, flanges, 

and holes in the pipeline. To our knowledge, data on the magnitude of these emissions is not available. 

Because of these missing data, and because the operations of the Mariner East 1 and Mariner East 2 

pipelines are so intertwined, we do not know the total quantity of emissions from the Mariner East 2 

pipelines and are unable to estimate the effects of its construction and operation on public health.

Noise and Health Effects

Construction activities associated with the pipeline and its supporting infrastructure, as well as 

compressor stations during operation, generate noise pollution. During construction, the communities 

along the pipeline ROW and near above ground facilities and access roads will be affected by noise, poor 

aesthetic conditions, construction traffic, and other disruptions in the community. Exposure to high 

decibel levels can have deleterious effects; studies have shown that excessive noise has been associated 

with a variety of psychological and physical human health effects. These include sleep disturbance, 

tinnitus, and cognitive impairment in children (SPEHP, 2015). Long-term exposure to noise levels 

between 32 and 75 A-weighted decibels (dBAs) has been linked to hypertension, sleep disturbance, and 

poor academic performance (Passchier-Vermeer and Passchier, 2000). Increases in chronic noise 

exposure has also been linked to an increased risk of diabetes (Sorensen et al., 2013). Furthermore, 

research suggests that some groups are more vulnerable to noise exposure. For example, children, the 

elderly, the chronically ill, and people with hearing impairment are most at risk for health impacts 

related to noise exposure (Van Kamp and Davies, 2013).

The area surrounding the compressor station face long-term increases in ambient noise. The maximum 

allowable decibel level for a compressor station is 55 dBA day-night average sound level at any 

preexisting noise sensitive areas under federal regulations (PennEast Pipeline Company, LLC, 2015b).

The PennEast noise modeling analysis for the Kidder Compressor Station suggests that the station will 

not significantly increase the ambient sound level in the surrounding area. However, there is limited 

research that examines noise exposure from compressor stations and their effect on nearby 

communities. A 2017 pilot study that examined residential noise exposure in homes near natural gas 

compressor stations found that indoor noise levels in homes less than 300 meters from the stations 

were higher on average than noise levels in homes more than 1,000 meters away (53.4 versus 42.2 dBA) 

(Boyle et al., 2017). Homes as far as 750 meters (approximately half a mile) from a compressor station

5 Because the Mariner East and Mariner East 2 pipelines use the same equipment at the Marcus Hook facility, we 

are not able to develop specific emissions estimates for Mariner East 2 alone. The Clean Air Council estimated 

emissions for the two pipelines at Marcus Hook using 2009/2010 as the baseline years for calculating the 

emissions increase. The calculations also assumed that the application would be submitted in 2018, which is 

used as the starting point to estimate the five- and ten-year lookback periods.
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had average indoor ambient noise levels of 51.2 dBA, approximately 9 dBA higher than homes more 

than 1,000 meters away.

According to our analysis, approximately 13 people will live within half a mile of the Kidder Compressor 

Station. Boyle et al. (2017) also found that residents in homes less than 300 meters from the nearest 

compressor station may also be exposed to low frequency noise, which has been associated with 

annoyance, poorer performance, and sleep disruption. The authors conclude that residents living near a 

compressor station "are potentially exposed to noise levels that are higher than the recommended U.S. 

EPA levels of 55 dBA (outdoor/daytime) and 45 dBA (indoor/night time)." Additional research is needed 

to fully understand the effects of compressor station noise on nearby communities and vulnerable 

populations, but these findings suggest that compressor stations may contribute more to ambient noise 

levels than previously thought.
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5. Analysis of Costs Associated with the PennEast 

and Mariner East 2 Pipelines

Key Findings

■ The pipelines will result in a present value loss of ecosystem services of 

approximately $11 million (Mariner East 2) and $43 million (PennEast) as a result of 

land cover changes in the DRB. These values are based on a limited analysis and do 

not fully capture all ecosystem services or the land cover changes along the full 

lengths of the pipelines. They likely underestimate the full cost of lost ecosystems 

along the pipeline routes.

■ The present value cost of emissions associated with long-term operation of Mariner 

East 2 at one pump station and at operations at the Marcus Hook facility is 

approximately $260 million. The present value cost of emissions associated with 

construction and operation of the PennEast pipeline would be $470 million. If we 

assume a high impact cost of carbon, the combined present value costs of these 

emissions could be as high as $2.2 billion.

■ Based on the area cleared for the pipeline in the ROW, we estimate that the total 

value of cleared land in one county alone is approximately $1.4 million.

■ Overall, one quarter of the land the PennEast pipeline is proposed to pass through 

is protected or preserved under conservation easements. Total costs of the 

easement acreage cleared for the temporary and permanent ROW for PennEast 

and Mariner East 2 are approximately $4 million.

■ Mariner East 2 and PennEast could cost recreation goers approximately $2.8 million 

in lost recreational enjoyment as the pipelines are constructed. The long-term 

effects of the ROW on recreation are unknown.

Summary

This chapter describes the methods used to estimate the environmental and social costs associated with 

the PennEast and Mariner East 2 pipelines. The analysis consists of seven distinct analyses that build on 

the descriptions of the effects in the previous chapter, our GIS analysis, and the assumptions defined in 

the PennEast EIS. The distinct analyses address ecosystem services, climate, water quality, recreation, 

property value, protected areas, and agricultural production.
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Some of these analyses evaluate the stream of costs associated with the PennEast and Mariner East 2 

pipelines over numerous years. To do so, we discounted future costs to calculate the present value, 

which represents all future costs in 2017 U.S. dollars (USD) and allows for comparison of dollar amounts 

from various years.

Key assumptions are used throughout the analysis:

• A discount rate of 3 percent is used as a basis for calculating the present value of costs that will 

be incurred over many years. A sensitivity analysis adjusts this discount rate to demonstrate the 

effects of this assumption on the final results.

• The pipelines would be constructed over the course of 13 months. This approximation is 

consistent with the estimates provided in the PennEast EIS. This represents an underestimate 

for the Mariner East 2 pipelines, for which construction has experienced delays.

• All values have been adjusted to 2017 USD.

• The route for the PennEast pipeline is based on the pipeline centerline accurate as of September 

2016. Any changes to the pipeline route subsequent to that date are not captured in this 

analysis. The route for the Mariner East 2 pipelines is based on accurate and complete 

geospatial information made available by the PA DEP.

We also assume that the life of the pipeline infrastructure will be 50 years. This assumption is based on 

the long life of numerous existing pipelines, many of which are more than 60 years old. To our 

knowledge, there is no precedent for pipelines relinquishing the legal ROW, and we assume that the 

effects of the pipeline on land use would continue for as long as the pipeline is in place. Therefore, we 

believe that 50 years is a reasonable estimate for the lifespan of the pipeline for the purpose of this 

analysis. We also assume that the pipelines will operate for 50 years (from 2020 to 2070), which is 

primarily applicable to the GHG cost analysis. This assumption is based on the understanding that 

PennEast will likely operate the PennEast pipeline for as long as gas is produced and transmitted to the 

region. We explore the degree to which these assumptions affect the outcome of the analysis in the 

Sensitivity Analysis section of this report.

Some components of the analysis lacked sufficient data or information about the likelihood of events to 

allow monetary costs to be determined. In these instances, we developed qualitative descriptions of 

potential effects. When possible, we also provided a potential range of costs corresponding to these 

events.

The table below summarizes the results for each portion of the analysis. We estimated that the largest 

cost is attributable to the cost of GHG emissions resulting from the construction and operation of the 

PennEast pipeline. These costs are estimated to range from approximately $500 million (using the 

average SC-C02) to approximately $1.6 billion (using a high SC-C02). The cost of GHG emissions was also 

the highest type of cost for the Mariner East 2. Costs associated with the loss of ecosystem services was 

the next highest cost in the analysis. We estimated that the loss in ecosystem services will range from 

nearly $17 million to $130 million for PennEast and from $4.3 million to $33 million for Mariner East 2. A 

detailed description of each individual analysis is included in the sections that follow.
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Table 16. Summary of Environmental and Social Costs of PennEast and Mariner East 2 Pipelines

Type of Cost
Low

Estimated Costs (PV 2017 USD) 

Medium High

PennEast Pipeline

Ecosystem Services* $17,000,000 $43,000,000 $130,000,000

GHG Emissions* $470,000,000 $470,000,000 $1,400,000,000

Lost Recreation Days** $2,000,000 $2,000,000 $2,000,000

Conservation Easements** $4,000,000 $4,000,000 $4,000,000

Subtotal PennEast Costs $493,000,000 $519,000,000 $1,536,000,000

Mariner East 2 pipelines

Ecosystem Services* $4,300,000 $11,000,000 $33,000,000

GHG Emissions*

Lost Recreation Days**

$260,000,000 $260,000,000 $800,000,000

$810,000 $810,000 $810,000

Conservation Easements** $169,000 $169,000 $170,000

Subtotal Mariner East 2 Costs $265,000,000 $272,000,000 $834,000,000

Total Cost $758,000,000 $791,000,000 $2,370,000,000

*These estimates include future costs and use a 3 percent discount rate to estimate present value (PV).
** A range of unit cost estimates were not available for these types of costs. Therefore, the same estimate is used 
for low, medium, and high estimates.
Note: All individual estimates have been rounded to two significant figures and subtotals rounded to the nearest 
million dollars.

Ecosystem Services

As previously mentioned in Chapter 1. Potential Effects on Ecosystem Services Along the Pipeline Route, 

several researchers have estimated the total value of ecosystem services in and around the DRB using 

the benefit transfer method. One study estimated the total present value of New Jersey's ecosystem 

services to be approximately $370 billion over 100 years at a 3 percent discount rate (in 2004 dollars) 

(Liu et al., 2010). Another study estimated ecosystem services in the DRB at approximately $21 billion 

per year, which is equivalent to a present value of approximately $683 billion over 100 years (all in 2010 

dollars) (Kauffman, 2016). In addition to the state- and DRB-level analyses, there is a 2017 study that 

estimated the lost ecosystem services values associated with the full PennEast pipeline to range from 

approximately $6 million to $22 million during the construction year and an annual loss of about $3 

million to $10 million following construction (in 2015 dollars; Phillips et al., 2017).

Each of these studies calculated a different aggregate ecosystem services value for each land type. In 

our analysis, we selected ecosystem services values from the literature that we believe best represent 

the land types in our analysis, and we included the most comprehensive range of ecosystem services 

appropriate. We also excluded: ecosystem services that might result in double-counting values 

estimated elsewhere in this report; values estimated for land types that had characteristics significantly 

different from those captured in this study; and values estimated in countries with significantly different
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economies. The final ecosystem services values used in our analysis fall within the range of values 

estimated by these other studies, but differences in assumptions and selection of ecosystem services 

values results in a broad range of potential values. These differences highlight the degree of uncertainty 

in ecosystem services values in our specific region of focus, but they consistently demonstrate that 

ecosystem services have significant value that should be considered in cost analyses of projects that 

disrupt land cover.

As other studies recognize, there are considerable gaps in the literature for ecosystem services in each 

land type, preventing us from creating comprehensive value estimates. For this reason, and because of 

the conservative assumptions we make throughout our analysis, we believe that our range of costs likely 

underestimates the true value of the land that will be disturbed by the pipelines.

We examined the disruption of land cover caused by construction and the permanent ROW to estimate 

the loss in ecosystem services attributable to the PennEast and Mariner East 2 pipelines. Land cover 

estimates are based on our CIS analysis, summarized in Appendix A. The analysis assumes that 

ecosystem services will be lost in part or entirely as a result of this disruption, with the extent of 

disruption depending on the amount of land cover affected. The acreage of land cover disruption is 

multiplied by the duration of disruption and the value of the ecosystem services associated with each 

type of land cover to estimate the value of the ecosystem service loss.

Ecosystem Services Values
Ecosystem services are grouped by type of ecosystem—forests, scrub/shrubs, cultivated land, etc. Table 

17 provides the minimum, average, and maximum ecosystem services values for each ecosystem type. 

These estimated values are the sum of the value of each ecosystem service in each ecosystem type. For 

example, the total value of an acre of temperate or boreal forest is the sum of the values of air quality 

control, biodiversity, erosion control, soil fertility, climate control, and waste processing. When more 

than one estimated value is available for a given ecosystem service, the analysis uses the minimum, 

average, and maximum values of these ecosystem services in the calculations. For some ecosystem 

services, only one estimate was available for a given ecosystem. In these cases, the same ecosystem 

service value is used for the minimum, average, and maximum calculations. A detailed breakdown of the 

values for each ecosystem is included in Appendix B.

As previously discussed, ecosystems provide a wide range of services. To avoid double-counting values 

included in other portions of this analysis, some types of ecosystem services were excluded from these 

calculations. For example, costs associated with recreation value are included in the Recreation analysis. 

Therefore, these ecosystem services values were not included in the values developed in Table 17.
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Table 17. Minimum, Maximum, and Average Ecosystem Services Values by Ecosystem Type

Ecosystem
Ecosystem Services Values (2017 USD/acre/year)

Minimum Average ; Maximum

Forests $888 $2,239 $6,545

Woodland and Scrub/Shrub $168 $244 $395

Inland Wetlands $6,195 $10,825 $19,865

Cultivated $1,389 $1,412 $1,436

Grasslands $76 $124 $188

Barren $0 $0 $0

Fresh water $543 $543 $543

Note: Values have been adjusted from original studies to 2017 dollars per acre per year.

Construction

During construction, it is assumed that the ecosystem services provided by land covers in both the 

temporary and permanent ROWs will be lost entirely for one full year. According to the PennEast EIS, 

construction and ROW restoration will take 13 months. After construction is completed, the land cover 

in the temporary ROW will be allowed to regrow. A conservative regrowth estimate (i.e., one that 

results in underestimating costs) of one year is assumed for wetlands, grasslands, and freshwater (the 

PennEast EIS estimated three years for regrowth in non-forested areas). Table 18 provides the results of 

the cost estimates for one year of lost ecosystem services in the temporary and permanent ROW during 

PennEast construction. The largest loss is associated with forest area, with an estimated loss from 

approximately $710,000 to $5 million.

Table 18. Estimated Economic Loss from Disrupted Ecosystem Services During Construction of

PennEast Pipeline

Ecosystem

Temporary and 

Permanent 

ROW Acreage

Loss (in 1,000s 2017 USD)

Minimum Average Maximum

Forested 800 $710 $1,790 $5,200

Shrub-Scrub 34 $5.7 $8.2 $13

Wetlands 19 $120 $200 $400

Agricultural 476 $660 $670 $680

Grasslands 217 $17 $27 $41

Developed, Barren, Other 173 $0.0 $0.0 $0.0

Water 3
i |

$1.5 $1.5 $1.5

Estimated Total Loss $1,500 $2,700 $6,000

Note: All estimates have been rounded to two significant figures
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Using the same assumptions for the construction of the Mariner East 2 pipelines, Table 19 provides the 
estimated monetary loss associated with ecosystem services for Mariner East 2.6 It is worth noting that 

Mariner East 2 has faced numerous construction delays, which may have resulted in even higher losses 

associated with ecosystem services during the construction phase of the project. (See the Chapter 6. 

Case Study on the Real Impacts of the Mariner East 2 Pipeline for more details on delays associated with 

Mariner East 2.)

Table 19. Estimated Economic Loss from Disrupted Ecosystem Services During Construction of Mariner

East 2 pipelines

Ecosystem

Temporary and 

Permanent 

ROW Acreage

Loss (in 1,000s 2017 USD)

Minimum Average Maximum

Forested 204 $180 $1,300 $460

Shrub-Scrub 9 $1-5 $3.5 $2.1

Wetlands 1 $4.2 $10 $10

Agricultural 71 $98 $100 $100

Grasslands 47 $3.6 $8.8 $5.8

Developed, Barren, Other 123 $0.0 $0.0 $0.0

Water 0 $0.0 $0.0 $0.0

Estimated Total Loss
1

$290 $1,500 $570

Note: All estimates have been rounded to two significant figures.

Forests cleared in the temporary ROW will require decades to regenerate. The forest area that would be 

disrupted by the PennEast pipeline is largely deciduous broadleaf forest, which includes several 

hardwood trees including species of beech (Fagus grandifolia), oak (Quercus sp.), red maple (Acer 

rubrum), and eastern hemlock (Tsuga canadensis). The PennEast EIS indicates that the time required to 

restore woody vegetation along the pipeline to preconstruction conditions would be more than 30 

years, and in some cases hundreds of years. We estimated the loss in ecosystem services during 

regrowth periods of 30,100, and 150 years. We assumed that previously forested acreage provides the 

ecosystem services values of grassland as the forest regrows, and the difference in value between forest 

and grasslands is used for the lost value over time. For example, the minimum estimated values of 

forests are $888 per acre and for grasslands are $76 per acre. In year one of this analysis, the loss in 

ecosystem services is estimated to be the difference between these values, approximately $811. Over 

the 50-year regrowth period, this value is reduced proportionally each year until it is $0 in the 50th year. 

Because the ecosystem service values for scrub-shrub are so close to those for grasslands, we did not 

estimate a loss associated with regrowth of the scrub-shrub in the temporary ROW. We conducted the 

same analysis for Mariner East 2 using the same assumptions.

6 Note that the Mariner East 2 pipelines have been under construction for more than two years, so this assumption 

likely underestimates the costs associated with lost ecosystem services during construction.
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Table 20 provides estimated values of economic loss resulting from disrupted ecosystem services as 

forests regrow in the temporary ROW for the PennEast and Mariner East 2 pipelines. For PennEast, this 

loss amounts to a present value of least $4 million and as much as $76 million, depending on the 

ecosystem services values used and the regrowth period.

Table 20. Present Value of Long-Term Economic Loss from Forest in the PennEast and Mariner East 2

Temporary ROWs

Regrowth Period
Ecosystem Services Loss {PV in 1,000s 2017 USD) 

Minimum ES Value { Average ES Value Maximum ES Value

PennEast Pipeline

30-year regrowth period

100-year regrowth period

$4,100

$8,400

$11,000

$22,000

$25,000

$32,000

$66,000

150-year regrowth period $9,700 $76,000

Mariner East 2 pipelines

30-year regrowth period $820 $2,100 $6,400

100-year regrowth period $1,700 $4,400 $13,000

150-year regrowth period $1,900 $5,100 $15,000

Ongoing Operation
Ongoing operation of the pipeline will result in permanent land cover changes. To estimate the loss of 

ecosystem services for this land cover, we compared land cover from before pipeline construction to the 

likely land cover that would exist in the permanent ROW after construction. For a conservative estimate, 

we assumed that wetlands, grasslands, agriculture, and fresh water areas will return to their original 

land cover, and we assumed no change in their associated ecosystem services values in the long term. 

This is a conservative assumption given the numerous effects of pipelines on ecosystems, as described 

earlier in this report.

We assumed that land in the permanent ROW previously covered by forest, scrub/shrub, and grasslands 

would be replaced by some form of grass. The permanent ROW would be maintained periodically by the 

gas company and that grasslands will be degraded as a result of this maintenance. However, the effect 

of this degradation on the ecosystem services values for grasslands is unknown. For a conservative 

estimate, this analysis uses the full ecosystem services value for grasslands. Table 21 summarizes the 

change in land cover for the PennEast permanent ROW.
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Table 21. Change in Land Cover in PennEast Permanent ROW

Original Land Cover Land Cover After Construction Mariner East 2 Acres PennEast Acres

Forests Grasslands (Degraded) m 337

Shrub-Scrub Grasslands (Degraded) 5 13

Inland Wetlands Inland Wetlands 1 8

Agriculture Agriculture 35 156

Grasslands Grasslands (Degraded) 24 85

Barren Barren 61 41

Fresh water Fresh water g 1

As illustrated in the table above, forest and shrub-scrub are the only land cover types that would 

undergo significant changes in the permanent ROW (according to our conservative estimate). 

Furthermore, the ecosystem services values estimated for shrub-scrub and grasslands do not differ 

substantially relative to other land cover types (Table 17). Accordingly, we estimated the permanent 

change in ecosystem services only for the conversion of forest to grassland. The results in Table 22 

demonstrate that the long-term loss of ecosystem services from forest cover cleared in the permanent 

ROW could be significant, with present value ranging from approximately $2 million to $18 million for 

Mariner East 2, and from $7 million to approximately $55 million for PennEast.

Table 22. Estimated Loss in Ecosystem Services Values from Permanent Loss of Forest Cover

Ecosystem Services Loss (2017 USD)

Minimum ES Value Average ES Value Maximum ES Value

Forests $888 $2,239 $6,545

Grasslands $76 $124 $188

Difference $811 $2,115 $6,357

PennEast

Estimated Annual Loss for 337 acres $270,000 $710,000 $2,100,000

Present Value over 50 Years $7,000,000 $18,000,000 $55,000,000

Mariner East 2

Estimated Annual Loss for 111 acres $90,000 $230,000 $710,000

Present Value over 50 Years $2,300,000 $6,000,000 $18,000,000

Note: All estimates have been rounded to two significant figures.

Summary of Ecosystem Services

As demonstrated in Table 23, PennEast would result in a present value loss of ecosystem services 

ranging from $17 million to $130 million. The average present value loss is estimated to be $43 million, 

with the largest loss associated with the many years required for the forest to regrow in the temporary 

ROW. Mariner East 2 will result in a present value loss of ecosystem services ranging from $4 million to
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$33 million, with an average present value loss of $11 million. Note that the costs associated with the 

Mariner East 2 pipelines are much lower than those for the PennEast pipeline in large part because only 

a fraction of the Mariner East 2 pipelines are located in the DRB.

Table 23. Summary of Ecosystem Services Loss from Pipeline Construction and Operation

Ecosystem Services Loss (PV in millions 2017 USD) 

Minimum ES Value I Average ES Value I Maximum ES Value

PennEast

Loss of all ES during construction $1.5 $2.7 $6

Loss of forest in permanent ROW $7.0 $18 $55

Loss of forest quality in temporary ROW (100- 

year regrowth)
$8.4 $22 $66

Total $17 $43 $130

Mariner East 2

Loss of all ES during construction $0.3 $0.6 $1.5

Loss of forest in permanent ROW $2.3 $6.0 $18

Loss of forest quality in temporary ROW (100- 
year regrowth)

$1.7 $4.4 $13

Total $4.3 $11 $33

Total Estimate Loss for both Pipelines $21 $54 $160

Note: All estimates have been rounded to two significant figures.

Climate

We estimated the cost associated with GHG emissions for the construction and operation of the 

PennEast pipeline and Mariner East 2 pipelines. As described in Chapter 3. Other Environmental Effects, 

the PennEast pipeline is expected to contribute to GHG emissions as a result of methane leaks during 

pipeline operation and as a result of combustion activities during construction and operation of the 

pipeline and compressor station. Our analysis estimates costs based on PennEast's reported emissions 

projections for the construction and operation of the pipeline (FERC, 2017). Estimates of emissions 

associated with the Mariner East 2 pipelines were more difficult to identify and separate from emissions 

associated with the first Mariner East pipeline. We used emissions estimates associated with the 

Beckersville pump station (located in the DRB) and the Marcus Hook facility to approximate climate 

costs associated with the Mariner East 2 pipelines.

PennEast Emissions
PennEast evaluated the GHG emissions that would result from the pipeline's construction and 

operation. The estimates are presented as CXhe as part of its report to the Federal Energy Regulatory 

Commission (FERC, 2017). To calculate C02e, PennEast multiplied the mass of a given compound by its 

corresponding GWP. As discussed previously, the GWP is the factor by which a GHG traps heat relative 

to CO2 (FERC, 2017). PennEast computed the C02e for each of the constituent components of natural
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gas, and these values are summed to obtain the total COje GHG emissions (FERC, 2017). As a part of 

these calculations, PennEast assumed forcing factors of 1 for CO2, 25 for methane, and 298 for N20 and 

applied these values to estimates for project facility and pipeline construction activity emissions (FERC, 

2017: Table 4.10.1-5), compressor station operations emissions (FERC, 2017: Table 4.10.1-6), pipeline 

operation emissions (FERC, 2017: Table 4.10.1-8), and the project's overall potential operational 

emissions (FERC, 2017: Table 4.10.1-9). Table 24 summarizes PennEast's emissions estimates.

Table 24. COie Emissions During Construction and Lifetime Operation of PennEast

Activftv
Emissions of C02e

Upfront Emissions (tons) Annual Emissions (tons/yr)

Project Facility and Pipeline Construction Activity 33,276 N/A

Compressor Station Operation N/A 190,529

Combustion N/A 190,332

Fugitive Leaks and Vents N/A 197

Pipeline Operation N/A 69,188

Combustion N/A 47,766

Fugitive Leaks and Vents" N/A 21,423

Total 33,276 259,717

Source: FERC, 2017; Tables 4.10.1-5, 4.10.1-6, 4.10.1-8, 4.10.1-9
*PennEast's estimate uses an estimated rate of fugitive leakage of 1.55 standard cubic feet of natural gas per day per 
mile of pipeline, from EPA’s 2014 reference document "Oil and Natural Gas Sector Leaks".

In addition, PennEast estimates that an additional 21.3 million metric tons of GHGs (in the form of C02e) 

will be released each year as a result of downstream end-use of the gas delivered by the pipeline. These 

emissions are not considered part of the pipeline development and operation and are outside the scope 

of this cost assessment. Nevertheless, this represents a significant additional release of GHGs each year 

and should not be overlooked when evaluating energy procurement options.

Because PennEast reported these values in terms of C02e, we used the SC-C02 when calculating the 

costs of these emissions. As discussed previously, the SC-C02 is a metric that quantifies the present 

value of the total cost of a ton of C02 (or equivalent) emission over 100 years. This cost varies depending 

on the year in which the emission occurred because the SC-C02 increases over time due to GDP growth 

and larger incremental damages from increasingly stressed social systems. Our analysis uses EPA's SC- 

C02 estimates, which represent the average value in a modeled distribution of outcomes. As seen in 

Figure 6, the right tail of the distribution is long, meaning that the upper estimate of potential cost of 

C02 emissions is very high. Furthermore, recent scientific literature also suggests that the SC-C02 should 

be higher than estimated by EPA (Pindyck, 2019).
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Figure 6. Modeled Distribution of SC-C02 Estimates

Source: U.S. Interagency Working Group on Social Cost of Greenhouse Gases, 2016, Figure ES-1: Frequency 

Distribution of SC-CO2 Estimates for 2020

We assumed that the useful life of the PennEast pipeline will be 50 years, but EPA's SC-CO2 estimates 

end at 2050. Therefore, we used the SC-CO2 estimates for 2040 through 2050 to extrapolate the values 

for 2051-2070. Table 25 presents the SC-CO2 by Year of Emission (in 2017 dollars) that we used for this 

analysis. For brevity, the table contains the value every ten years, but our calculations use EPA's annual 

cost estimates.

Table 25. Social Cost of Carbon per Metric Ton of CC>2e by Year of Emission (2017 USD)

Year

3% Discount Rate

High Impact
Ave,age (95'- Percentile)

Average Cost at 5% 

Discount Rate

Average Cost at 
2.5% Discount Rate

2020 $49 $144 $14 $73

2030 $59 $178 $19 $86

2040 $70 $215 $25 $99

2050 $81 $249 $31 $112

2060* $92 $283 $36 $125

2070* $103 $316 $42 $138

Source: U.S. EPA Social Cost of Carbon (2017), figures have been converted to 2017 USD per metric ton. 
•EPA's SC-CO2 estimates end at 2050. Using that data, we extrapolated out these values.
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ERA specifies that the "future monetized value of emission reductions in each year (the SC-CO2 in year t 

multiplied by the change in emissions in year t) must be discounted to the present to determine its total 

net present value for use in regulatory analysis." (U.S. Interagency Working Group on Social Cost of 

Greenhouse Gases, 2016). EPA's average annual SC-CO2 estimates were calculated using 5 percent, 3 

percent, and 2.5 percent discount rates. Accordingly, our analysis calculates the present value of all 

future emissions using these same discount rates.

Table 26 provides our results for the present value of the SC-CO2 of GHG emissions released from 

PennEast pipeline activities in 2017 dollars. The costs have been broken down by pipeline activity and 

estimated with a range of discount rates. Estimated emissions are smallest in construction activities and 

highest in compressor station operation. The total cost using the average SC-CO2 ranges from $110 

million with a 5 percent discount rate to $740 million with a 2.5 percent discount rate.' These estimates 

assume that methane has a forcing factor of 25 for CO2 equivalency, which may be conservative and 

underestimate the actual costs associated with methane leakage. If we assume a high impact with a 3 

percent discount rate, costs could be as high as $1.4 billion over the life of the pipeline.

Table 26. SC-C02 of PennEast Construction, Compressor Station Operation, and Pipeline Operation

(Millions 2017 USD)

Activity

PV Cost of Carbon Using 3% Discount Rate

Using Average Using High Impact
Cost Cost (95,h Percentile)

PV Cost of 
Carbon (Using 

Average Cost at
5% Discount Rate

PV Cost of Carbon 
(Using Average 

Cost at 2.5% 
Discount Rate)

Pipeline Construction $1.6 $4.8 $0.5 $2.4

PV Operation - Compressor Station $350 $1,000 $81 $550

PV Operation - Pipeline $120 $370 $29 $190

Total $470 $1,400 $110 $740

Note: All estimates have been rounded to two significant figures.

EPA's estimates of the SC-CO2 do not include a low and high estimate at each of the discount rates, and 

we are unable to develop SC-CO2 estimates for these values using the information provided in EPA's 

technical report. Therefore, our analysis is limited to the SC-CO2 estimates EPA provided (as 

represented in Table 26). The results in Table 26 suggest that the price of carbon has a larger effect on 

the results than the uncertainty in the discount rate. The total present value of costs for EPA's average 

SC-CO2 range from $110 million using a 5 percent discount rate to $740 million using a 2.5 percent 

discount rate, a difference of about $630 million. In contrast, the variation in the present value of costs 

using EPA's average and high SC-CO2 under a 3 percent discount rate is approximately $930 million ($1.4 

billion minus $470 million). Because recent scientific literature suggests that the SC-CO2 should be

7 Note that EPA did not provide the high impact value of SC-CO2 at different discount rates. Therefore, we were 

unable to estimate the high impact cost of carbon at the 2.5 percent and 5 percent discount rates.
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higher than estimated by ERA (Pindyck, 2019), there is reason to believe that EPA's average SC-CO2 is a 

low estimate under any of the above discount rates.

Current scientific literature also suggests that the methane forcing factor is higher than that used by 

PennEast to calculate CChe. As noted previously, PennEast used a value of 25 for methane over a 100- 

year lifetime. While this value is within the possible range of forcing factor estimates, it is at the lower 

range of current estimates and may be outdated. IPCC's Fourth Assessment Report, published in 2007, 

provides the GWP for methane as 25. This estimate is consistent with that used by PennEast, but out of 

date. Additional EPA sources have included that value as well, citing the IPCC report. However, IPCC's 

more recent Fifth Assessment Report, published in 2013, updated methane's forcing factor to 28 as a 

low estimate and 34 as a high estimate over a 100-year lifetime, depending on whether climate-carbon 

feedbacks are included. Additional EPA sources cite similar values. Table 27 provides the ranges in IPCC 

and EPA publications.

Table 27. Methane Forcing Factor Estimates

Source Low Estimate High Estimate Lifetime (years)

PennEast Environmental 
Impact Statement (2017)

25 25 100

IPCC Climate Change 2013
Fifth Assessment Report 28 34* 100**

EPA's Climate Change 
Indicators in the United
States(2016)**•

28 36 100

EPA's Inventory of U.S. 
Greenhouse Gas Emissions 
and Sinks 1990-2016****

25 25 100

EPA's Understanding Global 
Warming Potentials

28 36 100

•This value includes climate-carbon feedbacks.
••Over shorter timeframes this number increases: 84-86 over 20 years. 
•••Cites IPCC's 5th Report 
••••Cites IPCC's 4,h Report
Sources: Myhre and Shindell, 2013; EPA, 2016; EPA 2018; EPA 2017

Based on PennEast's estimates in Table 24, the compressor station and pipeline will release 21,620 tons 

of C02e per year through fugitive leaks and vents. If we estimate that these C02e derive from methane 

using PennEast's applied forcing factor of 25, we calculate that a higher forcing factor of 36 would 

increase these C02e emissions to approximately 31,000 tons per year. This represents a 14 percent 

increase in PennEast's annual emissions from the pipeline, but this increase is minor when compared to 

the compressor station emissions (190,529 tons of C02e).

Mariner East 2 Emissions
To our knowledge, there is no comprehensive estimate of emissions associated with the construction 

and long-term operation of the Mariner East 2 pipelines. Furthermore, the Mariner East 1, 2, and 2X 

pipelines operate jointly using much of the same equipment and infrastructure. This makes it difficult to
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isolate emissions for the Mariner East 2 pipelines, which is the scope of this analysis. Sources of 

emissions connected with the Mariner East 2 pipelines include:

• Pipeline construction-related emissions from vehicles, drilling equipment, blasting, earthmoving 

(dust), etc.

• Facility construction-related emissions for pumping stations, valve stations, and terminal 

facilities

• Fugitive emissions from leaks of NGLs from valves, flanges, and holes in the pipes

• Operational emissions from running the pumping stations, including running the pumps, venting 

product, and launching "smart pigs"

• Operational emissions from the terminal facilities, most prominently the Marcus Hook facility

In addition, similar to the PennEast pipeline, the Mariner East 2 pipelines will result in downstream 

emissions from the portion of the NGLs that are burned and from the energy used to process the rest 

into plastics. We were able to collect data to estimate emissions associated with operation of one of the 

pump stations and the operational emissions from the Marcus Hook terminal facility.

COje emissions from the Marcus Facility end station added by the Mariner East projects is equivalent to 

approximately 177,000 tons per year (Minott et al., 2018).8 The Beckersville pump station, located in the 

DRB, will operate on electric power continuously at 1,750 hp (PA DEP, 2017a). Using a standard 

conversion of 0.746 kilowatts per hp, we estimate that the pump station will require 11.4 kilowatt hours 

each year. The U.S. Energy Information Administration estimates that on average in Pennsylvania, each 

megawatt hour of electricity generated emits 816 pounds of C02 (EIA, 2019). Assuming that these 

emissions stay relatively constant, and if we add 113 tons of C02e emissions annually from flaring (PA 

DEP, 2017a), we estimate that the pump station will generate 4,346 tons of C02 each year. We believe 

this to be a conservative estimate because the pumps are not the only electrical load at the pump 

stations.

Because all Mariner East pipelines share these facilities, we adjusted these estimates to reflect the 

burden of the Mariner East 2 pipelines based on throughput relative to that of Mariner East. We 

estimated that the Mariner East 2 pipelines will deliver approximately 80 percent of the throughput of 

all Mariner East pipelines (Hurdle, 2019). Therefore, we estimated that approximately 80 percent of the 

emissions from the pump station and Marcus Hook will be attributable to Mariner East 2. Table 28 

summarizes these results.

8 Because Mariner East and Mariner East 2 use the same equipment at the Marcus Hook facility, we are not able to 

develop specific emissions estimates for Mariner East 2 alone. The Clean Air Council estimated emissions for 

the two pipelines at Marcus Hook using 2009/2010 as the baseline years for calculating the emissions 

increase. The calculations also assumed that the application would be submitted in 2018, which is used as the 

starting point to estimate the five- and ten-year lookback periods.
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Table 28. Estimated C02e Emissions for Mariner East 2 pipelines

Emissions Source
Total Estimated Annual 

C02e
COae Associated with 

Mariner East 2
'

Beckersville Pump Station 4,346 3,464

Marcus Hook Facility 176,622 140,786

Using the same methodology applied to the PennEast GHG cost analysis, we estimated that operation of 

the Mariner East 2 facilities over 50 years will result in a present value social cost of at least $270 to 

$810 million at the average and high impact cost of carbon. We consider these estimates to 

underestimate the full cost of emissions because of the numerous emission sources we were unable to 

include in this analysis.

Table 29. SC-C02 of Emissions Associated with Mariner East 2 (Millions 2017 USD)

PV Cost of Carbon Using 3% Discount Rate

Activity

Marcus Hook Facility 

Beckersville Pump Station 

Total

Using Average 
Cost

$260

$6

$270

Using High Impact 
Cost (95,h Percentile)

$790

$20

$810

PV Cost of 
Carbon (Using 

Average Cost at 
5% Discount Rate

$60

$1

$61

PV Cost of Carbon 
(Using Average 

Cost at 2.5% 
Discount Rate)

$410

$10

$420

Note: All estimates have been rounded to two significant figures. Totals may not sum due to rounding.

Water Quality, Drinking Water and Health Effects

Contamination of Private Wells
As noted earlier in Chapter 4. Health and Safety, pipeline routes are often near private wells. If pipeline 

construction or operation activities contaminate a well's source water or diminish a well's supply, 

homeowners have limited options to ensure continued water supply.

In our analysis of the PennEast and Mariner East 2 pipelines, we identified drinking water wells along the 

pipeline routes and categorized them by distance to the well. The distance ranges, presented in Table 

30, represent a three-tiered classification system. Each tier provides an estimate of the amount of time 

it would take for materials spilled at the surface to migrate to the well. Tier 1 represents two years, Tier 

2 represents five years, and Tier 3 represents 12 years. Our analysis evaluated each well's maximum risk 

tier based on closest intersection with the pipelines. These tiers do not indicate certainty; a well located 

in Tier 1 will not necessarily be contaminated, and wells further than 1,310 feet will not necessarily 

remain uncontaminated. However, we believe these groupings provide a reasonable bundling of risk 

based on proximity. A recent study noted the New Jersey Department of Environmental Protection 

suggested a 1,000-foot monitoring radius from the pipeline (Phillips, et al., 2017). According to our 

analysis, approximately 1,600 domestic wells could be at risk of contamination, and nearly 500 domestic 

wells are within close range of one of the pipelines.
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Table 30. Number of Drinking Water Wells in Proximity to Mariner East 2 and PennEast Pipelines

Number of Drinking Water Wells in Proximity to Pipeline

Pipeline Tier 1:
<544 ft

Tier 2:
544 - 860 ft

Tier 3:
860-1,310 ft

Total Wells 
within 1,500 ft

Mariner East 2 205 129 368 785

PennEast (domestic) 273 129 292 792

Total Number of Wells 478 258 660 1,577

Given the numerous factors required to calculate the probability of a spill, it is not feasible to evaluate 

that probability or estimate the likely costs in this report. However, in the event that wells become 

contaminated through pipeline construction or operation activities, homeowners would lose their water 

source, possibly permanently. As described in the previous chapter, homeowners would be forced to 

connect with an existing system, install whole-home treatment systems that require replacement, or 

rely on bottled water. While alternative water provision incurs additional costs to homeowners, 

contamination of private wells may also affect home values. In one study, researchers determined a two 

to six percent depreciation in a home's value when its private, potable well is contaminated, which 

gradually increases again only once water quality has been remediated (Guignet et al., 2015). While this 

study primarily focused on nitrogen-based contamination, its findings suggest that when a home's 

private well is contaminated and rendered unusable, home value decreases. While we cannot predict 

the likelihood of well contamination, there are numerous examples of well contamination along 

portions of the Mariner East 2 pipeline. Chapter 6. Case Study on the Real Impacts of the Mariner East 2 

Pipeline provides additional detail on the effects contaminated well water can have on homeowners.

High Turbidity at Water Treatment Systems
In addition to contaminating private wells, increased turbidity in surface water supplies can affect raw 

water quality and lead to increased costs for drinking water systems to mitigate the problem. There are 

a number of non-treatment approaches that systems may take, such as increased source water 

protection, implementation of watershed best management practices, selecting among different water 

sources, and regionalization. These alternatives may not always be feasible, so water systems may turn 

instead to treatment technologies to address turbidity. These processes can include increased or 

enhanced coagulation, flocculation, sedimentation, and filtration. As discussed in the previous chapter, 

changes in treatment can have corresponding effects on costs.

Table 31 details the number of PWSs (both surface water and groundwater) that our analysis identified 

as being located near the pipelines and that may be affected by construction and operation. Although 

information on source water intakes is not publicly available due to security concerns, we do know that 

the source water supplies are located in areas that will be affected by pipeline ROWS. The drinking water 

intakes must be subject to some risk of water contamination, but that risk is unknown. Depending on 

the source water type and location, intakes may be vulnerable to problems such as increased 

sedimentation, increased turbidity, and chemical contamination. Given the information on the potential 

cost implications of the water quality changes identified in the previous chapter, these systems may face
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increased costs for various treatment techniques. Additional expenses may range from costs associated 

with making operational changes to existing conventional treatment (e.g. increasing coagulant dose, 

reducing flows to allow greater settling during treatment, shortening filter run times) to costs of 

installing additional treatment (e.g. granular activated carbon).

We grouped water systems into two groups: "likely at risk" and "possibly at risk" of impact. 

Groundwater PWSs that are likely at risk are those for which a portion of the ROW falls within the 

groundwater influence zone (Tier 1, 2, or 3) for at least one of the source wells. If the ROW is located 

slightly beyond the Tier 3 zone, it is classified as a possibly at risk. Surface water PWSs that will likely be 

at risk are those with a pipeline clearing within the watershed that drains directly to a potable use 

stream or reservoir used by the system. Those that are possibly at risk have a credible potential for 

runoff from pipeline activities to affect the PWS's water supply, although it may be downstream. For 

example, PWSs that use the D&R Canal are considered possibly at risk.

Table 31. Number of Surface and Groundwater PWSs Near the PennEast and Mariner East 2 Pipelines

Pipeline

Mariner East 2 

PennEast

Number of 

PWSs Likely at 

Risk

2

13*

Number of 

PWSs 

Possibly at 

Risk

Estimated 

Population Served 

at Risk

49,900

123,966

Estimated 

Population Served 

Possibly at Risk

35,518

947,372

Total 7 9 173,866 982,890

includes eight PWSs that purchase water from a likely impacted PWS
PWS population estimates from U.S. EPA's Safe Drinking Water Information System

Table 31 presents the number of PWSs that are likely or possibly at risk from pipeline activity as well as 

the number of individuals served by those PWSs. Along the Mariner East 2 pipelines, two PWSs will likely 

be at risk, and one is possibly at risk; these PWSs serve a combined population of approximately 85,000 

individuals. The PennEast pipeline affects far more PWSs, with 13 likely at risk and eight possibly at risk. 

Of the 13 PWSs likely at risk, eight are at risk given their purchase of water from the City of Bethlehem 

PWS, a system whose sources - Wild Creek and Penn Forest Reservoirs - would likely face water quality 

changes due to pipeline activities. In total, the number of individuals likely or possibly facing direct 

effects on their drinking water from the PennEast pipeline totals approximately 1,071,000. Overall, 

approximately 1,157,000 individuals consume water that will likely or possibly be affected by the 

PennEast and Mariner East 2 pipelines.

Other Costs

Our analysis estimates that the largest costs associated with the pipeline are captured in the loss of 

ecosystem services, water quality and habitat degradation, and GHG emissions. Nevertheless, there are 

many other costs associated with the pipeline, as noted in the previous chapters. Although these costs 

are smaller in magnitude, they nevertheless demonstrate the breadth of detrimental effects the pipeline
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could have on the DRB region. Our analysis was able to monetize some of these costs, but it is 

challenging or impossible to estimate the monetary value of all costs.

Recreation
As previously described, the construction of the PennEast and Mariner East 2 pipelines will likely disrupt 

recreation activities in the region. We estimated the cost of this disruption by estimating the 

approximate loss in recreation days associated with pipeline construction and multiplying those lost 

days by the value of recreation (measured by the person-day value of each recreation activity).

We estimated that there are approximately 10 million person-days per year dedicated to freshwater 

fishing in the DRB, and approximately 1.3 million of those fishing days occur in a HUC-12 watershed 

crossed by the Mariner East 2 or PennEast pipelines (Table 32). Based on our analysis, the DRB supports 

nearly 14 million person-days of hunting each year (big game and bird hunting), and approximately 1.8 

million of those person-days are spent in a HUC-12 watershed crossed by the Mariner East 2 or PennEast 

pipelines. Table 32 provides an estimated number of person-days of wildlife-based recreation in the DRB 

and in the watersheds that are or will be crossed by the Mariner East 2 and PennEast pipelines. These 

estimates are derived from EPA's EnviroAtlas database and provide an estimate of recreation demand in 

the region.

Table 32. Estimated Person-Days of Recreation per Year in the Delaware River Basin and Watersheds

Affected by Mariner East 2 and PennEast Pipelines

Estimated Person-Days of Recreation Activity per Year

Geographic Location Bird Bird Big Game Freshwater Total

Watching Hunting Hunting Fishing

Delaware River Basin 7,200,000 500,000 13,200,000 9,900,000 30,800,000

HUC-12 Watersheds Crossed by PennEast 600,000 40,000 1,300,000 900,000 2,840,000

HUC-12 Watersheds Crossed by Mariner East 2 300,000 20,000 500,000 300,000 1,120,000

Source: ERA EnviroAtlas

To estimate the total recreation area disturbed by the pipeline, we calculated the total cleared area for 

the temporary and permanent ROWs plus the 100-meter "buffer zone" discussed previously in the 

Recreation section of the Chapter 2. Potential Effects on Industries. This is the land area that is expected 

to incur wildlife disruption resulting from the short-term effects of pipeline construction (e.g., noise and 

vibrations from blasting and digging). Next, we calculated the proportion of this disrupted area as a 

percentage of the total land area in the HUC-12 watersheds crossed by the pipelines. We then estimated 

the number of person-days of wildlife-based recreation lost along the pipeline route by applying this 

percentage to the total estimated person-days of recreation in the watersheds. For lack of more detailed 

recreation data, this analysis assumes that recreation activities are evenly distributed throughout each 

HUC-12 watershed.

It is possible that these recreation days would not be entirely lost. For example, a person that usually 

visits one of the areas affected by pipeline construction may choose to go to a different location.
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However, the person is unable to visit the first-choice location, and additional travel or other expense 

may be incurred to reach an alternative location. It is also possible that some people may entirely avoid 

recreation activities in the area during pipeline construction because of possible reduction in enjoyment. 

Without more accurate data on exactly how construction will affect recreation decisions, a more precise 

analysis is not possible. It is important to note that this analysis does not estimate losses associated with 

hiking. We estimate that PennEast will cross a total of 16 recreational trails and Mariner East 2 will cross 

a total of 11 recreational trails (non-HDD). The costs associated with trail disruption and reduced 

aesthetics are not accounted for in our cost analysis.

We believe that our approach provides a reasonable approximation of the potential loss of recreation 

for bird watching, bird hunting, big game hunting, and freshwater fishing. Table 33 provides a summary 

of estimated lost recreation days by pipeline and recreation activity.

Table 33. Estimated Loss of Recreation Days Associated with Pipeline Construction

Recreation Activity
Total Recreation Days 

in Affected Watersheds

Loss in Recreation Days in the DRB

Mariner East 2* 1 PennEast

Bird Watching 910,000 6,000 13,000

Migratory Bird Hunting 60,000 - 1,000

Big Game Hunting 1,711,000 10,000 25,000

Freshwater Fishing 1,261,000 8,000 19,000

Total 3,942,000 24,000 58,000

*The lost recreation days for Mariner East 2 include those located in the Susquehanna River Basin 
directly adjacent to the ORB.
Recreation days are represented as person-days.

We calculate the estimated cost of lost recreation associated with pipeline construction by multiplying 

the lost recreation days in Table 33 by the person-day recreation values identified in Table 9. The results 

(presented below in Table 34) suggest that Mariner East 2 and PennEast pipelines could cost recreation 

goers approximately $2.8 million in lost recreation enjoyment as the pipelines are constructed.

Table 34. Estimated Cost Associated with Lost Recreation Days in the DRB

Recreation Activity
Average Value per 

Person Day

Cost of Lost Recreation Days (1,000s 2017 USD)

Mariner East 2* PennEast Total

Bird Watching $73 $210 $480 $690

Migratory Bird Hunting $41 $7.5 $18

<J3
f
M

w

Big Game Hunting $73 $380 $920 $1,300

Freshwater Fishing $58 $220 $550 $770

Total $810 $2,000 $2,800

'The lost recreation days for Mariner East 2 include those located in the Susquehanna River Basin directly 

adjacent to the DRB.
Note: All estimates are rounded to two significant figures. Totals may not sum due to rounding.
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Loss represented in Table 34 does not include other economic losses associated with these recreation 

activities (such as travel costs, access fees, subscriptions, or equipment rentals). These estimates also do 

not account for losses associated with other recreation activities in the region (such as hiking) or the 

long-term detrimental effects the pipeline might have on recreation activities in the region. Therefore, 

these estimates can reasonably be considered lower-bound costs resulting from the pipelines.

Protected Areas

As discussed in Chapter 2. Potential Effects on Industries, the PennEast and Mariner East 2 pipelines will 

intersect numerous protected areas in Pennsylvania and New Jersey. Our analysis identified 89 distinct 

protected areas through which the pipelines pass, with the area affected totaling approximately 470 

acres. Included in the 89 protected areas, our analysis identified:

• federal, state, and public lands

• hunting areas

• farm easements, and

• other privately held conserved land.

Notably, PennEast will result in approximately 

40 acres of total (temporary and permanent) 

cleared land in Hickory Run State Park, 100 

acres in PA State Game Lands, and 50 acres in 

the Nature Conservancy's Wild Creek. See 

Figure 2 for a map of protected areas crossed 

by the pipelines.

Protected Areas Crossed by 

PennEast

Overall, one quarter of the land the PennEast 

pipeline is proposed to pass through is 

protected. The pipeline would cross 69 

properties with agricultural, open space, 

recreation, and other types of conservation 

easements.

These protected lands provide a number of important services to the region, such as habitat, agricultural 

production, recreation, and more. These services - which constitute much of the value of protected 

lands - are accounted for in the ecosystem services portion of this analysis. However, additional 

investment has been made to protect these lands for conservation through public acquisition or the 

purchase of easements.

According to our analysis, the PennEast pipeline crosses 69 properties with agricultural, open space, 

recreation, and other types of conservation easements. Conservation easements are purchased, 

typically by conservation organizations or government, to preserve land for a specific conservation 

purpose. These easements represent an investment by the conservation organizations or public to 

protect the land. Conservation easement costs can vary based on location, zoning, development 

potential, nature of the easement, and current market conditions. We estimated the value of land 

protected in fee or through easements in the counties crossed by the pipelines to calculate a cost 

associated with the disruption of this protected land. We collected historic data from the Trust for Public 

Land's Conservation Almanac to estimate the per acre cost of these easement and fee-protected lands. 

These estimates are summarized in Table 35.
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Table 35. Estimated Cost of Protected Land in Pennsylvania and New Jersey

County, State
Average Easement 

Cost Per Acre
Average Fee
Cost Per Acre

Berks County, PA $3,000 $11,000

Bucks County, PA $9,000 $36,000

Carbon County, PA $5,000 $14,000

Chester County, PA $10,000 $28,000

Delaware, PA $7,000 $14,000

Luzerne County, PA $4,000 $7,000

Hunterdon, PA $6,000 $19,000

Northampton County, NJ $9,000 $10,000

Mercer, NJ $11,000 $16,000

Source: The Trust for Public Land's Conservation Almanac, www.conservationalmanac.org

Applying these values to the acres of land disrupted in each county in the DRB, we estimate that 

PennEast and Mariner East 2 will result in a loss of approximately $4 million. These costs are 

summarized in Table 36. We estimate that Mariner East 2 disrupted only 18 acres of easement or fee- 

protected land in the DRB, totaling approximately $170,000 in cost (not included in table). However, 

only a small portion of Mariner East 2 is located in the DRB, and while outside the scope of this analysis, 

the costs associated with land along the entire pipeline could be significantly larger.

Table 36. Estimated Loss in Conservation Easement and Fee-Protected Land for PennEast

State
Easement Fee Total Protected Land

Acres Cost Acres Cost Acres Cost

PA 99 $600,000 180 $1,700,000 278 $2,300,000

NJ 165 $1,300,000 27 $400,000 192 $1,700,000

Total 264 $1,900,000 206 $2,100,000 470 $4,000,000

Although the easements will still be in place after pipeline construction, the purpose of the easements 

has been overridden by the pipeline. With the pipelines' construction, land that was once a large, 

unfragmented forest home to game species, migratory birds, recreational opportunities, and more, 

would be split by with a wide swath of permanently-cleared right-of-way. The fundamental purpose of 

an easement is to preserve the land from residential or industrial development through a financial 

investment; the development of a permanent ROW through an easement would defeat this purpose and 

the public's and organizations' investment. These lands were preserved because they have high value 

ecosystems or agricultural soils. Construction of a pipeline through these preserved areas is a change of 

use that the easements are expressly intended to prevent. Therefore, we assume that the investment to 

protect the acreage with easements has been essentially lost. In addition, the losses in the ROW can
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diminish the value of the surrounding land under easement, such as through ecosystem fragmentation. 

This loss is not included in our analysis and would be in addition to the figures in Table 36.

Property Value
We conducted an analysis of the value of parcels crossed by the pipeline in Hunterdon County, NJ to 

estimate the value of land cleared for the pipeline. Comparing Hunterdon County Parcels data for 2018 

against our GIS maps of the PennEast pipeline, we estimated that land will be cleared on approximately 

180 parcels to accommodate the pipeline in Hunterdon County. The collective value of those parcels is 

approximately $29 million (Table 37). Based on the area cleared for the pipeline in the ROW, we 
estimate that the total value of land cleared for the pipeline in one county alone is approximately $1.4 

million.

Table 37. Value of Parcels Cleared for PennEast in Hunterdon County, NJ

Parcel Type

Number of
Parcels in

ROW

Parcel Area 
affected by 

ROW (Acres)

Total value of 
all parcels with 

any clearing

Total land 
value of 

cleared area

Land value of cleared 

areas as a percentage 
of total parcel value

Residential 50 43 $17,100,000 $950,000 5.6%
1

Farm 97 298 $1,900,000 $120,000 6.3%
_____________ ---------- --------------— --------——-------- ----------------  ----------------
Commercial 6 12 $6,900,000 $160,000 2.3%

All other 26 38 $3,200,000 $190,000 5.9%

Total 179 391 $29,100,000 $1,420,000 4.9%

Source: Hunterdon County Parcel Data (2018)

It is important to note that this does not represent a loss in property value. Rather, it demonstrates that 

the collective value of the land the pipeline will disrupt is high. The actual loss of property value 

associated with the pipeline could be higher or lower than the value of areas cleared for the ROW. 

Additionally, these data represent Hunterdon County parcels only. The pipeline will pass through the 

heart of other counties in the DRB including Carbon and Northampton Counties (PA) and may also cross 

parcels in short segments within Bucks County (PA), Mercer County (NJ), and Luzerne County (PA).

Sensitivity Analysis

The cost analyses above rely on assumptions and are accompanied by some degree of uncertainty. We 

conducted a sensitivity analysis, which involves the adjustment of key assumptions to determine the 

effect of these assumptions on the outcome. When possible, our cost estimates already incorporate an 

evaluation of sensitivity through the use of a range of cost values. For example, the ecosystem services 

estimates use low, medium, and high values from the literature for each ecosystem. That analysis also 

demonstrated the effect of low, medium, and high forest regrowth periods on the results. Our 

sensitivity analysis in this section will examine the effect of the discount rate on the results and the 

effect of a shorter operation period on the GHG cost estimates.
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We use a discount rate of 3 percent in this analysis to calculate the present value of future streams of 

costs. The discount rate was used for cost analysis of lost ecosystem services in the permanent ROW, 

lost ecosystem services during forest regrowth in the temporary ROW, climate effects from GHG 

emissions, and the expected value of mortality risk. None of the other cost analyses in this report 

evaluate costs over time. As previously described, the discount rate accounts for the time value of 

money so that we can compare costs over time. There is no consensus on the "correct" discount rate. 

We chose 3 percent for this analysis because it is commonly used to represent the social discount rate. 

However, discount rates can range from 2.5 percent to 7 percent. We applied 2.5, 5, and 7 percent 

discount rates in our sensitivity analysis below. The sensitivity analysis under different discount rates for 

the cost of GHG emissions has already been conducted in the Climate section of this chapter.

Our low-end estimates using a 7 percent discount rate are approximately $9.8 million for PennEast and 

$2.4 million for Mariner East 2. On the other end of the range, our estimates using a 2.5 percent 
discount rate range from $19 million to approximately $140 million for PennEast and $4.7 million to $36 

million for Mariner East 2.

Table 38. Estimated Costs Associated with Lost Ecosystem Services at Varying Discount Rates

Discount Rate Low Medium High

PennEast

2.5% $19,000,000 $47,000,000 $140,000,000

3% $17,000,000 $43,000,000 $130,000,000

5% $12,400,000 $31,000,000 $92,000,000

7% $9,800,000 $24,400,000 $72,000,000

Mariner East 2

2.5% $4,700,000 $12,000,000 $36,000,000

3% $4,300,000 $11,000,000 $33,000,000

5% $3,100,000 $8,000,000 $24,000,000

7% $2,400,000 $6,200,000 $18,000,000

Using the results of this sensitivity analysis, we calculated the total range of costs under a 2.5, 3, and 5 

percent discount rate. Because the GHG emissions estimates can only be conducted using a 2.5, 3, and 5 

percent interest rate for the average SC-C02, we were unable to develop an overall analysis at the 7 

percent discount rate. Additionally, the high SC-CO2 estimate was only available at the 3 percent 

discount rate, so our sensitivity analysis below uses the average SC-CO2 estimate for the low, medium, 

and high value estimates.

Figure 7 presents the results for the PennEast cost analysis. Estimates range from approximately $130 

million for the low estimate under a 5 percent discount rate to approximately $890 million for the high 

estimate under a 2.5 percent discount rate. It is important to remember that this range does not 

account for the high value estimate of the SC-C02, which is estimated to be much larger than the
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average SC-CO2. Consequently, we consider the high estimate at the low discount rate to be well within 

the reasonable range of potential costs of the PennEast pipeline.

2.5% 3% 5%

Discount Rate

■ Low ■ Medium ■ High

Figure 7. Estimated Low, Medium, and High Present Value Costs for PennEast Using Three Discount 

Rates (Using Average SC-CO2 Estimates, 2017 USD)

Figure 8 presents the results for the Mariner East 2 cost analysis. Estimates range from approximately 

$65 million for the low estimate under a 5 percent discount rate to approximately $460 million for the 

high estimate under a 2.5 percent discount rate.

2.5% 3% 5%

Discount Rate

■ Low ■ Medium ■ High

Figure 8. Estimated Low, Medium, and High Present Value Costs for Mariner East 2 Using Three 

Discount Rates (Using Average SC-CO2 Estimates, 2017 USD)
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Finally, we calculated the sensitivity of our analysis to the assumption that each pipeline will operate for 

50 years. Table 39 summarizes the results for each pipeline for 50-year and 30-year operating periods.

As demonstrated in the table, a shorter operating period has fewer GHG emissions and results in a lower 

overall cost associated with these GHG emissions. However, because costs in future years are 

discounted (in this case using a 3 percent discount rate), the reduction in cost is less than the reduction 

in the operating period. Therefore, even under a shorter operating period, the costs of GHG emissions 

associated with the pipelines are still large.

Table 39. Estimated Costs Associated with GHG Emissions Under Different Operation Assumptions

Years in Operation Average Cost of CO2

High Impact Cost of CO* 
(95,h Percentile)

PennEast

50 $470,000,000 $1,400,000,000

30 $330,000,000 $1,010,000,000

Mariner East 2

50 $260,000,000 $810,000,000

30 $180,000,000 $560,000,000

The largest degree of uncertainty is the effect of GHG emissions from the PennEast and Mariner East 2 

pipelines on climate change, but recent scientific literature suggests that the estimates for the SC-CO2 

included in this analysis may reflect a lower-bound estimate. We consider our analysis using EPA's 

average SC-CO2 estimates to be a conservative estimate. In other words, we have reason to believe that 

the actual cost of GHG emissions from the pipeline could be much greater than estimated in this 

analysis. Furthermore, these estimates do not include downstream emissions resulting from burning the 

fuel, which would be much greater in magnitude.

There is no question that uncertainty results in a very high range of potential costs for these pipelines. 

However, we believe the average estimate under a 3 percent discount rate (approximately $790 million) 

to be a reasonable expected outcome for several reasons. First, this report describes many 

environmental and social costs that we were unable to monetize or otherwise estimate. Notably, we 

recognize the following unknown costs as potentially significant:

• Pollution and sediment loading in freshwater streams will likely degrade aquatic habitats, 

potentially causing short- and long-term damage to aquatic life and possibly damage to 

commercial and recreational fishing activities. While we have estimated potential disruption of 

freshwater fishing in the buffer areas during construction, we have not estimated long-term 

effects on fishing as a result of the pipelines.

• Pollution and sediment loading in waters designated as public water supplies may result in 

additional treatment costs at public water systems. Sediment in public water supplies is known 

to be of great concern and cost to drinking water systems, and research demonstrates that 

pipeline construction contributes to sediment loading in nearby streams. Increases in sediment
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loading may limit the storage capacity of streams and reservoirs, necessitating more frequent, 

costly dredging.

• Community disruption, including damaged private wells, sinkholes, reduction in property

values, noise and other construction-related and long-term problems have not been included in 

the monetary estimates in this analysis. Nevertheless, as demonstrated in the Mariner East 2 

case study, these problems are real and have been documented as a result of the construction 

of the Mariner East 2 pipeline.
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6. Case Study on the Real Impacts of the Mariner 

East 2 Pipeline

Key Findings

■ As of February 2019, there have been approximately 240 inadvertent returns 

of drilling fluid to land and water along the Mariner East 2 pipeline route, 

and the PA DEP had issued 94 notices of permit violations.

■ As of March 2018, seven sinkholes and 386 surface depressions had been 

found within 1,500 feet of a Mariner East 2 HDD site, and approximately 38 

percent of the planned HDD segments occur in carbonate rock areas, which 

are susceptible to sinkholes.

■ There have been environmental damages to streams of at least $13 million in 

value, as estimated based on PA DEP fines levied on Sunoco. Also, well 

contamination has been estimated at $60,000 per contaminated household 

based on compensation offered by Sunoco.

■ An independent risk analysis found safety risks to be elevated when the 

three Mariner East pipelines are co-located along the ROW route, with the 

risk of mortality exceeding 1 in 100,000 per year for outdoor exposure along 

the pipelines' routes. This risk is greater than the risk of mortality as a result 

of exposure to smoke, fire, or flames (which is approximately 1 in 121,000 

per year).

■ In the event of a pipeline leak, residents are to evacuate on foot uphill, 

upwind, away from the pipeline, to a distance no less than half a mile. All 

potential ignition sources are to be avoided during a leak event. At least one 

community is considering installation of its own leak detection equipment as 

well as emergency notification systems that include air raid horns and strobe 

lights as a means of warning residents of an NGL leak.

Overview

Since its construction began, Mariner East 2 has been the source of great contention and has sparked 

significant concern among residents and land owners. Construction associated with the Mariner East 2 

pipelines has contaminated drinking water sources, been connected to sinkhole formation in residential 

neighborhoods, contaminated local waterways and wildlife areas, and caused significant disruption to 

nearby communities and homeowners. Sunoco Pipeline LP, the company building and operating Mariner
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East 2, has faced permit violations, legal battles, monetary fines, state and federal penalties, and 

extensive public opposition. The numerous unintended consequences of the pipeline's construction - 

such as sinkholes and IRs of drilling fluids - have made Mariner East 2 a prominent source of concern for 

pipeline development. Repeated violations of permit requirements and orders from the PA DEP have 

culminated in temporary construction halts on Mariner East 2. Also, a temporary hold was issued on all 

clean water permit approvals for ETP and its subsidiaries (including Sunoco) who operate multiple 

pipelines in the region.

This case study draws from publicly available information and direct communication with homeowners 

to identify and describe the consequences of Mariner East 2 pipeline construction activities.9 This case 

study focuses on the damaging effects of the pipelines that have been incurred and costs that have been 

documented.

Water Quality and Ecosystem Impacts

As discussed earlier in Chapters. Other Environmental Effects, pipeline construction and operation pose 

several potential risks to surface water ecosystems and drinking water sources. Increased 

sedimentation, well integrity, arsenic migration, and contamination by drilling fluid can have long-term 

implications for surface water ecosystems, drinking water treatment, and source water viability. Many 

of these potential risks have materialized into actual costs during the construction of the Mariner East 2 

pipelines.

The construction of the Mariner East 2 pipelines includes 39 sections of HDD in the DRB, totaling 

approximately 19 miles in length. As of February 2019, the 20-inch Mariner East 2 pipeline had resulted 

in approximately 240 IRs of drilling fluid to land and water along the pipeline route, and the PA DEP had 

issued 94 notices of permit violations (PA DEP, 2019a). Also, over 150,000 gallons of drilling fluid have 

been spilled during construction of the 20-inch Mariner East 2 pipeline (PA DEP, 2019a). These 

contamination events have polluted private drinking wells, wetlands, and waterways.

Construction on the 20-inch Mariner East 2 pipeline was first suspended in July 2017 when numerous 

households in Chester County, PA experienced contamination of their private wells, evidenced by 

withdrawal interruption and/or a cloudy color in the water (Maykuth, 2017a; PA DEP, 2017b). Several 

mitigating actions were needed to ensure that the affected homes had access to water and to 

compensate them for the damages:

• Sunoco provided bottled water to about a dozen affected homes and provided hotel 

accommodations for five affected families (Rettew, 2017a; Maykuth, 2017b)

• As a long-term remediation strategy, Sunoco also agreed to pay to connect approximately 30 
affected homes to the local municipal water supply (Maykuth, 2017a; Weiss, 2017)

• Sunoco paid $60,000 to homeowners for new water connections to cover municipal water costs, 
releasing Sunoco from several claims such as "causes of action, damages, liabilities, and losses"

9 Information in this case study is accurate as of April 20, 2019.

78

Flynn Exhibit Page 625



CADMUS
(Rettew, 2017b). Many homeowners accepted this settlement, but at least one did not, citing his 

belief that affected residents should not have to agree to the settlement in order to have access 

to clean water (Rettew, 2017b; Phillips, 2017a).

Some homes required only the addition of a small service line from an existing main, but other affected 

homes were located farther away, necessitating construction of a new 1,600-foot main (Maykuth, 

2017a). Construction of this water main was more time intensive and costly than the addition of service 

lines. In this case, a group of about 30 homes were near enough to municipal service to construct a new 

main. However, in other areas along the pipeline, some homes were too far from municipal service for a 

new connection. When wells on these properties were permanently damaged, homeowners lost their 

drinking water supply and have relied indefinitely on bottled water or large water buffalos (replenished 

by trucks approximately three times per week). In addition to financial costs, the need to treat 

contaminated water or use alternative water sources can be challenging to homeowners. Lack of a 

viable water supply can also reduce property values and decrease a homeowner's ability to sell the 

property (discussed in more detail in the following section).

PA DEP suspended Sunoco's construction permits a second time in January 2018 after the company 

failed to follow its permit conditions and contaminated additional private wells in Cumberland County, 

PA (PA DEP, 2018b). In addition to IRs and groundwater contamination, several of Sunoco's permit 

violations were issued in response to the company conducting HDD activities at sites for which HDD was 

not authorized, including at sites designated as Exceptional Value Waters, High-Quality Waters, 

Migratory Fish Waters, or Class A Wild Trout Waters.

One of the consequences of Sunoco's HDD activities in 

Cumberland County was the loss of a farmer's well water.

The well of Ralph Blume, a Cumberland County, PA farmer, 

was contaminated by diverted water from the pipeline 

construction process, which turned the well water yellow 

and "slimy." After using this water, Mr. Blume broke out into 

a rash, which he believes was caused by the water 

contamination. He drilled a new water well, but the water 

drawn from this new well was also unusable because it 

tested positive for magnesium and sulfur, and it appeared 

black as it ran out of the faucet. The source of these 

contaminants is unknown. According to Mr. Blume, the cost 

to dig the new well was about $7,000, and additional costs of 

about $10,000 would be needed to install, operate, and 

maintain necessary filtration treatments. In addition to the 

loss of potable water, Mr. Blume's farm suffered damage as 

a result of the pipeline construction. During construction, 

pipeline workers removed the topsoil, put it into a pile, and 

covered it with hay to prevent erosion. Mr. Blume noted that 

this process introduced an invasive weed called foxtail and will

Contaminated Well Water 

in Cumberland County, PA

This cup holds contaminated water 

from Ralph Blume's private well.

Photo credit: Ralph Blume

result in the complete loss of farmable
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land in that field until the weeds can be effectively eliminated, which may take years (R. Blume, personal 

communication, March 28, 2019).

In response to Sunoco's 

repeated permit violations and 

contamination of surface and 

groundwaters, the PA DEP 

issued Sunoco a fine of $12.6 

million in February 2018 - one 

of the largest civil penalties 

ever in the state (PA DEP, 

2018c). PA DEP determined that 

the $12.6 million penalty would 

go to the Clean Water Fund and 

the Dams and Encroachments 

Fund to award grants for 

projects that "reduce or 

minimize pollution and protect 

clean water in the 85 

municipalities along the length 

of the pipeline corridor" (PA 

DEP, 2018d). Funded projects

Pipeline Construction in Cumberland County, PA

Construction activity on farmland degraded the quality of the land, 

according to land owner Ralph Blume.

Photo credit: Ralph Blume

ranged from stormwater runoff management at a local high school in Berks County and streambank 

stabilization in Dauphin County, to floodplain restoration in Lancaster County and water system 

improvements in Lebanon County (Blanchard, 2018). Despite the magnitude of this historic fine, Sunoco 

continued to violate its permit conditions, conducting activities that resulted in "unpermitted discharge 

of drilling fluids to wetlands, wild trout streams, and High-Quality Waters at a number of locations.Jn 

violation of its permits and the Clean Streams Law" (PA DEP, 2018e). These continued activities resulted 

in two additional fines by the PA DEP, one for $355,000 in May 2018 and a second for $148,000 in 

August 2018 (PA DEP 2018e and f). These fines can be considered a proxy for the environmental costs 

incurred as a result of the pipeline construction activities, but they do not address the contamination 

issues of numerous private drinking water wells.

Most recently in February 2019, the PA DEP suspended all reviews of clean water permit applications 

from ETP and its subsidiaries (including Sunoco) due to ET's failure to comply with an order issued in 

October 2018 to address issues including erosion and "sediment-laden discharges into waterways," 

stemming from ET's Rover pipeline (PA DEP, 2019b). This continued failure to address water-related 

issues points to a systemic problem and suggests that ongoing operations continue to put DRB 

waterways at risk.

Because construction of the Mariner East 2 pipelines is still ongoing, the full ramifications of 

construction and operation of the pipeline cannot be known, and risks remain. For example, the path of 

the Mariner East 2 pipelines is near three public water supplies—Downingtown Water Authority and
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Aqua Pennsylvania of West Chester and Aqua Pennsylvania of Uwchlan—putting residents in all three 

municipalities at risk of contamination (Table 40). Through a combination of surface water and 

groundwater sources, these three PWSs serve approximately 85,000 people. No damaging effects have 

been reported for any PWSs yet, but and at least one aquifer feeding private wells in Chester County 

was punctured by Sunoco's operations (Phillips, 2017a). With the continued construction and ultimate 

operation of the Mariner East 2 pipelines, these three public water supplies remain at risk of damage. 

Our analysis indicates that Mariner East 2 could damage each of these water systems if something went 

wrong. As explained previously in Chapters. Analysis of Costs Associated with the PennEast and Mariner 

East 2 Pipelines, we estimated that a groundwater source is likely at risk if part of the pipeline ROW falls 

within the groundwater influence zone. If a pipeline is in close proximity to the groundwater influence 

zone (about 500 ft) of a well, then we determined that the well is possibly at risk of being damaged as a 

result of the pipeline. Wells located beyond the groundwater influence zone may also be at risk, but our 

analysis focuses on the groundwater influence zone as we believe that it represents the greatest 

possibility of risk.

For surface water sources, we estimated that a water source is at risk when there is pipeline clearing 

within the watershed that drains directly to a potable use stream with an intake or reservoir with public 

supply use. Downingtown Water Authority's water, which is drawn from East Branch Brandywine Creek 

and Marsh Creek River, is most at risk because the pipeline ROW travels through the watersheds that 

drain to these streams.

Table 40. Public Water Systems at Risk from Mariner East 2 pipelines

Water System Name

Approximate

Population

Served

Source Water Type At Risk Affected Source

Downingtown Water 
Authority

9,900 Surface water, wells Yes
East Brach Brandywine Creek, 

Marsh Creek Reservoir

Aqua PA - West Chester 40,000 Surface water, wells Probable Brandywine Creek

Aqua PA - Uwchlan
Division

35,000 Surface water, wells
Possible if wells 

near pipeline
Wells, purchased surface water

Safety Concerns

As previously noted, the Mariner East 2 pipelines transport hazardous highly volatile liquids (HVLs) in the 

form of NGLs, which include ethane, propane, and butane. Upon depressurization, these HVLs vaporize 

from the liquid state to an extremely flammable or explosive gas. Some residents have indicated that 

this long-term pipeline risk is of much greater concern than the temporary concerns about construction 

activities and water contamination (E. Friedman, personal communication, January 24, 2019; Phillips, 

2017b). Potentially fatal hazards resulting from ignition of HVLs along the pipeline include jet fires, pool 

fires, flash fires, and vapor cloud explosions. Asphyxiation around an HVL release is also a fatal risk. 

These risks were so concerning to the communities along the pipeline that it resulted in Pennsylvania 

municipalities, nonprofit organizations, and individuals across the state raising funds for an independent 

study of the risks posed by the pipeline in Delaware and Chester Counties, Pennsylvania (Quest
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Consultants Inc., 2018). The modeling analysis considered wind speed and the size of the rupture to 

estimate the maximum hazard distances for a leak, rupture, or explosion on the Mariner East 2 

pipelines. The study estimated that the flammable vapor cloud could spread downwind from the 

leakage site in an oblong shape and that the cloud could extend from 120 feet (created by a quarter-inch 

hole) to 2,130 feet (created by a complete rupture) from the leakage site. The distance and shape of the 

cloud would also depend on atmospheric conditions.

Overall, the study found elevated risks when the three pipelines are co-located along the ROW route, 

with the risk of mortality exceeding 1 in 100,000 per year for outdoor exposure along the pipelines' 

routes. This risk is greater than the risk of mortality as a result of exposure to smoke, fire, or flames 

(which is approximately 1 in 121,000 per year) (Quest Consultants, Inc., 2018). The study found that 

pipeline valve stations pose the highest risk, with the risk of mortality due to a pipeline release 

exceeding 1 in 10,000 per year for those in the immediate area around valve stations. This risk is 

approximately equal to the risk of dying in a motor vehicle accident (Quest Consultants Inc., 2018). 

According to our analysis, approximately 5,000 people live within 2,130 feet of a single valve on the 

Mariner East 2 pipelines in the ORB. There is also one elementary school within approximately 600 feet 

of a valve station (Quest Consultants Inc., 2018). The Quest analysis concluded that risks are also 

elevated at HDD entry/exit points (and lowered along HDD sections due to the depth of the pipeline).

A second risk analysis drew similar conclusions. For a person on the centerline of Mariner East 2, the risk 

of mortality is 1 in 161,290.10 This analysis evaluated only the risk associated with the body of the 

pipeline and did not incorporate the risk associated with valves or other nearby pipelines, which could 

increase risk estimates (G2 Integrated Solutions, 2018). The findings from the Quest and G2 analyses 

demonstrate that the risk level for the Mariner East 2 pipelines is within range of other common risks. 

According to the analysis, a full bore rupture with "neutral" atmospheric conditions (winds of 4.5 meters 

per second) and early ignition (at 2 minutes) would result in a flammable vapor cloud extending 500 

meters (0.3 miles) from the centerline. If ignited, the vapor cloud explosion would result in a shockwave 

that would be fatal to anyone located in an area of approximately 150,000 square meters (equivalent to 

about 37 acres). However, the G2 study also determined that a fatal thermal impact zone could extend 

to more than a mile from the site of the blast under some circumstances.11 While the probability of such

10 The Quest Consultants, Inc. and G2 Integrated Solutions studies both estimate the risk associated with

continuous outdoor exposure (24-hours per day, 7-days per week) and should be considered a maximum 

individual risk level. The authors claim that this assumption is consistent with common quantitative risk 

assessment methodology.

11 The large fatal thermal impact zone can result if there is a high pressure release, a stable atmosphere with winds

at 1.5 meters per second, and a long ignition delay. This is a worst-case scenario. The G2 study uses an early 

ignition delay for most of its analyses, "justified by the argument that in a populated, urban area such as 

Delaware County, a dispersing flammable NGL cloud is more likely to ignite sooner rather than later due to the 

likely presence of numerous ignition sources."
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an event is extremely low, the consequences in densely the populated communities along Mariner East 

2 would be devastating.

Leak protocol and evacuation methods for the Mariner East 2 pipelines indicated that in the event of a 

leak on the pipeline, residents, if aware that the leak exists, are to evacuate on foot uphill, upwind, away 

from the pipeline, to a distance no less than half a mile. Because of the well-known dangers associated 

with an NGL leak, all potential ignition sources are to be avoided during a leak event, including vehicles, 

cellphones, land lines, doorbells, electric garage openers, and more (Hurdle, 2018a). Current notification 

systems rely on a reverse 911 system, yet residents are directed not to use cell phones, leading to 

confusion and formal complaints from residents (Hurdle, 2018a). At least one community is considering 

installation of its own leak detection equipment as well as emergency notification systems that include 

air raid horns and strobe lights as a means of warning residents (E. Friedman, personal communication, 

January 24, 2019). These costs may be significant, and the warning system's presence may have a 

detrimental effect on property values.

Property Value

Homeowners located along the path of the pipeline have expressed significant concerns about the effect 

of pipeline construction and operation on their property values. In addition to well contamination 

discussed above, the occurrence of sinkholes and the general risks of being located near the pipeline are 

among homeowners' primary concerns. As described earlier in the Property Value section,

Pennsylvania's karst geology makes it more susceptible to sinkholes than other regions. In West 

Whiteland Township in Chester County, PA, numerous sinkholes have opened along the ROW of Mariner 

East 2 construction (Sasko, 2018). As of March 2018, seven sinkholes and 386 surface depressions had 

been found within 1,500 feet of a Mariner East 2 HDD site (Fractracker Alliance, 2018). There are 230 

HDD segments for the entire Mariner East 2 pipelines. As of March 2018, approximately 38 percent of 

the planned HDD segments would be located in areas with carbonate bedrock, which is susceptible to 

sinkholes (Fractracker Alliance, 2018). Additionally, about 40 percent of instances of IRs of drilling fluids 

had occurred in carbonate rock areas (Fractracker Alliance, 2018).

Numerous news articles dating back several years have highlighted the detrimental effects of pipeline 

construction on property values near the Mariner East pipelines. From sinkholes appearing in backyards 

spanning 15 feet wide and 20 feet deep, to loss of water wells that residents have relied on for years, 

residents have lodged numerous complaints about the construction activities. In at least one instance, a 

sinkhole opened deep enough to reveal the Mariner East I pipeline, prompting the Public Utility 

Commission to shut down operation in the face of "potentially catastrophic risk to public safety" (Sasko,

2018).
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Many residents have taken further steps to 

protect their families and properties from 

the risks associated with the Mariner East 2 

pipelines. Residents in Chester County, 

Pennsylvania filed a class action lawsuit 

against Sunoco in March 2018 alleging that 

pipeline construction opened up sinkholes; 

damaged their property; caused cracks in in 

the foundations, walls, and chimneys of 

their homes; and damaged driveways. The 

lawsuit also alleged negative impacts of 

construction on the plaintiffs' quality of 

life, including reduced "use of quiet 

enjoyment of their property" and 

detrimental effects on home values 

(Rettew, 2018).

The complaints alleged in the lawsuit stem 

in part from Sunoco's use of HDD in areas 

that are typically not recommended for 

that type of drilling (Sasko, 2018). For 

example, areas susceptible to sinkholes or 

located near faults or fractures could face 

an increased risk of incidents due to HDD, 

but the drilling practice is claimed to have 

been used by Sunoco in such vulnerable 

locations (Sasko, 2018). The lawsuit alleged 

that the company knew or ought to have 

known about the potential fissure beneath 

one of the plaintiff's properties (Sasko, 

2018). A year after it was initially filed, the 

lawsuit was settled out of court.

There appears to be inconclusive evidence 

in the scientific literature on the effects of 

transmission gas lines on nearby property 

values, as noted earlier in this report. 

However, anecdotal accounts of attitudes, 

perceptions, and priorities of prospective 

and recent homebuyers suggest that there

Sinkholes in Thornbury Township Caused 

by Construction Activity

Sinkholes appeared in numerous yards shortly after 

pipeline construction began.

Photo credit: Eric Friedman 

may be a real cost to property values that is not reflected in the market.
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Unaticipated problems encountered during drill pullback of the Mariner East 2 pipeline highlight the 

extent of disruption that pipeline construction has on nearby residents. In Media, PA, pipeline pullback 

activity began in mid-June 2018 and continued 24 hours a day, seven days a week, for approximately 

four months. Pipeline pullback typically occurs over one to two days. The pullback entailed large lights 

shining throughout the night into nearby apartments and loud noise and vibrations throughout the day 

and night. One resident at nearby Tunbridge Apartments, who is retired and thus was present in her 

apartment for the majority of this time, noted she was largely unable to sleep for the duration of the 

pullback. She was unable use her patio or open her windows due to continual noise, light, and presence 

of construction workers, some of whom slept in their work vehicles. This resident experienced 

numerous hardships, such as emotional 

distress, anxiety, loss of sleep, pain and 

suffering, and loss of the tranquility of her 

home. To compensate for the disturbance,

Sunoco offered residents payments of $500 

per day or payments for living expenses such 

as hotels should they choose to leave during 

this time. One resident received payments 

totaling $20,000, although Sunoco did not 

cover the full duration of the drilling. (Lori 

Bartholomew, personal communication, April 

15, 2019). If we assume that all 114 residential 

units in Tunbridge Apartments were paid $500 

per day for 40 days, that equals $2.3 million 

dollars in compensation. In addition to the 

Tunbridge Apartments, there appear to be 

several other residential buildings near the 

drilling location. These include other 

apartment buildings, a senior living home, and 

numerous residential houses. These are not 

included in our analysis but may have also 

suffered from the pipeline construction 

similarly to the Tunbridge residents' 

experience.

Recent buyers in the area also noted that they would not have purchased their homes if they had known 

about Sunoco's purchase of easements (Maykuth, 2018). One buyer was unaware that the previous 

owners had sold easements to Sunoco and no longer wanted to remain in the newly purchased home. 

However, a lawyer advised that the cost to contest the sale would not be worthwhile (Maykuth, 2018). 

His home is now valued at ten percent less than his purchase price according to a real estate website 

(Maykuth, 2018). Nearby, a valve station located approximately 1,000 feet from Glenwood Elementary 

School has worried parents and may be influencing property values in the school's catchment area. One 

broker noted that this area's home prices have lagged behind home prices near other elementary

Problems with Drill Pullback in 

Delaware County, PA

Mariner East 2 passes through Media, PA, where the 

pipeline construction process included HDD 

activities. Pipe installation in the HDD process is 

accomplished in the "pullback" phase, during which 

a prefabricated pipeline is pulled back through the 

drilled tunnel to the drilling rig. This process 

typically occurs on a 24-hour basis for one to two 

days, generating considerable noise and vibration.

In Media, the pullback phase for one HDD site 

operated continually for approximately four 

months. Sunoco purportedly compensated nearby 

homeowners $500 for each day of the process. (Lori 

Bartholomew, personal communication, April 15, 

2019)
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schools in the same district by about seven percent (Maykuth, 2018). Additionally, these homes - which 

had previously sold seven days faster than those in other areas of the school district - now sell two days 

more slowly (Maykuth, 2018).

At least two families have moved out of the area to ensure that their children would not attend 

Glenwood Elementary School (Thomas Smith, personal communication, April 14, 2019; Allison Chabot, 

personal communication, March 29, 2019). One of these families was living next door to an HDD pad 

and described the activity as producing "deafening sounds from jamming in the pipe." After measuring 

the noise level inside their home, they found it similar to that of a factory room floor where people 

typically wear earplugs. Because of the safety risks posed by the valve station near the elementary 

school, the ongoing construction next door, and the mental and emotional toll of the pipeline's risks, the 

family decided to move despite the fact that they were unable to put their house on the market and 

subsequently let it go into foreclosure (A. Chabot, personal communication, March 29, 2019).

The Mariner East 2 pipelines also raise concerns regarding insurance rates and availability. At least one 

community has encountered difficulty with general liability coverage. A subdivision of Thornbury 

Township was approved as a cluster design for conditional use, where homes are set on relatively small 

lots and a large portion of the total lot is preserved as undeveloped space. The homeowners' association 

(HOA) maintains liability insurance for the preserved space, which Sunoco seized for the pipeline's ROW. 

The HOA asked the insurance company about potential premium increases due to the new pipeline and 

was notified by a representative

of Community Association Thornbury Township, PA
Underwriters of America in March 

2016 that if Mariner East 2 is 

constructed through the 

community's open space, the 

association would no longer be 

eligible for liability insurance given 

the risk involved (E. Friedman, 

personal communication, January 

24, 2019). At this time, the HOA's 

insurance has not been revoked, 

but Mr. Friedman remains 

concerned about the risk of losing 

liability insurance and the future 

viability of his community's HOA.

Homeowners have expressed 

similar concerns for the future 

costs and availability of 

homeowner's insurance.

Preserved open space in preserved subdivision used for Mariner East 2 

pipeline.

Photo Credit: Eric Friedman
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Litigation
In response to the safety and environmental concerns surrounding Mariner East 2, communities and 

individuals have invested countless hours in efforts they believe necessary to protect their homes and 

families. For example, one self-employed homeowner became involved in the organizations opposing 

the pipeline and estimates that she lost 15 to 20 percent of her annual income due to the time and 

effort she expended on activities related to the pipeline (A. Chabot, personal communication, March 29,

2019). These communities and individuals also initiated numerous legal actions against Sunoco in an 

effort to reclaim lost value associated with property, safety, and environmental quality. West Goshen 

Township (Chester County, PA) has documented its own legal struggle with Sunoco since 2014 in 

response to what it claims is a breach of the township's and Sunoco's "mutual Settlement Agreement to 

ensure the safe and efficient operation of the projects through [the township's] community" (West 

Goshen Township, 2019). Due to safety concerns about the location of Sunoco's initially proposed 

facilities, West Goshen Township filed a complaint against Sunoco. The township and Sunoco reached a 

settlement agreement in May 2015 that, in part, identified the location of automated valve locations for 

the pipeline and established procedures for notifying the township of any changes. The township later 

discovered that Sunoco had changed the location of that valve station without providing the required 

notice to the township. In response, the township filed a lawsuit against Sunoco in March 2017.

West Goshen Township claims that the pipeline has resulted in significant losses for the community. 

Failure of Sunoco to construct the pipeline within the planned parameters resulted in the loss of an 

approximately $35 million development project. According to West Goshen Township, an unauthorized 

location of valve stations near the development "scuttled" the project that would have "provided a 

nearby independent living facility accessible to retired Township residents." The Township also 

estimates that loss of the project will also result in the loss of approximately $400,000 in road 

improvements and over $100,000 in income from permit fees, earned income, and real estate taxes 

(West Goshen Township, 2019). These losses, along with an estimated $700,000 in legal costs, and 

"countless Township staff hours" to fight Sunoco since 2014, have resulted in a significant toll on the 

community.

Another lawsuit by Delaware Riverkeeper Network against Sunoco argues that the company failed to 

obtain a NPDES permit following discharges and thus violated the Clean Water Act (Hurdle, 2018b). An 

additional lawsuit involves a criminal investigation by the Chester County, PA District Attorney into 

Sunoco's construction activities. The District Attorney's office cited the appearance of sinkholes, well 

contamination, environmental violations and fines, and an explosion caused by another ETP pipeline in 

nearby Beaver County all as causes for the investigation (Chester County District Attorney's Office, 

2018). Based on its findings, the District Attorney's office could charge Sunoco employees with "causing 

or risking a catastrophe, criminal mischief, environmental crimes, and corrupt organizations" (Chester 

County District Attorney's Office, 2018). Some of the suits have also targeted the state government, 

such as one suit in which three environmental groups claimed PA DEP did not adequately enforce 

protections against spills (Hopey, 2018).
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These lawsuits demonstrate that communities believe that due to Sunoco's repeated violations of its 

permit requirements and the actual damaging effects of the Mariner East 2 pipelines on private 

property, they must provide their own oversight to protect their land, water, and safety - oversight that 

Sunoco has failed to deliver.

Summary of Costs

In addition to the potential costs estimated in Chapters. Analysis of Costs Associated with the PennEast 

and Mariner East 2 Pipelines, Sunoco has incurred numerous additional costs that are not accounted for 

in the original construction cost estimates, as have the communities situated along its path. 

Environmental, social, and legal costs have been incurred by many parties, but because the breadth and 

scale of these costs is so large, a complete itemization of these costs is not available. Table 41 

summarizes some of these costs as well as those that have been discussed throughout this chapter.

Table 41. Summary of Costs Associated with the Mariner East 2 Pipeline

Water quality and environment

Litigation and safety

Noise and vibrations

• Environmental damages to streams of at least $13 million, based on PA DEP 
fines levied against Sunoco

• Well contamination estimated at $60,000 per contaminated household 
(based on compensation offered by Sunoco)

• Potential future costs of contaminated public water supplies or private 
wells (not monetized)

• Litigation expenses of at least $700,000 for one Township plus costs of 
other known litigation actions (associated costs for these are unknown)

• Lost time associated with the need for community members and local 
governments to identify and oversee potential problems from the pipeline

• Potential long-term costs of leak warning systems

• Potential unknown long-term costs associated with pipeline failure

• Undocumented costs to residents of moving or adjusting lifestyles to avoid 
the pipeline

• Nearly $200,000 in private and public funds to address the safety risks 

posed to communities

• Nearly $200,000 in legal fees to file formal complaints and petitions for 
emergency relief before the Pennsylvania PUC

• Typical noise pollution from pipeline construction (not monetized)

• Lost time associated with the need for community members and local 
governments to identify and oversee potential noise- and vibration-related 
problems from the pipeline

• Excessive noise and vibration from the pullback phase of HDD affecting an 
estimated 114 residential units at one apartment complex. Information 
from residents suggests that Sunoco paid an estimated $2.3 million for 

these issues.

88

Flynn Exhibit Page 635



CADMUS

Property value

Loss of property value due to sinkholes, property damage, other safety 
risks, and general proximity to the pipeline

Potential effects of pipeline proximity to homes on mortgage underwriting 
practices and associated difficulties in obtaining a loan for a property near 
the pipeline

Potential effect of pipeline on availability or cost of homeowner's insurance

It is worth noting that some of these costs have been paid by Sunoco (e.g.; environmental fines and 

compensation to homeowners for well contamination and noise violations), meaning that they are no 

longer costs borne by the community or local governments. However, this assumes that the amounts of 

the fines and compensation were commensurate with the true costs of the problems resulting from the 

pipeline. This may not be the case given the time and legal fees needed to pursue these violations and 

resulting fines. Furthermore, these costs were unanticipated and, in some cases, the direct result of 

permit violations. Given the repeated failure of Sunoco to abide by its permit requirements, it inevitably 

raises the suspicion that the region is likely to face similar costs and consequences of unapproved siting 

or construction in the future.

Conclusions

This case study has demonstrated examples of the various ways in which the Mariner East 2 pipeline has 

had a detrimental effect on the environment and communities along the pipeline route. Due to the 

ongoing risks associated with pipeline operation, the full ramifications of the Mariner East 2 pipelines for 

safety, water quality, and property values may not be known for years to come. Nevertheless, it is 

evident that the pipeline has been costly to the DRB region while providing limited compensation to 

those who have been directly affected by its short-term and potential long-term effects. Although 

Sunoco has compensated homeowners for several of the more tangible losses (e.g., well contamination, 

excessive noise from a malfunctioning pullback phase), there are numerous other damages that have 

not been documented or monetized and that have gone unpaid by Sunoco, as identified earlier in this 

chapter.

The information and personal accounts collected and reported in this case study demonstrate the 

breadth of problems that have occurred as a result of the pipeline. Potentially more concerning is the 

pattern of Sunoco's permit violations and disregard for legal agreements, which have been thoroughly 

documented by the PA DEP, the media, and communities such as West Goshen Township. With this 

record, communities remain concerned that their safety is at risk due to the long-term operation of the 

pipeline.
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7. Analysis of Job Creation by PennEast Pipeline and 

Other Energy Sources

Key Findings

■ One of the claimed benefits of PennEast is that it will create jobs, but data 

indicate that other energy procurement options have greater job creation at 

the same level of investment.

■ One study determined that the PennEast economic impact analysis likely 

overestimated the job creation potential of the pipeline by two thirds.

■ Even using a relatively high jobs factor, all the renewable energy or energy 

conserving options evaluated would be expected to create more jobs than 

PennEast - from 2,744 to 13,719 additional jobs for the same level of 

investment.

■ There are currently higher levels of employment associated with energy 

efficiency than electric generation in New Jersey and Pennsylvania, and more 

people are working in solar generation than other types of generation.

CADMUS

A major argument for the construction of the PennEast pipeline was its potential for job creation 

(PennEast Pipeline, 2018). An economic impact analysis completed for the pipeline company estimated 

that there would be 12,160 temporary jobs created during design and construction over a period of 5 to 

7 months, and 98 jobs would be created to support ongoing operations (Econsult and Drexler University, 

2015). In 2015, the Goodman Group conducted an independent jobs analysis of the PennEast pipeline 

and determined that the PennEast economic impact analysis likely overestimated the job creation 

potential of the pipeline by two thirds (Goodman and Rowan, 2015). We use the results from Goodman 

and Rowan (2015) to inform our analysis, but we do not conduct our own critique of the jobs analysis for 

the PennEast pipeline.

In this chapter we will compare these numbers 1) with job creation for a sample set of other pipelines, 

and 2) with rough estimates of the number of jobs that could potentially be created in conventional and 

renewable energy and energy efficiency given a similar investment as that for the pipeline, and 3) with 

the current employment situation in Pennsylvania and New Jersey.

Comparing PennEast Employment with Other Pipelines

One measure of employment that allows comparison across projects and types of projects is the 

number of jobs created per million dollars of investment. Goodman and Rowan's independent jobs 

analysis of the PennEast pipeline examined employment estimates in studies for four other natural gas
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pipeline projects in the Northeastern U.S. These studies provided the total number of jobs created1 

during design and construction per million dollars of investment, as shown in Table 42, along with the 

cost of construction and other information, as available. The comparison by Goodman and Rowan shows 

that the estimate for jobs per million dollars of cost for the PennEast pipeline is much higher than for 

any of the other pipelines, and it is 3.4 times the weighted average of all four.

Table 42. Job Creation Estimates for PennEast and Four Other Natural Gas Pipelines.

Pipeline
Cost of 

Construction 

(USD millions)

Construction 
Jobs (direct)

Construction 
Jobs (indirect)

Direct Jobs/ 

Million $ 

Construction

Cost

All Construction 
Jobs/ Million $ 

Construction Cost

PennEast Jobs
Analysis*

$1,193 2,500 9,660 2.1 10.2-10.712 13

Northeast Supply
Link**

$325 - - - 3.9

Northeast Energy 
Direct**

$1,300 1,360 1,033 1.0 2.0

Constitution** $683 1,300 275 1.9 1.5
■ — - ■■■ f ■ — —■ — - - — —i - -

Atlantic Sunrise** $2,099 - 3.9

Weighted average for 
other pipelines **

3.0

Sources: *Econsult and Drexler (2015); **Goodman and Rowan (2015).

Comparing PennEast Employment with Other Energy 

Investments

New Jersey and Pennsylvania have both made commitments to reduce GHG emissions by 80 percent by 

2050 (Office of Governor Tom Wolf, 2019; NJ DEP, 2019). Key elements of the plans to achieve these 

targets include energy conservation and greater use of renewable energy. With that in mind, we offer a 

comparison of the number of jobs that could be created if the same investment made in the PennEast 

Pipeline was made in projects that were in alignment with the states' GHG reduction goals.

In Table 43 we provide estimates of the number of jobs created by the PennEast pipeline, fossil and 

renewable electric generation, and several energy saving options. The employment multiplier in the first 

row of Table 2 is the PennEast job creation estimate from Table 42, and the second estimate for natural 

gas pipelines is the weighted average of the multipliers from the four other pipelines, also presented in 

Table 42. The remaining employment multipliers are taken from a study by Polin, Heintz, and Garrett- 

Peltier (2009), which used a national input-output model (IMPLAN) to estimate the direct, indirect.

12 Total number of jobs created includes direct, indirect, and induced jobs. This definition of total jobs is consistent

with that used for the PennEast estimate by Econsult and Drexler University (2015).

13 The number depends on the estimate for the duration of construction, which may range from 5 to 7 months.
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induced and total employment for $1 million in investment. Input-output models tend to provide large 

estimates for induced employment, so Polin, et al. instead used a dynamic empirical model for those 

multipliers, resulting in a more conservative employment multiplier. The job estimates we show are 

intended to provide a rough estimate of potential employment, not a region-specific employment 

analysis.

Table 43. Estimates for Job Creation Factors and Jobs Created for the Same Investment as the

PennEast Pipeline.

Investment Source

Employment

Multiplier

Jobs Created for a 

$1.19 billion 

investment*

PennEast Pipeline 10.2 12,169

Average of other pipelines Goodman and Rowan (2015) 3.0 3,579

Oil & Natural Gas Polin et al. (2009) 5.9 6,204

Coal Generation Polin et al. (2009) 6.9 8,232

Solar Photovoltaic Generation Polin etal. (2009) 13.7
--- 1

16,344

Wind Generation Polin et al. (2009) 13.3 15,867

Smart Grid Polin et al. (2009) 12.5 14,913

Building retrofits Polin etal. (2009) 17.4 20,758

Mass transit Polin et al. (2009) 21.7 25,888

^Calculated by Cadmus by multiplying the employment multiplier by 1,193 (which represents $1,193 million, 

the cost of the PennEast pipeline).

The table shows that even using the relatively high jobs factor from Econsult and Drexler (2015), all the 

renewable energy or energy conserving options would be expected to create more jobs - from 2,744 to 

13,719 additional jobs for the same level of investment. This was estimated by multiplying the 

employment multiplier by the cost of the PennEast pipeline ($1,193 billion). It is clear that from an 

employment point of view, energy investments in efficiency, conservation, renewable generation, and 

mass transit would provide greater employment benefits and help the states to meet their GHG 

reduction goals. If PennEast's employment numbers are, in fact, overstated, then the relative benefit of 

these alternative energy investments would be even greater.

To make a comparison of the relative importance of an investment of the scale of the PennEast pipeline 

to employment in New Jersey and Pennsylvania, we provide employment numbers related to traditional 

energy and energy efficiency. As of 2017, there were about 270,000 traditional energy and energy 
efficiency jobs in New Jersey and Pennsylvania.14 Traditional energy employment includes jobs in 

electric power generation, fuels, and transmission, distribution, and storage (TD&S). There were about 

61,000 jobs in New Jersey in these categories and about 110,000 in Pennsylvania. The percentage of 

traditional energy employment to total employment is 1.5 percent in New Jersey and 1.9 percent in 

Pennsylvania, compared to the national average of 2.3 percent (NASEO, 2018). For energy efficiency

14 To count as a job, the person doing the work need not be involved in that activity for all the time they are 

working, so this estimate cannot be interpreted as fulltime equivalents (FTEs).
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employment, the numbers of jobs are about 34,000 for New Jersey and 65,000 for Pennsylvania. Energy 

efficiency employment includes jobs related ENERGY STAR* products and efficient lighting, HVAC 

systems and renewable heating and cooling, and advanced materials and insulation.

Figure 9 shows employment in the three categories for traditional energy and energy efficiency for both 

states. In both New Jersey and Pennsylvania, the highest employment category is energy efficiency, 

which reflects the high employment multiplier for those types of investments relative to the others.

70,000

60,000

_ 50,000 
c

E 40,000

■§. 30,000 

E
^ 20,000 

10,000

Electric Power 
Generation

Fuels Transmission, Energy Efficiency
Distribution &

Storage

■ New Jersey ■ Pennsylvania
Source: NASEO, 2018

Figure 9. Employment in Traditional Energy and Energy Efficiency in New Jersey and Pennsylvania

The breakout for electric generation is shown in Figure 10. New Jersey has more solar employment than 

any category in either state, at almost 9,000 jobs. The second largest category for New Jersey is "other," 

which includes hydroelectric, oil, and other unspecified generation. For Pennsylvania, nuclear and solar 

employment are the largest categories, followed by natural gas and coal. These data show that there are 

currently higher levels of employment associated with energy efficiency than electric generation in New 

Jersey and Pennsylvania, and that more people are working in solar generation than other types of 

generation. One reason is that there are more jobs in these categories for a given level of investment, as 

seen in Table 43.
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II
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Figure 10. Employment Figures for Electric Generation Types in New Jersey and Pennsylvania

Summary
The data and analysis presented in this chapter show that while there are some employment benefits 

associated with the construction of the PennEast pipeline, there are other related types of investments 

that would provide many more jobs at any given level of investment. Even when comparing 

employment benefits against PennEast's high employment estimates, other types of investments still 

perform better in terms of job creation. For those who are interested in the employment benefits of 

investments in the energy sector, the best options are investments in energy efficiency, renewable 

energy and mass transit. There are already many jobs in New Jersey and Pennsylvania related to 

renewable energy and energy efficiency, and there is solid growth in these activities. These options also 

have the added benefits of reducing GHG emissions, improving air quality, and avoiding other 

environmental costs explored elsewhere in this report.

94

Flynn Exhibit Page 641



CADMUS

8. References
ABC News. (2014, July 24). With wells drying up residents turn to water trucks. Retrieved from

https://abc30.com/news/with-wells-drving-up-residents-turn-to-water-trucks/218373/

Agency for Toxic Substances & Disease Registry. (2007). Toxicological Profile for Benzene. Retrieved 
from https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=40&tid=14ttbookmarkl0

Alexander, R. B., Boyer, E. W., Smith, R. A., Schwarz, G. E. & Moore, R. B. (2007). The Role of Headwater 
Streams in Downstream Water Quality. Journal of the American Water Resources Association. 44(1), 
41-59. doi: 10.1111/j.l752-1688.2007.00005.x. Retrieved from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3307624/

Alvarez, R., et al. (2018). Assessment of methane emissions from the U.S. oil and gas supply chain. 
Science. 361(6398), 186-188.

American Water Contract Services Group. (2018, April). Township of North Brunswick Water Utility 

Consumer Confidence Report for Water Delivered in 2017. Retrieved from

https://www.northbrunswickni.gov/images/water/2017ccr.pdf

Anielski, M. and Wilson, S. J. (2005). Counting Canada's natural capital: assessing the real value of 

Canada's boreal ecosystems. Canadian Boreal initiative, Pembina institute.

Aquasana. (2019). Whole House Filter System: 500,000 Gallon Well Water Rhino. Retrieved from

https://www.aquasana.com/whole-house-water-filters/500k-gallon-well-water

Barrow, C. J. (1991). Land degradation. Cambridge University Press, Cambridge, UK.

Barringer, J.L. and Onstott, T.C. (2017). Docket No. CP15-558-000: Proposed PennEast Pipeline Project: 
Response to "Attachment C Response to T.C. Onstott Stockton Comments" by Dr. Michale Serfes. 
Submitted to the Federal Energy Regulatory Commission January 26, 2017.

Berger & Associates, Inc. (1980, November). Survey of Blasting Effects on Ground Water Supplies in 

Appalachia. U.S. Department of the Interior. Retrieved from

https://www.osmre.gov/resources/blasting/docs/WaterWells/BergerBlastingEffectsWaterWellsl980.

pdf

Blanchard, S. (2018, October 17). PA Awards Water Quality-Related Grants Funded by $12.6M Penalty 

Against Sunoco. Statelmpact Pennsylvania. Retrieved from https://wskg.org/news/pa-awards-water- 

qualitv-related-grants-funded-bv-12-6m-penaltv-against-sunoco/

Blumenthal, B. (2018, September). A solution in search of a problem: Analysis shows no need for 

PennEast pipeline. New Jersey Conservation Foundation. Retrieved from

https://rethinkenergyni.org/wp-

content/uploads/2018/09/NJCF Sept2018 PennEastReport SolutionlnSearchQfProblem FINAL.pdf

Boyle, M. D., Soneja, S., Quiros-Alcala, L., Dalemarre, L., Sapkota, A. R., Sangaramoorthy, T., et al. (2017). 

A pilot study to assess residential noise exposure near natural gas compressor stations. PLoS ONE 

12(4): e0174310. Retrieved from https://doi.org/10.1371/iournal.pone.0174310

95

Flynn Exhibit Page 642



CADMUS
Brenner-Guillermo, J. (2007). Valuation of ecosystem services in the Catalan coastal zone. Marine 

Sciences, Polytechnic University of Catalonia.

Burke, M. (2017, August 5). After Sunoco pipeline drilling taints private Chester County wells, critics 

worry: What's next? The Philadelphia Inquirer. Retrieved from

http://www2.phillv.com/phillv/news/after-sunoco-pipeline-drilling-taints-private-chester-county-

wells-critics-worrv-public-water-mav-be-at-risk-20170805.html

Chester County District Attorney's Office. (2018, December 19). Chester County District Attorney Opens 

Criminal Investigation Into Mariner East Pipeline. Press Release. Retrieved from

http://www.chesco.org/DocumentCenter/View/47921/PipelineCriminallnvestigation

Colaneri, K. (2013, December 17). Safety concerns arise over cross-state natural gas liquids pipeline. 

Statelmpact Pennsylvania. Retrieved from

https://stateimpact.npr.org/pennsvlvania/2013/12/17/safetv-concerns-arise-over-cross-state-natural-

gas-liquids-pipeline/

ConocoPhillips. (2012, April 2). Natural Gas Liquids Safety Data Sheet. Retrieved from

https://stateimpact.npr.org/pennsvlvania/2013/12/17/safetv-concerns-arise-over-cross-state-natural-

gas-liquids-pipeline/

Costanza, R., d'Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., Naeem, S., O'Neill, 

R. V., Paruel, J., Raskin, R. G., Sutton, P., & van den Belt, M. (1997). The value of the world's ecosystem 

service and natural capital. Nature, 387: 253-260.

Crable, A. (2014, August 12). Lancaster County farmer says crop yields never the same after gas 

pipelines. Lancaster Online. Retrieved from https://lancasteronline.com/news/local/lancaster-countv- 

farmer-savs-crop-yields-never-the-same-after/article 7ba7f6b0-2246-lle4-bba8-001a4bcf6878.html

D&R Canal State Park. (2018). A Historic Place. Retrieved from

https://www.dandrcanal.com/index.php/history

De la Cruz, A. & Benedicto, J. (2009). Assessing Socio-economic Benefits of Natura 2000: a Case Study on 

the ecosystem service provided by SPA PICO DA VARA / RIBEIRA DO GUILHERME. Output of the 

project Financing Natura 2000: Cost estimate and benefits of Natura 2000.

Dearmont, D., McCarl, B. A., & Tolman, D. A. (1998). Costs of water treatment due to diminished water 

quality: A case study in Texas. Water Resources Research, 34(4), 849-853. Retrieved from

https://agupubs.onlinelibrarv.wilev.com/doi/pdf/10.1029/98WR00213

Delaware River Basin Commission (DRBC). (2013). State of the Basin 2013: Living Resources. Retrieved 

from https://www.ni.gov/drbc/programs/basinwide/sotb2013/living resources.html

DRBC. (2017a). Basin Information. Retrieved from https://www.state.ni.us/drbc/basin/

DRBC. (2017b). Special Protection Waters (SPW). Retrieved from

https://www.ni.gov/drbc/programs/qualitv/spw.html

Delaware River Basin Source Water Collaborative. (2019). The Delaware River Basin. Retrieved from

http://www.delawarebasindrinkingwater.org/

96

Flynn Exhibit Page 643



CADMUS
Delaware Valley Regional Planning Commission and Green Space Alliance. (2011). Return on 

Environment: The Economic Value of Protected Open Space in Southeastern Pennsylvania. Retrieved 

from https://www.dvrpc.org/Products/11033A/

Donaghy, P., Chambers, S. & Layden, I. (2007). Estimating the economic consequences of incorporating 
BMP and EMS in the development of an intensive irrigation property in central Queensland.

Dumm, R., Sirmans, G. S., & Smersh, G. (2016). Sinkholes and Residential Property Prices: Presence, 
Proximity, and Density.

Dutzik, T., Ridlington, E., & Rumpler, J. (2012). The Costs of Fracking: The Price Tag of Dirty Drilling's 
Environmental Damage. Retrieved from https://www.ourenergvpolicv.org/wp 
content/uploads/2012/10/The-Costs-of-Fracking-vOH.pdf

Econsult Solutions, Inc. & Drexel University School of Economics. (2015, February 9). PennEast Pipeline 

Project Economic Impact Analysis. Retrieved from

http://penneastpipeline.com/DrexelEconomicStudv/

Eggert, K. (2016). Speaking for the Trees: Preventing Forest Fragmentation in Pennsylvania's Marcellus 

Shale Region through Pipeline Siting. Vermont Journal of Environmental Law, 17(3): 372-393.

Ernst C, Gullick R., & Nixon, K. (2004). Protecting the Source: Conserving Forests to Protect Water. 

American Water Works Association, 30(5).

Evans, J.S. & Kiesecker, J. M. (2014). Shale gas, wind and water: Assessing the potential cumulative 

impacts of energy development on ecosystem services within the Marcellus Play. PLoS ONE, 9(2): 1-9. 

e89210.

Federal Energy Regulatory Commission (FERC). (2017). PennEast Pipeline Project: Final Environmental 
Impact Statement. Docket No. CP15-558-000.

Finley, B. (2013). Colorado absorbs 179 oil and gas spills as Parachute cleanup continues. The Denver 
Post. Retrieved from https://www.denverpost.com/2013/06/22/colorado-absorbs-179-oil-and-gas- 
spills-as-parachute-cleanup-continues/

Fisher, D., Fisher, D., and Fisher, D. (2000). Gas Pipelines: Are They a Detriment or an Enhancement for 
Crops? Journal of the ASFMRA.

Fogg, J. & Hadley, H. (2007). Hydraulic considerations for pipelines crossing stream channels. Bureau of 

Land Management Technical Note 423.

Forest Service, Northern Research Station. (2017). Pennsylvania Forests 2014. United States Department 

of Agriculture. Resource Bulletin NRS-111.

Forster, D. L., Bardos, C. P., & Southgate, D. D. (1987). Soil erosion and water treatment costs. Journal of 

Soil and Water Conservation, 42(5), 349-352.

FracTracker Alliance. (2018, March 12). Mariner East 2: More Spills & Sinkholes Too? Retrieved from

https://www.fractracker.org/2018/03/me2-spills-sinkholes/

G2 Integrated Solutions. (2018). Mariner East 2 Pipeline and Existing Adelphia Pipeline Risk Assessments. 

Retrieved from http://www.westtownpa.org/wp-content/uploads/2018/12/g2-me2-adelphia-risk- 

assessment-v2-l.pdf

97

Flynn Exhibit Page 644



CADMUS
Gibbons, D. C. (1986). The economic value of water. Resources for the Future, Washington D.C., USA.

Goodman, I. & Rowan, B. (2015). Expert Report on the PennEast Pipeline Project Economic Impact 
Analysis for New Jersey and Pennsylvania. Retrieved from
https://www.kinRwoodtownship.com/ktdocuments/NJCF PennEastEconomicReport.pdf

Goulden, M. L, et al. (1996). Exchange of Carbon Dioxide by a Deciduous Forest: Response to 
Interannual Climate Variability. Science, 271,1576-1578.

Gren, I. M., Groth, K. H., & Sylven, M. (1995). Economic values of Danube floodplains. Journal of 

Environmental Management, 45(4), 333-345.

Gren, I.M. & Soderqvist T. (1994). Economic valuation of wetlands: a survey. Beijer International 

Institute of Ecological Economics. Beijer Discussion Paper series No. 54, Stockholm, Sweden.

Grzegorek, V. (2017, September 21). Ohio EPA Raises Fines on Rover Pipeline to $2.3 Million, Company 

Still Refuses to Pay. Cleveland Scene. Retrieved from https://www.clevescene.com/scene-and- 

heard/archives/2017/09/21/ohio-epa-raises-fines-on-rover-pipeline-to-23-million-company-still-

refuses-to-pay

Guignet, D., Northcutt, R., & Walsh, P. (2015). The Property Value Impacts of Groundwater 

Contamination: Agricultural Runoff and Private Wells. National Center for Environmental Economics. 

Retrieved from https://www.epa.gov/sites/production/files/2016-03/documents/2015-05.pdf

Hamza, M. A. & Anderson, W. K. (2005). Soil compaction in cropping systems: A review of the nature, 

causes and possible solutions. Soil & Tillage Research, 82, 121-145.

Habicht, S., Hanson, L, & Faeth, P. (2015, August). The Potential Environmental Impact from Fracking in 
the Delaware River Basin. CNA.

Hanson, L & Habicht S. (2016, May). Cumulative Land Cover Impacts of Proposed Transmission Pipelines 
in the Delaware River Basin. CNA. Retrieved from
https://williampennfoundation.org/sites/default/files/reports/CAC-Report%20-CNA-PipelinesSIX.pdf

Holmes, T. P. (1988). The offsite impact of soil erosion on the water treatment industry. Land Economics, 
64(4), 356-366.

Hopey, D. (2018, February 28). More lawsuits flow against Mariner East construction. Pittsburgh Post- 
Gazette. Retrieved from https://www.post-gazette.com/news/environment/2018/Q2/28/Pipeline- 
lawsuits-flow-Sunoco-Marcellus-Utica-shale-gas/stories/201802280220

Hughes, J. (2015, May 26). How much does it cost to connect to a water and wastewater system? 
University of North Carolina Environmental Finance Center. Retrieved from
http://efc.web.unc.edu/2015/05/26/connecting-water-system/

Hurdle, J. (2019). Mariner East: A pipeline project plagued by mishaps and delays. Statelmpact 
Pennsylvania. Retrieved from https://stateimpact.npr.org/pennsvlvania/tag/mariner-east-2/

Hurdle, J. (2018a, November 20). Residents urge PUC to halt Mariner East operation, hold hearing on 
emergency plans. Statelmpact Pennsylvania. Retrieved from https://www.post- 
gazette.com/news/environment/2018/02/28/Pipeline-lawsuits-flow-Sunoco-Marcellus-Utica-shale- 
gas/stories/201802280220

98

Flynn Exhibit Page 645



CADMUS
Hurdle, J. (2018b, June 13). Suit accuses Sunoco of violating federal Clean Water Act. Statelmpact 

Pennsylvania. Retrieved from https://stateimpact.npr.org/pennsvlvania/2018/06/13/suit-accuses- 
sunoco-of-violating-federal-clean-water-act/

Industrial Economics, Inc. (2011). Economic Valuation of Wetland Ecosystem Services in Delaware. 

Retrieved from

http://www.dnrec.delaware.gov/Admin/DelawareWetlands/Documents/Economic%20Evaluation%20

of%20Wetland%20Ecosvstem%20Services%20in%20Delaware.pdf

Interagency Working Group on Social Cost of Greenhouse Gasses, United States Government. (2016). 

Technical Support Document: Technical Update of the Social Cost of Carbon for Regulatory Impact 

Analysis Under Executive Order 12866. May 2013, Revised August 2016.

Jacobson, M. (2004). Timber Harvesting in Pennsylvania: Information for Citizens and Local Government 

Officials. Pennsylvania State University, College of Agricultural Sciences, School of Forest Resources.

Jackson, R., et al. (2014). The Environmental Costs and Benefits of Fracking. Annual Review of 
Environment and Resources.

Johnson, N., Gagnolet, T., Ralls, R., & Stevens, J. (2011). Natural Gas Pipelines: Excerpt from Report 2 of 
the Pennsylvania Energy Impacts Assessment. The Nature Conservancy publication.

Johnston, R. J., Ranson, M. H., Besedin, E. Y., & Helm, E. C. (2006). What Determines Willingness to Pay 
per Fish? A Meta-Analysis of Recreational Fishing Values. Marine Resource Economics, 21,1-32.

Jordaan, S. M., Keith, D. W., & Stelfox, B. (2009). Quantifying land use of oil sands production: a life cycle 
perspective. Environmental Research Letters, 4.

Kauffman. (2011). Socioeconomic Value of the Delaware River Basin in Delaware, New Jersey, New York, 
and Pennsylvania.

Kauffman, G. (2016). Economic Value of Nature and Ecosystems in the Delaware River Basin. Journal of 
Contemporary Water Research & Education, 158, 98-119.

Kauffman, G. & Hornsey, A. (2013). Economic Value of Marcellus Shale Gas in the Delaware Basin. Oil 
and Gas, 1(1).

Keeler, B. L., et al. (2012). Linking water quality and well-being for improved assessment and valuation of 

ecosystem services. Proceedings of the National Academy of Sciences of the United States of America, 

109(45), 18619-18624. doi: 10.1073/pnas.l215991109.

Kologie, C. (2002, June 28). The Lockatong and Wickecheoke Watershed Management Plan. Retrieved 
from https://rucore.libraries.rutgers.edU/rutgers-lib/19975/PDF/l/play/

Krieger, D. J. (2001). Economic Value of Forest Ecosystem Services: A Review. The Wilderness Society, 
Washington, D.C.

Kroeger, T. & Manalo, P. (2006, July 26). A Review of the Economic Benefits of Species and Habitat 
Conservation. Conservation Economics Program, Defenders of Wildlife.

Kunz, T., Braun de Torrez, E., Bauer, D., Lobova, T., & Fleming, T. (2011). Ecosystem services provided by 
bats. Annals of the New York Academy of Sciences. ISSN 0077-8923.
https://www.bu.edu/cecb/files/2009/08/Kunz-et-al.-Ecosvstem-Services ANYAS-2011.pdf

99

Flynn Exhibit Page 646



CADMUS
Lander, G. (2016, September 12). PennEast Analysis of Alternatives. Skipping Stone. Retrieved from

https://rethinkenergvni.ore/wp-content/uploads/2016/09/PennEast-Analvsis-of- 
Alternatives Skipping-Stone Sept-12-2016.pdf

Lant, C. L. & Roberts, R. S. (1990). Greenbelts in the cornbelt: riparian wetlands, intrinsic values and 
market failure. Environment and Planning, 22(10), 1375-1388.

Levesque, L., & Dube., M. (2007). Review of the effects of in-stream pipeline crossing construction on 

aquatic ecosystems and examination of Canadian methodologies for impact assessment.

Environmental Monitoring Assessment, 132, 395-409. doi: 10.1007/sl0661-006-9542-9.

Litvak, A. & Legere, L. (2018, October 23). The lessons of Mariner East 2. Pittsburgh Post-Gazette. 

Retrieved from https://newsinteractive.post-gazette.com/mariner-east-2-pipeline-horizontal- 

directional-drilling/

Liu, S., Costanza, R., Troy, A., D'Aagostino, J., & Mates, W. (2010). Valuing New Jersey's Ecosystem 

Services and Natural Capital: A Spatially Explicit Benefit Transfer Approach. Environmental 

Management, doi: 10.1007/s00267-010-9483-5. Retrieved from

https://esanalvsis.colmex.mx/Sorted%20Papers/2010/2010%20AUS%20USA%20-

CS%20USA%20NJ.%203F%20Econ.pdf

Loomis, J. & Ekstrand, E. (1998). Alternative approaches for incorporating respondent uncertainty when 

estimating willingness-to-pay: The case of the Mexican spotted owl. Ecological Economics, 27(1), 29- 

41.

Loomis, J., Kent, P., Strange, L., Fausch K., & Covich, A. (2000). Measuring the total economic value of 

restoring ecosystem services in an impaired river basin: results from a contingent valuation survey. 

Ecological Economics, 33(1), 103-117.

Lord, B. (2013). Size and Economic Impact of Pennsylvania's Wood Products Industry. Report submitted 

to Pennsylvania Forest Products Association.

Marchese, A. & Zimmerle, D. (2018). The U.S. natural gas industry is leaking way more methane than 
previously thought." PBS News Hour. Retrieved from https://www.pbs.org/newshour/science/the-u-s- 
natural-gas-industrv-is-leaking-wav-more-methane-than-previously-thought

Mates, W. & Reyes, J. (2004). Economic Value of New Jersey State Parks and Forests. New Jersey 
Department of Environmental Protection, New Jersey.

Maykuth, A. (2018, June 1). "How Sunoco's Mariner East Pipeline is Affecting Real Estate Prices in PA's 

Chester and Delaware Counties." The Inquirer. Retrieved from

http://www2.phillv.com/phillv/business/energv/sunoco-mariner-east-me2-pipeline-chester-delaware-

countv-real-estate-home-prices-pa-20180601.html

Maykuth, A. (2017a, July 11). Sunoco agrees to extend public water to homes with tainted wells. The 
Inquirer. Retrieved from http://www.phillv.com/phillv/busines5/energv/west-goshen-says sunoco 
violated-mariner-east-agreement-20170711.html

Maykuth, A. (2017b, July 7). Water-contamination complaints force Sunoco to suspend Chesco pipeline 
construction. The Inquirer. Retrieved from http://www.phillv.com/phillv/business/energy/water- 
contamination-complaints-force-sunoco-to-suspend-chesco-pipeline-construction-20170707.html

100

Flynn Exhibit Page 647



CADMUS
McGarigal, K., Cushman, S., & Regan, C. (2005, August 12). Quantifying Terrestrial Habitat Loss and 

Fragmentation: A Protocol. Department of Natural Resources Conservation, University of 

Massachusetts.

Melstrom, R. T., Lupi, F., Esselman, P. C, & Stevenson, R. J. (2015). Valuing Recreational Fishing Quality 

at Rivers and Streams. Water Resources Research, 51,140-150. doi: 10.1002/2014WR016152.

Meyer, J. L., et al. (2003, September). Where Rivers are Born: The Scientific Imperative for Defending 

Small Streams and Wetlands. American Rivers and Sierra Club. September 2003.

Meyerhoff, J. & Dehnhardt, A. (2004). The European Water Framework Directive and Economic 

Valuation of Wetlands: the restoration of floodplains along the river Elbe. Working Paper on 

Management in Environmental Planning.

Ministerie van Landbouw, Natuur en Voedselkwaliteit. (2006). Kentallen waardering natuur, water, 

bodem en landschap. Hulpmiddel bij MKBA's. Eerste editie. Witteveen en Bos, Deventer, the 

Netherlands.

Minott, J., Bomstein, A., & Ahlers, C. (2018, August 14). Clean Air Council's Post-Hearing Brief. Clean Air 

Council v. Commonwealth of Pennsylvania Department of Environmental Protection and Sunoco 

Partners Marketing & Terminals, L.P. Permittee. EHB Docket No. 2016-073-L. Retrieved from

http://ehb.courtapps.com/efile/documentViewer.php?documentlD=43190

Myhre, G. & Shindell, D. (2013). IPCC Climate Change Fifth Assessment Report. Chapter 8: 

Anthropogenic and Natural Radiative Forcing. Intergovernmental Panel on Climate Change. Retrieved 

from https://www.ipcc.ch/site/assets/uploads/2018/02/WGlAR5 ChapterOS FINAL.pdf

National Association of State Energy Officials. (2018, May). Energy Employment by State. Retrieved from
http://www.emnrd.state.nm.us/ECMD/documents/USEER2018 StateFacts.pdf

National Park Service (2012). Delaware River Basin National Wild and Scenic River Values: Pennsylvania, 

New York, and New Jersey. U.S. Department of the Interior.

National Soil Erosion-Soil Productivity Research Planning Committee. (1981). Soil erosion effects on soil 

productivity: A research perspective. Journal of Soil and Water Conservation, 36(2), 82-90.

Natural Resources Defense Council. (2018, February 26). Following Spills, Ohio Wants to Reroute the 

Rover Pipeline but Lacks the Muscle. Retrieved from https://www.nrdc.orfi/stories/followine-spills 

ohio-wants-reroute-rover-pipeline-lacks-muscle

New Brunswick Water Utility. (2017). Water Quality Report 2017. City of New Brunswick, New Jersey. 

Retrieved from http://thecitvofnewbrunswick.org/water-utility/wp- 

content/uploads/sites/12/2018/05/New Brunswick WQR 2017 vlO.pdf

New Jersey American Water Company - Elizabethtown Division. (Unknown). Source Water Assessment 

Summary. Retrieved from http://state.ni.us/dep/swap/reports/sumdoc 2004002.pdf

New Jersey Department of Environmental Protection, Office of Air Quality, Energy & Sustainability. 

(2019). Climate Change. Accessed on March 13, 2019 from https://www.ni.fiov/dep/aqes/climate/

101

Flynn Exhibit Page 648



CADMUS
New Jersey Division of Fish & Wildlife. (2018). New Jerse/s Endangered & Threatened Wildlife. 

Department of Environmental Protection. Retrieved from https://www.ni.gov/dep/fgw/tandespp.htm

New Jersey Water Supply Authority. (2017). Canal Dredging. Retrieved from
http://www.niwsa.org/canal-dredging.html

Office of Governor Tom Wolf. (2019, January 8). Governor Wolf Establishes First Statewide Goal to 
Reduce Carbon Pollution in Pennsylvania.

Onstott, T. (2014). Docket No. PF15-1-000: Comments Regarding PennEast Pipeline Project: Arsenic and 
Earthquakes. Submitted to the Federal Energy Regulatory Commission February 24, 2014.

Oregon Department of Human Services Public Health Division. (Unknown). VOCs and well water: What 
you need to know. Retrieved from
https://www.oregon.gov/oha/PH/HEALTHYENVIRONMENTS/TRACKINGASSESSMENT/ENVIRONMENTA
LHEALTHASSESSMENT/Documents/vocs in well water final for web.pdf

Panagos, P., Standard!, G., Borrelli, P., Lugato, E., Montanarella, L., & Bosello, F. (2018). Cost of 
agricultural productivity loss due to soil erosion in the European Union: From direct cost evaluation 
approaches to the use of macroeconomic models. Land Degradation and Development, 29(3), 471- 
484.

Passchier-Vermeer, W. & Passchier, W. F. (2000). Noise exposure and public health. Environmental 
Health Perspectives, 108(Suppl 1), 123-131. doi: 10.1289/ehp.00108sll23.

Pelican Water Systems. (2019). Whole House Filter &. Salt Free Softener. Retrieved from
https://www.pelicanwater.com/water-softeners/water-filter-and-salt-free-softeners/

PennEast Pipeline Company, LLC. (2018, January 20). After Three Years, PennEast Pipeline Approved by 
Federal Energy Regulatory Commission: Families and Businesses Will Receive Safe, Clean, Reliable and 
Affordable Energy. Retrieved from http://penneastpipeline.com/three-vears-penneast-pipeline 
approved-federal-energy-regulatory-commission/

PennEast Pipeline Company, LLC (2016, December). PennEast Pipeline Project Revised Applicant- 
Prepared Draft Biological Assessment.

PennEast Pipeline Company, LLC. (2015a). PennEast Pipeline Project Resource Report 1. FERC Docket No. 
PF15-1-000

PennEast Pipeline Company, LLC. (2015b). PennEast Pipeline Project Resource Report 8. FERC Docket 

No. PF-_-000.

PennEast Pipeline Company, LLC. (2014). How We Cross Rivers and Streams. Retrieved from
https://penneastpipeline.com/wp-content/uploads/2014/12/PennEast Crossing Rivers.pdf

PA Department of Conservation and Natural Resources (PA DCNR). (2015). Sinkholes in Pennsylvania.

PA DCNR. (2014). Pennsylvania's Statewide Comprehensive Outdoor Recreation Plan 2014-2019. 
Appendix C: Pennsylvania Outdoor Recreation Online Surveys.

PA DCNR. (2012). The Economic Significance and Impact of Pennsylvania State Parks: An Updated 
Assessment of 2010 Park Visitor Spending on the State and Local Economy. Retrieved from
http://www.docs.dcnr.pa.gov/cs/groups/public/documents/document/dcnr 007019.pdf

102

Flynn Exhibit Page 649



CADMUS
PA Department of Environmental Protection (PA DEP). (2019a). PPP/Mariner East II Project Overview 

Information. Retrieved from https://www.dep.pa.eov/Business/ProRramlntegration/Pennsylvania- 
Pipeline-Portal/Pages/Mariner-East-ll.aspx

PA DEP (2019b, February 8). Department of Environmental Protection Issues Hold on All Energy Transfer 
Clean Water Permit Approvals and Modifications Due to Non-Compliance. Retrieved from
http://www.ahs.dep.pa.gov/NewsRoomPublic/articleviewer.aspx?id=21634&typeid=l

PA DEP. (2018a). Pennsylvania Pipeline Portal: Mariner East II. Accessed November 20, 2018 at

https://www.dep.pa.gov/Business/Programlnteeration/Pennsvlvania-Pipeline-Portal/Paees/Mariner-

East-ll.aspx

PA DEP. (2018b, January 3). DEP Suspends Mariner East 2 Construction Permits. DEP Newsroom. 

Retrieved from

http://www.ahs.dep.pa ■gov/NewsRoomPublic/SearchResults.aspx?id=21371&typeid=l

PA DEP. (2018c, February 8). DEP Issues $12.6 Million Penalty to Sunoco, Lifts Suspension Order 

Following Stringent Compliance Review. DEP Newsroom. Retrieved from

http://www.ahs.dep.pa.gov/NewsRoomPublic/SearchResults.aspx?id=21393&typeid=l

PA DEP. (2018d, April 17). Wolf Administration Announces Use of Mariner East 2 Fine. DEP Newsroom. 

Retrieved from http://www.ahs.dep.pa.gov/NewsRoomPublic/articleviewer.aspx?id=21442&typeid=l

PA DEP. (2018e, May 3). DEP Levies Additional $355,000 Penalty Against Sunoco for Mariner East 2 

Violations. DEP Newsroom. Retrieved from

http://www.ahs.dep. pa.gov/NewsRoomPublic/articleviewer.aspx?id=21456&typeid=l

PA DEP (2018f, August 6). DEP Assesses $148,000 Penalty Against Sunoco for Mariner East 2 Violations 

in Berks, Chester and Lebanon Counties. DEP Newsroom. Retrieved from

http://www.ahs.dep.pa.gov/NewsRoomPublic/articleviewer.aspx?id=215238ttypeid=l

PA DEP. (2017a, September 21). Sunoco Pipeline LP/Beckersville Station/Mariner East Permit Review 

Memo. Air Quality Program. Retrieved from

http://files.dep.state.pa.us/RegionalResources/SCRQ/SCROPortalFiles/Community%20lnfo/AQ/Sunoc

o%20Pipeline%20LP/Sunoco%20Pipeline%20LP%20-%20Beckersville%20Pump%20Station%20-%209-

21-17%20DEP%20Review%20Memo%20and%20Draft%20State-Onlv%20Qperating%20Permit%2006-

03164.pdf

PA DEP. (2017b, July 25). DEP Announces Accountability Actions for Mariner East 2 Violations, 

Environmental Hearing Board Issues Temporary Partial Halt to Drilling. DEP Newsroom. Retrieved from

http://www.ahs.dep. pa .gov/NewsRoomPublic/articleviewer.aspx?id=21249&typeid=l

PA Game Commission. (2018). Endangered & Threatened Species. Retrieved from

https://www.pgc.pa.gov/Wildlife/EndangeredandThreatened/Pages/default.aspx

PA Senate. (2018, March 5). Dinniman: More Sinkholes May Mean Another Halt to Mariner II Pipeline. 

Retrieved from http://www.pasenate.com/dinniman-more-sinkholes-mav-mean-another-halt-to- 

mariner-ii-pipeline/

103

Flynn Exhibit Page 650



CADMUS
Perrot-Maitre, D. & Davis, P. (2001). Case studies of markets and innovative financial mechanisms for 

water services from forests. Forest Trends, working paper.

Phillips, S. (2017a, July 14). Sunoco halts drilling in Chester County where pipeline construction damaged 

drinking water wells. Retrieved from https://stateimpact.npr.org/pennsvlvania/2017/07/14/sunoco- 

halts-drilling-in-chester-county-where-pipeline-construction-damaged-drinking-water-wells/

Phillips, S. (2017b, July 31). Democratic lawmakers ask FERC to investigate Mariner East 2 pipeline 

builder. Statelmpact Pennsylvania. Retrieved from

https://stateimpact.npr.org/pennsvlvania/2017/07/31/democratic-lawmakers-ask-ferc-to-investigate-

mariner-east-2-pipeline-builder/

Phillips, S. and Frazier, R. (2018). Natural gas pipeline blast in Beaver County prompts evacuation. 

Retrieved from https://stateimpact.npr.org/pennsvlvania/2Q18/09/10/natural-gas-pipeline-blast-in- 

beaver-countv-prompts-evacuation/

Phillips, S., Wang, S., & Bottorff, C. (2017). Economic Costs of the PennEast Pipeline: Effects on 

Ecosystem Services, Property Value, and the Social Cost of Carbon in Pennsylvania and New Jersey. 

Key-Log economics LLC. January 2017.

Phillips, S., Silverman, R., & Gore, A. (2008). Greater than zero: toward the total economic value of 

Alaska's National Forest wildlands. The Wilderness Society, Washington, D.C..

Pimentel, D., Harvey, C, Resosudarmo, P., Sinclair, K., Kurz, D., McNair, M., Crist, S., Sphpritz, P., Fitton, 

L., Saffouri, R., & Blair, R. (1995). Environmental and economic costs of soil erosion and conservation 

benefits. Science, 267,1117-1123.

Pimentel, D., et al. (1997). Economic and environmental benefits of biodiversity. BioScience, 47(11), 747- 

757. doi: 10.2307/1313097.

Pindyck, R. (2019). The social cost of carbon revisited. Journal of Environmental Economics and 

Management, Vol. 94. Retrieved from

https://www.sciencedirect.com/science/article/abs/pii/S0095069617307131

Polin, R., Heintz, J., & Garrett-Peltier, H. (2009). The Economic Benefits of Investing in Clean Energy: How 

the economic stimulus program and new legislation can boost U.S. economic growth and 

employment. Center for American Progress and Political Economy Research Institute, University of 

Massachusetts, Amherst. June 2009. Retrieved from

https://www.researchgate.net/publication/46474466 The Economic Benefits of Investing in Clean 

Energy How the Economic Stimulus Program and New Legislation Can Boost US Economic Gr 

owth and Employment

Postel, S. & Carpenter, S. (1997). Ecosystem services: their nature and value. Island Press, Washington, 

D.C.

Quest Consultants Inc. (2018, October 19). Del-Chesco United for Pipeline Safety. Retrieved from

https://stateimpact.npr.org/pennsvlvania/2018/10/19/full-mariner-east-pipeline-risk-assessment-

report-released/

104

Flynn Exhibit Page 651



CADMUS
Rausser, G. C. & Small, A. A. (2000). Valuing research leads: bioprospecting and the conservation of 

genetic resources. UC Berkeley: Berkeley Program in Law and Economics. Journal of Political Economy, 

108(1), 173-206.

Reid, S. M. & Anderson, P. G. (1999). Effects of Sediment Released During Open-Cut Pipeline Water 

Crossings. Canadian Water Resources Journal, 24(3), 235-251. doi: 10.4296/cwrj2403235. Retrieved 

from https://doi.org/10.4296/cwri2403235.

Reid, S. M. & Anderson, P. G. (1998). Suspended sediment and turbidity criteria associated with instream 

construction activity: An assessment of biological relevance. Summary of report prepared by Colder 

Associates Ltd (Calgary) for the Interstate Natural Gas Association of America.

Rettew, B. (2018, March 26). Class action lawsuit filed against Sunoco pipeline claims negligence. Daily 

Times. Retrieved from https://www.delcotimes.com/news/class-action-lawsuit-filed-against-sunoco- 

pipeline-claims-negligence/article 9el0eab8-a0dd-554e-9ab7-399e6acc8d59.html

Rettew, B. (2017a, July 12). Uwchlan residents discuss Mariner East 2 pipeline, water problems. Daily 

Local News. Retrieved from https://www.dailvlocal.com/news/national/uwchlan-residents-discuss- 

mariner-east-pipeline-water-problems/article b5b63390-5da0-5bae-9f7d-7flf535e6a30.html

Rettew, B. (2017b, November 3). W. Whiteland couple taking on Sunoco Pipeline project, but can they 

win? Daily Local News. Retrieved from https://www.dailvlocal.com/news/national/w-whiteland- 

couple-taking-on-sunoco-pipeline-project-but-can/article e9857069-66fl-5028-b98b- 

4019a27ef73b.html

Rosenberger, R. S., White, E. M., Kline, J. D., Cvitanovich, C. (2017). Recreation economic values for 

estimating outdoor recreation economic benefits from the National Forest System. Gen. Tech. Rep. 

PNWGTR-957. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest 

Research Station. 33 p.

Russo, P. N. & Carpenter, D. O. (2017, October 12). Health Effects Associated with Stack Chemical 

Emissions from NYS Natural Gas Compressor Stations: 2008-2014. Institute for Health and the 

Environment.

Sala, O. E. & Paruelo, J. M. (1997). Ecosystem services in grasslands. In: Daily, G. (ed), "Ecosystem 

services: their nature and value" Island Press, Washington, D.C.

Sasko, C. (2018, March 22). "I'm Terrified": Life on the Front Lines of the Sunoco Pipeline. Philadelphia 

Magazine. Retrieved from https://www.phillvmag.com/news/2018/03/22/sunoco-mariner-east- 

pipeline-sinkholes/

Sawatsky, L., Bender, M., & Long, D. (1998). Pipeline exposure at river crossings: Causes and cures. 

International Pipeline Conference, Vol. 1, ASME 1998.

Schoen, J. W. (1990). Bear Habitat Management: A Review and Future Perspective. Bears: Their Biology 
and Management, Vol. 8,143-154.

Schwartz, A. & Kocian, M. (2015). Beyond Food: The Environmental Benefits of Agriculture in Lancaster 
County, Pennsylvania. Report prepared by Earth Economics.

105

Flynn Exhibit Page 652



CADMUS
Sheeder, S. A. & Evans, B. M. (2004). Estimating nutrient and sediment threshold criteria for biological 

impairment in Pennsylvania watersheds. Journal of American Water Research Association, 40, 881- 

888.

Shi, P., Xiao, J., Wang, Y., & Chen, L. (2014). Assessment of ecological and human health risks of heavy 

metal contamination in agriculture soils disturbed by pipeline construction. International Journal of 

Environmental Research and Public Health.,ll(3), 2504-2520. doi: 10.3390/ijerphll0302504

Skonberg E., Tammi C, Desilets, A., & Srivastava, V. (2008, December). Inadvertent Slurry Returns during 
Horizontal Directional Drilling. Retrieved from
https://www.researchgate.net/publication/295339340 Inadvertent Slurry Returns durinR Horizont
al Directional Drilling

Smith, T. J. and Sinn, G. C. (2013). Induced Sinkhole Formation Associated with Installation of a High- 
Pressure Natural Gas Pipeline, West-Central Florida. Retrieved from
http://digital.lib.usf.edu/SFS0052010/00001/pdf

Sorensen, M., Andersen, Z.J., Nordsborg, R. B., Becker, T., Tjonneland, A., Overvad, K., et al. (2013). 
Long-Term Exposure to Road Traffic Noise and Incident Diabetes: A Cohort Study. Environmental 
Health Perspectives, 121(2), 217-22. PMID 23229017.

Southwest Pennsylvania Environmental Health Project (SPEHP). (2015). Summary on Compressor 
Stations and Health Impacts.

Steinzor, N., Subra, W., & Sumi, L. (2013). Investigating links between shale gas development and health 
impacts through a community survey project in Pennsylvania. New Solutions, 23(1), 55-83.

Stokols, E. (2013). Parachute creek contamination spreads, spurs calls for more regulations, fines. Fox 

News Denver. Retrieved from https://kdvr.com/2013/04/09/parachute-creek-contamination-spreads- 

spurs-calls-for-more-regulations-fines/

Subra, W. (2012, October). Toxic Exposure Associated with Shale Development. Subra Company and 

Earthworks Board.

Subra, W. (2009, December). Health Survey Results of Current and Former DISH/Clark Texas Residents. 

Earthworks. Retrieved from
https://earthworks.org/cms/assets/uploads/archive/files/publications/DishTXHealthSurvev FINAL hi.

pdf

Swinton, S. M., Lupi, F., Robertson, G. P., & Hamilton, S. K. (2007). Ecosystem services and agriculture: 

Cultivating agricultural ecosystems for diverse benefits. Ecological Economics, 64, 245-252. doi:

10.1016/j.ecolecon.2007.09.020.

The Trust for Public Land, Conservation Almanac. (2019). Retrieved from

http://www.conservationalmanac.org/secure/

Thompson, J. (2017). A map $1.1 billion in natural gas pipeline leaks. High Country News. Retrieved from

https://www.hcn.org/issues/49.22/infographic-a-map-of-leaking-natural-gas-pipelines-across-the-

nation

106

Flynn Exhibit Page 653



CADMUS
United Nations. (2018, January 19). NASA Confirms Methane Spike Is Tied to Oil and Gas. United Nations 

Framework Convention on Climate Change. Retrieved from https://unfccc.int/news/nasa-confirms 
methane-spike-is-tied-to-oil-and-gas

U.S. Department of Agriculture (USDA). (2017a). Land Value 2017 Summary.

USDA. (2017b). 2017 State Agricultural Overview: Pennsylvania. Retrieved from
https://www.nass.usda.gov/Quick Stats/Ag Qverview/stateQverview.php?state=PENNSYLVANIA

USDA. (2017c). National Agricultural Statistics Service: Quick Stats. Retrieved from

https://quickstats.nass.usda.gov/

USDA Natural Resources Conservation Service. (2007). Lockatong and Wickecheoke Creek Watershed 

Sediment and Phosphorus Source Report. USDA Natural Resources Conservation Service for NJ Water 

Supply Authority.

U.S. Department of the Interior, U.S. Fish and Wildlife Service, & U.S. Department of Commerce, U.S. 

Census Bureau. (2011). National Survey of Fishing, Hunting, and Wildlife-Associated Recreation.

U.S. Department of Transportation Pipeline and Hazardous Materials Safety Administration (U.S. DOT 

PHMSA). (2019). Pipeline Significant Incident 20 Year Trend. Data retrieved March 9, 2019 from

https.y/www.phmsa-dot.gov/data-and-statistics/pipeline/pipeline-incident-20-vear-trends

U.S. Energy Information Administration (EIA). (2019). State Electricity Profiles, Pennsylvania Electricity 

Profile 2017. Retrieved from https://www.eia.gov/electricitv/state/pennsvlvania/index.php

U.S. EIA. (2017). Appalachia region drives growth in U.S. natural gas production since 2012. Retrieved 

from https://www.eia.gov/todavinenergv/detail.php7id-33972

U.S. EIA. (2012, April 20). What are natural gas liquids and how are they used? Retrieved from

https://www.eia.gov/todavinenergy/detail-php?id=5930

U.S. Environmental Protection Agency (EPA). (2019, April 29). EnviroAtlas. Retrieved from

https://www.epa.gov/enviroatlas

U.S. EPA. (2018). Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2016. Retrieved from

https://www.epa.gov/sites/production/files/2018-01/documents/2018 complete report.pdf

U.S. EPA. (2017). Greenhouse Gas Emissions: Understanding Global Warming Potentials. Updated 

February 14, 2017. Retrieved from https://www.epa.gov/ghgemissions/understanding-global- 

warming-potentials

U.S. EPA. (2016). Climate Change Indicators in the United States. Fourth Edition. Retrieved from

https://www.epa.gov/sites/production/files/2016-08/documents/climate indicators 2016.pdf

U.S. EPA. (2010, April). 2007 Drinking Water Infrastructure Needs Survey and Assessment, Modeling the 

Cost of Infrastructure.

U.S. Fish and Wildlife Service. (2018, June 20). Rusty Patched Bumble Bee (Bombus affinis): Plants 

Favored by the Rusty Patched Bumble Bee. Retrieved from

https://www.fws.gov/midwest/endangered/insects/rpbb/plants.html

107

Flynn Exhibit Page 654



CADMUS
U.S. Fish and Wildlife Service. (2011, December). Dwarf wedgemussel: Alasmidonta heterodon. 

Retrieved from https://www.fws.gov/asheville/pdfs/DwarfWedgeMussel factsheet.pdf

U.S. Interagency Working Group on Social Cost of Greenhouse Gases. (2016, August). Technical Support 

Document: Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under 

Executive Order 12866.

Van der Ploeg, S., Wang, Y., Gebre Weldmichael, T., & de Groot, R. S. (2010). The TEEB Valuation 

Database - a searchable database of 1310 estimates of monetary values of ecosystem services. 

Foundation for Sustainable Development, Wageningen, The Netherlands.

Van Kamp, I. & Davies, H. (2013). Noise and health in vulnerable groups: a review. Noise Health. PMID 

23689296. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/23689296

Veldman, J. W., et al. (2015). Where tree planting and forest expansion are bad for biodiversity and 

ecosystem services. BioScience, 65(10), 1011-1018. doi: 10.1093/biosci/bivll8

Walsh, R. G., Loomis, J. B., & Gillman, R. A. (1984). Valuing option, existence, and bequest demand for 
wilderness. Land Economics, 60(1), 14-29.

Wang, L. & Chen, A. (2011). Costs of Arsenic Removal Technologies for Small Water Systems: U.S. EPA 
Arsenic Removal Technology Demonstration Program. EPA/600/R-11/090

Warziniack, T., Sham, C. H., Morgan, R., & Feferholtz, Y. (2016). Effect of Forest Cover on Drinking Water 
Treatment Costs.

Washington Crossing Audubon Society (2018). PennEast Pipeline Threatens Baldpate Mountain 

Important Bird Area. Accessed November 11, 2018 at

https://www.washingtoncrossingaudubon.org/penneast-pipeline/penneast-threatens-baldpate/

Weiss, H. (2017, July 13). Sunoco to Pay to Resolve Cloudy Water Caused by Pipeline Drilling. 

Philadelphia Magazine. Retrieved from https://www.phillvmag.com/business/2017/07/13/sunoco- 

mariner-east-2-pipeline-drilling-water-contamination-chester-countv/

Werner, A. K., Vink, S., Watt, K., & Jagals, P. (2015). Environmental Health Impacts of Unconventional 

Natural Gas Development: A Review of the Current Strength of Evidence. Science of the Total 

Environment, 505C, 1127-1141. doi: 10.1016/j.scitotenv.2014.10.084.

West Goshen Township (2019). Sunoco Mariner I & Mariner II Documents and Litigation Information. 

West Goshen Township, Chester County, PA. Website accessed February 18, 2019 at

https://www.westgoshen.org/sunoco-mariner-i-ii-information-litigation/

Wilson, M. A. & Carpenter, S. R. (1999). Economic Valuation of Freshwater Ecosystem Services in the 

United States: 1971-1997. Ecological Applications, 9(3), 772-783. doi: 10.1890/1051- 

0761(1999)009[0772:EVOFES]2.0.CO;2

Woidt Engineering and Consulting (2017, December). PennEast Pipeline Trout Habitat Protection 
Review. Prepared for Trout Unlimited.

Zeph, E. 8i Mowery, M. (Unknown). Economic Value of Pennsylvania State Parks and Forests.

108

Flynn Exhibit Page 655



Appendix A - Pipeline Geospatial Analysis Methods

The Pipeline Routes

This study investigates two pipeline projects preparing for construction within the Delaware River Basin: 

1) The Mariner East 2 Pipelines and 2) the PennEast Pipeline.

Methods to Estimate Pipeline Cleared Areas
The Mariner East 2 pipelines have accurate and complete geospatial information made available by the 

Pennsylvania Department of Environmental Protection (PADEP) that was suitable for direct use for 

impact analysis. All new land clearing was contained in polygon shapefile [1], with attributes 

distinguishing permanent rights-of-way, temporary rights-of-way, facility footprint, and other spaces 

such as spoil space. The same source [1] also had the pipeline centerline including HDD and borehole 

sections in polyline format, and facilities as points. Using the combination of these datasets, we were 

able to complete the bulk of analyses. We used the attribute information in the polygon shapefile to 

categorize all of the clearing areas as permanent or temporary.

The PennEast pipeline does not have readily accessible geospatial files. Instead, the pipeline project has 

an online, view-only webmap [2] of the current pipeline route, and relatively detailed (lin = 2000 ft) 

portable document format (pdf) maps [3]. The pdf maps also show the clearing areas for construction 

and facilities, but do not the limits of the permanent ROW. In addition, the pdf maps show the roads.

The New Jersey Conservation Foundation provided a file with the pipeline centerline accurate as of 

September 2016. In order to develop these maps into usable geospatial data, we employed a 

combination of methods:

1. Correct centerline where deviations appear: We used the online map [2] and pdf maps [3] 
to validate the centerline accuracy. Where there were noticeable deviations, we digitized 
the route alteration by either projecting the relevant pdf map into GIS and tracing the route, 
or using basemaps to hand digitize segments based on contours, roads and other landmarks.

2. Digitize access roads: We used the pdf maps and online map to locate proposed roads used 
during construction, and digitized them in ArcGIS. (Either by georeferencing the pdf map 

and tracing, or using basemaps.) We digitized all roads longer than roughly 500 feet, and 

used attributes to denote if they were permanent or temporary.
3. Buffer the centerline to approximate workspaces in the right-of-way (ROW): 

Georeferencing and tracing all construction work areas would far exceed the scope of this 

project. Instead, we used an asymmetric buffer method to estimate the pipeline ROW areas. 
We sliced the pipeline route into segments and created attribute fields to keep track of left 

and right (relative to the direction of travel) buffer distances in units of feet. We identified 

segments of the pipeline that had HDD sections, abnormally wide ROW (such as a drilling 

pad upon an HDD approach), or ROW constrictions. We then buffered the entire ROW 
(except HDD segments) with an equal 15-ft buffer to model the permanently-cleared area 
(30-ft total width) specified in PennEast Environmental Impact study documents, and a 25-ft 

equal buffer for the permanent ROW (50-ft total width). Then, to model the construction
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ROW, we used an asymmetric buffer to buffer 25-ft on the non-working side of the pipeline, 

and 75-ft (i.e. 50-ft past the permanent ROW) on the construction side. We used the left and 

right buffer attribute information to keep track of which side appeared to be the 
construction or working side based on the pdf and online maps, and set the left and right 

buffers to 25 and 75 accordingly. We also buffered the HDD approach sections with an equal 

100-ft buffer, for a total width of 200-ft, which was the average width based on a random 
sample of six HDD approach sections on the pdf maps within the DRB. In addition to the 

pipelines, we buffered all of the construction access roads (that we previously digitized in 
step 2 above) with a 15-ft equal buffer for a total road ROW width of 30 feet.

4. Erase already-cleared areas, and ensure non-overlapping layers: Since the PennEast 
pipeline runs along several adjacent pipeline, and shares a portion of its ROW, there will not 
be new clearing along the entire route. We used a dataset with existing pipeline routes, and 
buffered all active pipelines by 25-ft (for a 50-ft permanent ROW). Then, we erased that 

buffer from all of the PennEast buffers. Additionally, we erased the permanent ROW of from 

the Construction ROW to create non-overlapping shapes representing the cleared areas for 

the permanent and temporary construction ROWs.
5. Digitize additional facilities and work areas off the main ROW: The pdf and online maps for 

the PennEast also show several larger areas for facility siting, additional temporary work 

space, and equipment storage. We georeferenced the relevant maps, and traced these 
areas to capture them, and used attribute information to assign them to either permanent 

or temporary clearing.
6. Merge all temporary and permanent workspace areas into a master file representing 

temporary and permanent clearing.

Thus, the process for estimating the clearing for the PennEast pipeline is much more intensive than for 

the Mariner East 2 pipelines, but it is the most accurate representation possible without manually 

digitizing the information in the pdf maps.

Pipeline Data Sets for Analysis

We used four main data sets for analyzing pipeline impacts. These include the line features for the 

pipeline centerline, the cleared areas for the pipeline ROW (and other workspaces), a series of distance 

buffers around pipeline centerline and facilities, and a buffer from the edge of clearing on the cleared 

areas. The summaries describe these datasets and note their uses for analysis.

1. Pipeline centerline - The polyline features for the pipeline centerline are used for intersection 

analysis with other linear features (e.g., streams, trails), and distance analysis (e.g., drinking 
water wells). In some cases, road centerline features may also be used. We have flagged HDD 

sections to distinguish crossings that may pass under a resource of interest.
2. Cleared areas - We aggregated all of the work areas and categorized them as either permanent 

or temporary. Primarily, these areas include the permanent and temporary ROWs. But there are 
additionally some facilities (e.g., compressor stations) that may be permanent, and some areas 
(e.g., additional temporary workspace or wareyards) that are temporary.

3. Centerline buffer - We buffered the pipeline centerline to enable determination of total 

resources (e.g., population) within certain distances of the pipeline. The buffers we used were
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400 ft, 1/4 mile (1320 ft), and 1/2 mile (2640 ft). The 400-ft distance corresponds with the 

pipeline study corridor used by the PennEast project proponents. The 1320-ft distance roughly 
corresponds with the distance for explosive hazard or impacts from spills. The 2640-ft distance 

roughly approximates the immediate evacuation area in case of a pipeline incident. Additionally, 

we buffered permanent pipeline facilities (e.g., compressor stations, valve stations) by 2130-ft, a 

distance that corresponds with health risks due to air emissions and noise.
4. Cleared area plus buffer - We buffered the cleared areas dataset by an additional 100 meters 

beyond the edge of clearing. This buffer approximates the core to edge forest transition 
boundary for newly cleared forest edges. For analyses that concern species abundance, this 
buffer area defines the approximate zone that species highly sensitive to habitat alteration due 

to changes in noise, light, or vegetative cover may be affected by pipeline construction.

Methods for Pipeline Impact Analysis

The following sections briefly layout for each analysis conducted to assess the potential impacts of 

pipeline construction. For each type of analysis, we present a box that summarized the impact type, 

which pipeline dataset was used, data sources for other data used in the analysis, a description of the 

method, and output metrics. The analyses are broken down by category including land use and land 

cover change, agricultural loss of use, protected areas and recreation, population and private property, 

water sources, drinking water impacts, and surface water quality.

Land Use and Land Cover Change

The most basic impact of the pipeline will be land use change and temporary loss of use of land 

designated for clearing, either permanent or temporary for construction.

Impact

type

Cleared are by land use type

Pipeline
data

Cleared areas

Data
Source

Cropland Data Layer (2017) [4J

Method We intersected the cleared area dataset with counties within the DRB to allow post-processing and tabulation by
description county. Then, we tabulated the intersection of the pipeline cleared areas with the cropland data layer. Since the 

cropland data layer somewhat underrepresents forest cover, we applied the adjustment factors in Hanson 
(2016) (Sjto adjust forest cover for land use codes representing forest, shrub-scrub, grassland, developed -open 
space, developed- low density, cultivated areas, and pasture/hay. Other land uses had minimal forest cover.

Metrics Total area (ac) of land cover disturbed by class in each county, municipality affected by construction.

Impact

type

Land cover change caused by pipeline construction

Pipeline

data
Cleared areas

Data

Source

High-resolution land cover layer (2013) [6)

Method The HLRC divides land cover into 7 main land cover classes on a 1m resolution. (We simplified the impervious
description land cover classes into one single class.) We intersected the pipeline rights of way with the high resolution land 

cover dataset, and tabulated the area by land cover class within each clearing type. The HRLC is a true land cover 
dataset, and does not indicate land use. Therefore, the values from the Cropland Data Layer above are 
considered more relevant to land use breakdown of the pipeline cleared areas.
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Metrics Total area [ac) of land cover disturbed by class in each county, municipality affected by construction.

Agricultural Loss of Use
Impact

type

Loss of use of agricultural lands due to pipeline clearing

Pipeline

data

Cleared areas

Data

Source

Cropland Data Layer (2017) [4]

Method Tabulate intersection between cleared area types (permanent, temporary) and land use codes for crops in the
description CDL. Calculate areas affected by crop types. Assume that 50% of Hay and 25% of grass/pasture lands are in 

active agricultural use (100% for all other crops).

Metrics Total area [ac] of land cover disturbed by crop type. Identify top 5 crops affected.

Protected Areas and Recreation
Impact

type

Pipeline
data

Data
Source

Method

description

Metrics

Protected areas affected by pipeline construction

Cleared areas (temporary and permanent)

National Gap Analysis Program (GAP) [7)
National Conservation Easements Database (NCED) [8]
New Jersey Conservation Foundation geospatial data__________________________________________________
There are several categories of protected areas. Typically, they break down into 2 main categories: 1) fee- 
protected (often public, but occasionally private) parks, recreation areas, wilderness areas, or other protected 
areas, and 2) easements or others restrictions designed to preserve land, often as open space or agricultural 
land. In some cases, protected areas can fall under multiple classifications, such as when a private land-owner 
protects a parcel, and later sells or donates it a government agency to operate as a park. As a result, there is 
often some overlap across the primary data sources used to identify the protected areas. For this analysis, we 
conducted an initial step to use a spatial join to unite all protected areas affecting a given parcel of land. This 
created a single dataset encompassing all protected areas. We used geoprocessing and manual editing in ArcGIS 
to ensure that parcel boundaries were coincident. (In many cases, the spatial projections of boundaries were off 
by a few feet.)
After the completion of spatial joining and boundary rectification, we intersected the pipeline cleared areas with 
the full protected areas dataset. We summarized the parcels using a hierarchy of fee-protected lands then 
easements. In cases where the same parcel of land occurred in multiple source databases as an easement, we 
defaulted to New Jersey Conservation Foundation parcels first, and then whichever databases had the most 
detail on the parcel and the finest scale breakdown. (Some databases aggregate all land managed by a single 
entity into a single shape, while others may break it down into smaller parcels held by individual owners. We 
defaulted to the finest scale information available.) In the summarization, we separate fee-protected areas into 
federal, state, local/regional, and other (private, etc.). For easements, we distinguish open space or conservation 
easements and agricultural easements._____________________________________________________________
ft of designated preserved areas (parcels) affected by pipeline construction by type [fee-protected, easement] 
Area [ac] of preserved areas affected by pipeline construction by type [fee-protected, easement]

Impact

type

Reduced recreational opportunity, hunting and fishing

Pipeline Cleared areas plus 100 meter buffer
data

Data U.S. ERA EnviroAtlas [9-12]
Source

Method Enviroatlas is a dataset available at the HUC-12 watershed scale for the entire U.S. Among the metrics available
description are estimated recreational days [person-days per year] in four outdoor recreational categories (big game hunting,
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bird hunting, bird watching, freshwater fishing). Construction activities can affect wildlife is areas beyond the 
limits of clearing through noise, visual impacts, runoff, and air emissions. 100 meters is a standard distance 
accepted for delineating edge forests from more biologically diverse core forests. We used the limits of clearing 
plus 100 meters to define a zone of reduced wildlife activity that will result in lower ability to recreate. We divided 
the total clearing plus buffer area by the total area of each HUC-12 watershed to determine a "reduction factor" 
for the recreation days supported. We multiplied the reduction factor by the total days of recreation in each 
category for each HUC-12 to determine the number of lost recreational opportunity per year.

Metrics Reduced recreational days [person-days per year] for:

• Big Game Hunting
• Bird Hunting
• Bird Watching
• Freshwater Fishing

Impact

type

Reduced recreational opportunity, hiking and trails

Pipeline

data

Centerline, road features

Data
Source

Explore PA trails DCNR (2018) [13]
NJ State Park trails (2018) [14]
PA Chapter 93 Designated Use Streams (2017) [15]

Method

description

This analysis uses a simple intersect method to determine where pipelines cross existing trails. The "Intersect" 
tool in ArcToolbox returns the intersections as points when two polyline feature classes (e.g. pipelines and trails) 

are intersected.
Metrics # of trail crossings of pipeline centerline

Affected Populations and Property
Impact

type

Population potentially affected by pipeline operations

Pipeline

data

Centerline and major facilities buffers 
(buffers at 400 ft, 0.25 mi, and 0.5 mi)

Data

Source

EPA Dasymetric population of the United States [16]

Method

description

The EPA's dasymetric population dataset takes 2010 census data at the census block level (finest level for more 
areas) and apportions the population to a 30-m pixel raster based on land use and slope. Each pixel has an 
estimated population value. This gives a much finer assessment of populations in areas that do not have even 
land uses or population density across the census block. We used a zonal statistics calculation to compute the 
total population within each buffer "zone" from the pipeline.

Metrics Population within given buffer distances of the pipeline (computed by county and municipality)
Population within 2130 ft, and 0.5 miles of pipeline facilities (compressor stations, offloading terminals, valves, 
etc.)

Impact
type

Population potentially affected by pipeline operations

Pipeline Centerline and major facilities buffers
data (buffers at 400 ft, 0.25 mi, and 0.5 mi)
Data

Source

EPA Dasymetric population of the United States [16]

Method The EPA's dasymetric population dataset takes 2010 census data at the census block level (finest level for more
description areas) and apportions the population to a 30-m pixel raster based on land use and slope. Each pixel has an 

estimated population value. This gives a much finer assessment of populations in areas that do not have even 
land uses or population density across the census block. We used a zonal statistics calculation to compute the 
total population within each buffer "zone” from the pipeline.

Metrics Population within 2130 ft, and 0.5 miles of pipeline facilities (compressor stations, offloading terminals, valves, 

etc.)
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Impact

type

Impacts to private property

Pipeline Pipeline cleared areas
data

Data Hunterdon County, NJ parcels
Source

Method We intersected the PennEast pipeline cleared areas with parcels in Hunterdon County, NJ. (Under the scope of

description this analysis, it was impractical to acquire and analyze all parcels in all counties along the pipelines' route.) We 
determined the number of parcels with any clearing. Then, we estimated the property value of cleared areas by 
multiplying the area cleared in each parcel by the land value per acre for the parcel. (We assume pipeline clearing 
does not damage improvements.) We also totaled the total land value (including improvements) for all parcels 

with any clearing.
Metrics # of parcels impacted by type (residential, commercial, other)

Value of land area affected by clearing ($M)
Total value of parcels with any clearing ($M)

Drinking Water Impacts
Impact

type

Drinking water wells potentially affected, New Jersey

Pipeline

data

Pipeline centerline

Data NJ Wellhead protection areas, non-community water systems (17)
Source NJ Wellhead protection areas, community water systems [18]

Method

description

NJ publishes GIS files containing water system well head protection areas using a modeled, three tier 
classification. Tier 1-3 represent a 2-yr, 5-yr, and 12-yr time of travel to the well for materials spilled on the 
surface. We determined the intersection of the pipeline with maximum risk tier for each well.

Metrics # of wells in each dataset by maximum risk tier (Tier 1 is highest) intersecting the pipeline centerline

Impact

type

Drinking water wells potentially affected, Hunterdon County

Pipeline
data

Pipeline centerline

Data Hunterdon county parcels [19]
Source NJ Community Water System service area polygons [20]
Method We determined drinking water wells potentially affected in Hunterdon county based on the locations of
description residential parcels without water service relative to the location of pipelines. We identified parcels without water 

service as those classified as either residential (2) or a farm residence (3A), and located outside of a community 
water service area. Typically, these parcel types will meet their water needs with a well drilled on the property. 
(Unlike PA, NJ does not publish records of well drilling locations.) We determined the potential risk to these 
parcels with a 3-tiered scale based on the NJ Wellhead protection area tiers (2-yr, 5-yr and 12-yr time of travel).
The relevant distances are Tier 1: 544 ft, Tier 2: 860 ft. Tier 3:1310 ft. Using the NJ Non-community water system 
wellhead protection area polygons, we computed the median radius of the Tier 1, 2, and 3 polygons.
We then completed a "Near" analysis to determine the distance from each qualifying residential parcel without 
water service to the pipeline. We computed the number within each of the 3 threshold radii for the tiers.

Metrics # of Hunterdon County parcels likely to use wells within Tier 1, 2, and 3 distances of pipeline

Impact

type

Drinking water wells potentially affected, Pennsylvania

Pipeline
data

Pipeline centerline
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Data
Source

Method

description

Metrics

Pennsylvania Groundwater Information System (2018) [21]

We determined drinking water wells potentially affected in Pennsylvania based on the locations of wells drilled 
relative to the location of pipelines. We obtained the locations of wells in a tabular form from Pennsylvania's 
Groundwater Information System (PaGWIS). We downloaded the "Well Construction" data package for each 

county along the PennEast and Mariner East 2 pipeline routes in the DRB. We scrubbed the dataset to get an 
accurate well count. We selected only wells for which the "Type of Activity" was "NEW WELL” or blank, and for 
which the "Well Use" was "WITHDRAWAL" or blank, and "Water Use" was "COMMERCIAL", "DOMESTIC", 
"INSTITUTIONAL" or blank. We also used the PA Well ID to identify and remove duplicate records. We brought the 
scrubbed dataset into GIS using the "Add X-Y data" tool based on latitude and longitude.
We determined the potential risk to these parcels with a 3-tiered scale based on the NJ Wellhead protection area 
tiers (2-yr, 5-yr and 12-yr time of travel). Using the NJ Non-community water system wellhead protection area 
polygons, we computed the median radius of the Tier 1, 2, and 3 polygons.
We then completed a "Near" analysis to determine the distance from each qualifying residential parcel without 
water service to the pipeline. We computed the number within each of the 3 threshold radii for the tiers. The 
relevant distances are Tier 1: 544 ft, Tier 2: 860 ft, Tier 3:1310 ft. Due to potential uncertainty in well locations, 
and groundwater conditions, we also identified all wells out to a 1500-foot distance from the pipeline.
tt of Pennsylvania wells within Tier 1, 2, and 3 distances of the PennEast and Mariner East 2 pipelines.

Surface Water Quality - Stream Crossings and Sedimentation
Impact

type

Surface water quality - Stream crossings impacts (NJ)

Pipeline Pipeline centerline. Roads
data

Data Surface water classification of New Jersey [22]
Source

Method Intersect pipeline centerlines and road lines with stream line features from the surface water classification of New
description Jersey dataset. Using the intersect tool in ArcGIS, we set the output type to "point" to mark the intersection of 

the stream lines and the pipeline (or road). After intersecting, we tabulated the number of stream crossings by 
surface water classification. All of the stream crossings affected freshwater streams in the all other freshwaters 
category (FW2). That is, none were classified as FW1 (freshwater with no man-made discharge), or saline waters. 
Additionally, none of the stream crossings occurred in watersheds that are currently under a New Jersey TMDL 
rule.
We separately tabulated stream crossings that use HDD versus other crossing methods.

Metrics # Stream crossings (HDD and non-HDD) of Category 1 protection waters (FW2-TPC1,FW2-TMC1, FW2-NTC1).
# Stream crossings (HDD and non-HDD) of Freshwater trout monitoring waters without category protections 
status (FW2-TM)
# Stream crossings (HDD and non-HDD) of Freshwater non-trout waters without category protections status 
(FW2-NT)

Impact

type

Surface water quality - Stream crossings (PA)

Pipeline

data
Pipeline centerline, Roads

Data Pennsylvania Integrated List - Attaining (2014) [23]
Source Pennsylvania Integrated List - Non-Attaining (2015) [24]

Pennsylvania Chapter 93 Designated Use Streams (2017) [15]

Method Pennsylvania assesses the quality of streams based on whether they attain minimum standards for their

description designated uses, and also has classifications to flag certain types of streams with higher values or specific types of 
fisheries. We used a merge and spatial join to combine three datasets into a single geospatial data layer. Because 
streams can have multiple uses, some stream segments had multiple features perfectly aligned with each other.
We flagged these features to make sure to avoid double counting in summary totals.
Using the combined geospatial data layer, we intersected pipeline centerlines and road lines with stream line 
features. Using the intersect tool in ArcGIS, we set the output type to "point" to mark the intersection of the
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Metrics

stream lines and the pipeline (or road). After intersecting, we tabulated the number of stream crossings by 

designated use and use attainment status.

# of total stream intersections, and crossings with HDD
# of stream intersections with Exceptional Value (EV) or High Quality (HQ) classification
# of stream intersections with Cold Water Fishery (CWF) or Trout use designations
# of streams with Warm Water Fishery (WWF) or other designations not previously listed 
ft of stream intersections with potable water supply designated use
# of stream intersections with recreation designated use
# of stream intersections with impairments (any type)
ft of stream intersections with impairments cause by sedimentation or siltation
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Appendix B - Ecosystem Services Values
The table below identifies the ecosystem services values used in the cost analysis of this report. If more 

than one study was available for a given ecosystem service and biome, then we calculated a minimum, 

average, and maximum value for that ecosystem service. In many cases, only one potentially relevant 

study was available for an ecosystem service for that particular biome. In those cases, the same value is 

used for the minimum, average, and maximum estimate. When two values were available for an 

ecosystem service in a given biome, the "average" value is the average of the two available values. All 

values have been converted to 2017 USD.

Biome Ecosystem Service
Number of 

Values
Min of $/acre 

(2017$)
Average of $/acre 

(2017$)
Max of $/acre 

(2017$)

BioControl 1 $15.75 $15.75 $15.75

Erosion 2 $28.28 $51.70 $75.12

Genepool 1 $1,078.09 $1,078.09 $1,078.09

Cultivated Pollination 1 $10.50 $10.50 $10.50

Soil fertility 1 $119.31 $119.31 $119.31

Waste 1 $136.95 $136.95 $136.95

Total $1,388.88 $1,412.30 $1,435.72

Aesthetic 1 $319.83 $319.83 $319.83

Air quality 1 $261.42 $261.42 $261.42

BioControl 2 $2.63 $11.03 $19.43

Climate 5 $2.85 $581.86 $2,809.61

Cultural service 
[general]

1 $1.05 $1.05 $1.05

Forests Erosion 1 $64.07 $64.07 $64.07

[Temperate and 
Boreal]

Genepool 6 $0.00 $631.57 $2,534.64

Genetic 1 $10.50 $10.50 $10.50

Pollination 1 $210.05 $210.05 $210.05

Soil fertility 1 $6.30 $6.30 $6.30

Waste 3 $8.97 $54.17 $96.31

Water 3 $0.07 $86.92 $211.63

Total $887.73 $2,238.77 $6,544.84

Various 1 $1.11 $1.11 $1.11

Fresh water
Waste 1 $11.10 $11.10 $11.10

Water 1 $530.90 $530.90 $530.90

Total $543.11 $543.11 $543.11

Aesthetic 1 $17.34 $17.34 $17.34

BioControl 1 $15.75 $15.75 $15.75

Grasslands Climate 4 $0.03 $1.21 $3.68

Erosion 4 $15.97 $31.05 $70.70

Pollination 1 $16.80 $16.80 $16.80
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Biome Ecosystem Service
Number of

Values

Min of $/acre 

(2017$)

Average of $/acre 

(2017$)

Max of $/acre 

(2017$)

Soil fertility 1 $3.68 $3.68 $3.68

Waste 3 $4.13 $35.52 $57.24

Water flows 1 $2.63 $2.63 $2.63

Total $76.32 $123.98 $187.81

Aesthetic 3 $39.81 $920.20 $1,868.49

Climate 2 $4.01 $83.66 $163.31

Cultural service 
(general)

2 $5.25 $580.00 $1,154.75

Extreme events 5 $113.95 $1,679.88 $4,745.58

Genepool 5 $8.07 $86.57 $228.98

Inland Wetlands Nursery 1 $4.84 $4.84 $4.84

Soil fertility 1 $113.99 $113.99 $113.99

Waste 6 $26.89 $1,141.56 $5,033.36

Water 2 $2,003.36 $2,248.07 $2,492.78

Water flows 2 $3,874.39 $3,966.55 $4,058.72

Total $6,194.57 $10,825.33 $19,864.81

Air quality 1 $26.14 $26.14 $26.14

Woodlands/
Scrub-Shrub

Climate 1 $125.71 $125.71 $125.71

Erosion 1 $15.97 $15.97 $15.97

Waste 4 $0.07 $75.94 $227.59

Total $167.88 $243.76 $395.40
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Friedman 20 - Costs of Mariner East in West Goshen Township

Source: West Goshen Township web site, www.westgoshen.org/sunoco-mariner-i-ii-information- 

litigation

FAQs - Frequently Asked Questions

Why did West Goshen Township sue Sunoco Logistics?

West Goshen Township filed a lawsuit against Sunoco Logistics in March, 2017 after it was discovered 
that Sunoco Logistics was not abiding by the May, 2015 Settlement Agreement, namely that Sunoco 

Logistics, without the required notice to West Goshen Township, moved the automatic valve locations 
for the Mariner II pipelines.

Why did Sunoco Logistics breach the Settlement Agreement if it agreed to it in the first place?

The Township has yet to determine why Sunoco Logistics has breached the Settlement Agreement, but 

the current litigation aims to determine why the breach occurred and find a remedy.

What is the economic impact of the Mariner II pipelines on West Goshen Township?

First, the project scuttled an approximately $35,000,000 approved land development project, namely 

Traditions Independent Living, at the unauthorized location of the Mariner II valve stations on the 
eastern side of Boot Road at Rt. 202. The Traditions development project would have provided 
approximately $400,000 in road improvements to the congested intersection of Rt. 202 / Boot Road / 
Greenhill Road. In addition, the project would have provided over $100,000 in building permit fees and 

significant earned income and real estate taxes to the Township. The Traditions project would have 

provided a nearby independent living facility accessible to retired Township residents.

Second, building a 10,000 square foot valve station on the eastern side of Rt. 202 at Boot Road 

effectively stops any economic development or land development of the remaining parcel, given that 
the proposed valve station is situated in the middle of the parcel. This parcel will become tax-exempt, 

given the Pennsylvania Public Utility Commission and many Pennsylvania Commonwealth Court rulings 
that Sunoco Logistics is a tax-exempt public utility.

What's it costing West Goshen Township to fight Sunoco Logistics?

As of July 2018 and since early 2014, West Goshen Township has expended over $705,000 in legal fees 

fighting Sunoco Logistics. These legal fees are in addition to the countless Township staff hours devoted 

to this issue.

May West Goshen Township recover its legal fees for this fight?

West Goshen Township may seek recovery of legal fees for this prolonged fight, but the Public Utility 
Commission would have to approve recovery of legal fees.

What's the Mariner I & II project worth to Sunoco Logistics?

The project installation costs just for the two Mariner II pipeline projects is estimated at $3,500,000,000. 

Profits for Sunoco Logistics after project completion are unknown.

How much will Sunoco Logistics be paying to the West Goshen Township to run the two new pipelines 

through the Township?

Nothing.
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Friedman 21 - DOT 2016 Revised Value of a Statistical Life Guidance

U.S. Department of 
Transportation
Office of the Secretary
Of Transportation August 8, 2016

1200 New Jersey Ave.. S.E. 
Washington. DC 20590

MEMORANDUM TO:

From:

SECRETARIAL OFFICERS
MODAL ADMINISTRATORS

Molly J. Moran ^ L - 
Acting General CoujWl, x64702

Carlos Monje 
Assistant Sccroary for Tj ition Policy, x60396

Subject: Guidance on Treatment of the Economic Value of a Statistical Life 
(VSL) in U.S. Department of Transportation Analyses - 2016 Adjustment

Departmental guidance on valuing the reduction of fatalities and injuries by regulations or 
investments has been published periodically by this office since 1993. We issued a thorough 
revision of our guidance in 2013 and indicated that we planned to issue annual updates to ad just 
for changes in prices and real incomes since then.

Our 2013 revision indicated a VSL of $9.1 million in current dollars for analyses using a base 
year of 2012. which was updated to $9.4 million in the 2015 guidance for analyses using a base 
year of 2014. Using the 2015 value as a baseline, and taking into account both changes in prices 
and changes in real incomes, we now find that these changes over the past year result in an 
increased VSL of $9.6 million for analyses prepared in 2016. The procedure for adjusting VSL 
for changes in prices and real incomes is described on pages 8-9 of the guidance.

This guidance also includes a table of the relative values of preventing injuries of varied severity 
as a fraction of the VSL; these fractions remain unchanged since the 2013 guidance. We also 
prescribe a sensitivity analysis of the effects of using alternative VSL values. Instead of treating 
alternative values in terms of a probability distribution, analysts should apply only a test of low 
and high alternative values of $5.4 million and $13.4 million (in 2015 dollars).

This guidance and other relevant documents w ill be posted on the Office of Transportation 
Policy website, http:/'w w w .dot.uov/policv transportation-polic\ /economy . and on the General 
Counsel's regulator)' information website. http://wA\w.transpt)rtation.uo\/regulations. Questions 
should be addressed to Darren Timothy. (202) 366-4051 or darren.timothy@dot.gov.

cc: Regulations officers and liaison officers
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Rev ised Departmental Guidance 2016:

Treatment of the Value of Preventing Fatalities and Injuries 
in Preparing Economic Analyses

On the basis of the best available evidence, this guidance identifies S9.6 million as the value of 
a statistical life to be used for Department of Transportation analyses assessing the 
benefits of preventing fatalities and using a base year of 2015. It also establishes policies for 
assigning comparable values to prevention of injuries.

Background

Prevention of injury, illness, and loss of life is a significant factor in many private economic 
decisions, including job choices and consumer product purchases. When government makes 
direct investments or controls external market impacts by regulation, it also pursues these 
benefits, often while also imposing costs on society. The Office of the Secretary of 
Transportation and other DOT administrations are required by Executive Order 13563, 
Executive Order 12866, Executive Order 12893, OMB Circular A-4, and DOT Order 2100.5 to 
evaluate in monetary terms the costs and benefits of their regulations, investments, and 
administrative actions, in order to demonstrate the faithful execution of their responsibilities to 
the public. Since 1993, the Office of the Secretary of Transportation has periodically reviewed 
the published research on the value of safety and updated guidance for all administrations. Our 
previous guidance revision, issued on February 28, 2013, stated that we planned to update our 
guidance annually to adjust for changes in prices and real incomes. This guidance updates our 
values based on 2015 prices and real incomes.

The benefit of preventing a fatality is measured by what is conventionally called the Value of a 
Statistical Life (VSL), defined as the additional cost that individuals would be willing to bear 
for improvements in safety (that is, reductions in risks) that, in the aggregate, reduce the 
expected number of fatalities by one. This conventional terminology has often provoked 
misunderstanding on the part of both the public and decision-makers. What is involved is not 
the valuation of life as such, but the valuation of reductions in risks. While new terms have 
been proposed to avoid misunderstanding, we will maintain the common usage of the research 
literature and OMB Circular A-4 in referring to VSL.

Most regulatory actions involve the reduction of risks of low probability (as in, for example, a 
one-in-10,000 annual chance of dying in an automobile crash). For these low-probability risks, 
we shall assume that the willingness to pay to avoid the risk of a fatal injury increases 
proportionately with growing risk. That is, when an individual is willing to pay $1,000 to 
reduce the annual risk of death by one in 10,000, she is said to have a VSL of $10 million. The 
assumption of a linear relationship between risk and willingness to pay therefore implies that 
she would be willing to pay $2,000 to reduce risk by two in 10,000 or $5,000 to reduce risk by 
five in 10,000. The assumption of a linear relationship between risk and willingness to pay 
(WTP) breaks down when the annual WTP becomes a substantial portion of annual income, so 
the assumption of a constant VSL is not appropriate for substantially larger risks.
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When first applied to benefit-cost analysis in the 1960s and 1970s, the value of saving a life was 
measured by the potential victim’s expected earnings, measuring the additional product society 
might have lost. These lost earnings were widely believed to understate the real costs of loss of 
life, because the value that we place on the continued life of our family and friends is not based 
entirely, or even principally, on their earning capacity. In recent decades, studies based on 
estimates of individuals’ willingness to pay for improved safety have become widespread, and 
offer a way of measuring the value of reduced risk in a more comprehensive way. These 
estimates of the individual’s value of safety are then treated as the ratio of the individual 
marginal utility of safety to the marginal utility of wealth. These estimates of the individual 
values of changes in safety can then be aggregated to produce estimates of social benefits of 
changes in safety, which can then be compared with the costs of these changes.

Studies estimating the willingness to pay for safety fall into two categories. Some analyze 
subjects’ responses in real markets, and are referred to as revealed preference (RP) studies, 
while others analyze subjects’ responses in hypothetical markets, and are described as stated 
preference (SP) studies. Revealed preference studies in turn can be divided into studies based 
on consumer purchase decisions and studies based on employment decisions (usually referred to 
as hedonic wage studies). Even in revealed preference studies, safety is not purchased directly, 
so the value that consumers place upon it cannot be measured directly. Instead, the value of 
safety can be inferred from market decisions that people make in which safety is one factor in 
their decisions. In the case of consumer purchase decisions, since goods and services usually 
display multiple attributes, and are purchased for a variety of reasons, there is no guarantee that 
safety will be the conclusive factor in any purchasing decision (note that even products like 
bicycle helmets, which are purchased primarily for safety, also vary in style, comfort, and 
durability). Similarly, in employment decisions, safety is one of many considerations in the 
decision of which job offer to accept. Statistical techniques must therefore be used to identify 
the relative influence of price (or wage), safety, and other qualitative characteristics of the 
product or job on the consumer’s or worker’s decision on which product to buy or which job to 

accept.

An additional complication in RP studies is that, even if the real risks confronted by individuals 
can be estimated accurately by the analyst, the consumer or employee may not estimate these 
risks accurately. It is possible for individuals, through lack of relevant information or limited 
ability to analyze risks, to assign an excessively low or high probability to fatal risks. 
Alternatively, detailed familiarity with the hazards they face and their own skills may allow 
individuals to form more accurate estimates of risk at, for example, a particular job-site than 
those derived by researchers, which inevitably are based on more aggregate data.

In the SP approach, market alternatives incorporating hypothetical risks are presented to test 
subjects, who respond with what they believe would be their choices. Answers to hypothetical 
questions may provide helpful information, but they remain hypothetical. Although great pains 
are usually taken to communicate probabilities and measure the subjects’ understanding, there is 
no assurance that individuals' predictions of their own behavior would be observed in practice. 
Against this weakness, the SP method can evaluate many more alternatives than those for which 
market data are available, and it can guarantee that risks are described objectively to subjects. 
With indefinitely large potential variations in cost and risk and no uncontrolled variation in any

2

Flynn Exhibit Page 670



other dimension, some of the objections to RP models are obviated. Despite procedural 
safeguards, however, SP studies have not proven consistently successful in estimating measures 
of WTP that increase proportionally with greater risks.

RP studies involving decisions to buy and/or use various consumer products have focused on 
decisions such as buying cars with better safety equipment, wearing seat belts or helmets, or 
buying and installing smoke detectors. These studies often lack a continuum of price-risk 
opportunities, so that the price paid for a safety feature (such as a bicycle helmet) does not 
necessarily represent the value that the consumer places on the improvement in safety that the 
helmet provides. In the case of decisions to use a product (like a seatbelt) rather than to buy the 
product, the “price” paid by the consumer must be inferred from the amount of time and degree 
of inconvenience involved in using the product, rather than the directly observable price of 
buying the product. The necessity of making these inferences introduces possible sources of 
error. Studies of purchases of automobiles probably are less subject to these problems than 
studies of other consumer decisions, because the price of the safety equipment is directly 
observable, and there are usually a variety of more or less expensive safety features that provide 
more of a range of price-risk trade-offs for consumers to make.

While there are many examples of SP studies and RP studies involving consumer product 
purchases, the most widely cited body of research comprises hedonic wage studies, which 
estimate the wage differential that employers must pay workers to accept riskier jobs, taking 
other factors into account. Besides the problem of identifying and quantifying these factors, 
researchers must have a reliable source of data on fatality and injury risks and also assume that 
workers’ psychological risk assessment conforms to the objective data. The accuracy of 
hedonic wage studies has improved over the last decade with the availability of more complete 
data from the Bureau of Labor Statistics’ (BLS) Census of Fatal Occupational Injuries (CFOI), 
supported by advances in econometric modeling, including the use of panel data from the Panel 
Study of Income Dynamics (PSID). The CFOI data are, first of all, a complete census of 
occupational fatalities, rather than a sample, so they allow more robust statistical estimation. 
Second, they classify occupational fatalities by both industry and occupation, allowing 
variations in fatalities across both dimensions to be compared with corresponding variations in 
wage rates. Some of the new studies use panel data to analyze the behavior of workers who 
switch from one job to another, where the analysis can safely assume that any trade-otT between 
wage levels and risk reflects the preferences of a single individual, and not differences in 
preferences among individuals.

VSL estimates are based on studies of groups of individuals that are covered by the study, but 
those VSL estimates are then applied to other groups of individuals who were not the subjects 
of the original studies. This process is called benefit transfer. One issue that has arisen in 
studies of VSL is whether this benefit transfer process should be applied broadly over the 
general population of people that are affected by a rulemaking, or whether VSL should be 
estimated for particular subgroups, such as workers in particular industries, and people of 
particular ages, races, and genders. Advances in data and econometric techniques have allowed 
specialized estimates of VSL for these population subgroups. Safety regulations issued by the 
Department of Transportation typically affect a broad cross-section of people, rather than more

3
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narrowly defined subgroups. For that, and other policy reasons, we do not consider variations 
in VSL among different population groups in this guidance.

Principles and policies of DOT guidance

This guidance for the conduct of Department of Transportation analyses is a synthesis of 
empirical estimates, practical adaptations, and social policies. We continue to explore new 
empirical literature as it appears and to give further consideration to the policy resolutions 
embodied in this guidance. Although our current approach is unchanged from previous 
guidance, the numbers and their sources are new, consistent with OMB guidance in Circular A- 
4 and with the use of the best available evidence. The methods we adopt are:

1. Prevention of an expected fatality is assigned a single, nationwide value in each year, 
regardless of the age, income, or other distinct characteristics of the affected population, 
the mode of travel, or the nature of the risk. When Departmental actions have distinct 
impacts on infants, disabled passengers, or the elderly, no adjustment to VSL should be 
made, but analysts should call the attention of decision-makers to the special character of 
the beneficiaries.

2. The value to be used by all DOT administrations will be published annually by the Office 
of the Secretary of Transportation.

3. Alternative high and low benefit estimates should be prepared, using a range of VSLs 
prescribed on pages 11-12 of this guidance

2008 VSL Guidance Update

In Circular A-4 (2003), the Office of Management and Budget endorsed VSL values between 
$1 million and $10 million1, drawing on two then recently completed VSL meta-analyses.2 * . 

The basis for our 2008 guidance comprised five studies, four of which were meta-analyses that 
synthesized many primary studies, identifying their sources of variation and estimating the most 
likely common parameters. These studies were written by Ted R. Miller; ’ Ikuho Kochi, Bryan 
Hubbell, and Randall Kramer;4 W. Kip Viscusi;5 Janusz R. Mrozek and Laura O. Taylor;6 and 
W. Kip Viscusi and Joseph Aldy.7 * They narrowed VSL estimates to the $2 million to $7 

million range in dollar values of the original data, between 1995 and 2000 (about $3 million to

1 In 2015 dollars, Ihese values would be between S1.3 million and $13 million.
2 Viscusi. W. K. and J.E. Aldy (2003). 'The Value of a Statistical Life: A Critical Review of Market Estimates
Throughout the World.” Journal of Risk and Uncertainty, 27( 1): 5-76; and Mrozek, J.R. and L. O. Taylor (2002). 
“What Determines the Value of a Life? A Meta-Analysis." Journal of Policy' Analysis and Management. 21(2). 
'Miller. T. R. (2000). "Variations between Countries in Values of Statistical Life." Journal of Transport Economics 
and Policy. 34(2): 169-188. http://www.bath.ac.uk/e-ioumals/itep/pdl7Volumc 34 Part 2 169-188.pdf
4Kochi, L. B. Hubbell, and R. Kramer (2006). "An Empirical Bayes Approach to Combining and Comparing 
Estimates of the Value of a Statistical Life for Environmental Policy Analysis." Environmental and Resource 
Economics. 34(3): 385-406.
'Viscusi, W. K. (2004). “The Value of Life: Estimates with Risks by Occupation and Industry.” Economic Inquiry. 

42(1): 29-48.
6 Mrozek. J. R., and L. O. Taylor (2002). "What Determines the Value of Life? A Meta-Analysis." Journal of Policy 
Analysis and Management. 21(2).
7 Viscusi. W. K. and J. E. Aldy (2003). “The Value of a Statistical Life: A Critical Review of Market Estimates
Throughout the World.” Journal of Risk and Uncertainty. 27( I): 5-76.
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$9 million at current prices). Miller and Viscusi and Aldy also estimated income elasticities for 
VSL (the percent increase in VSL per one percent increase in income). Miller’s estimates were 
close to 1.0, while Viscusi and Aldy estimated the elasticity to be between 0.5 and 0.6. DOT 
used the Viscusi and Aldy elasticity estimate (averaged to 0.55), along with the Wages and 
Salaries component of the Employer Cost for Employee Compensation, as well as price levels 
represented by the Consumer Price Index, to project these estimates to a 2007 VSL estimate of 
$5.8 million.

2013 VSL Guidance Update

Since these studies were published, the credibility of these meta-analyses has been qualified by 
recognition of weaknesses in the data used by the earlier primary studies whose results are 
synthesized in the meta-analyses. We now believe that the most recent primary research, using 
improved data (particularly the CFOl data discussed above) and specifications, provides more 
reliable results. This conclusion is based in part on the advice of a panel of expert economists 
that we convened to advise us on this issue. The panel consisted of Maureen Cropper 
(University of Maryland), Alan Krupnick (Resources for the Future), A1 McGartland 
(Environmental Protection Agency), Lisa Robinson (independent consultant), and W. Kip 
Viscusi (Vanderbilt University). The Panel unanimously concluded that we should base our 
guidance only on hedonic wage studies completed within the past 10 years that made use of the 
CFOI database and used appropriate econometric techniques.

A White Paper prepared for the U.S. Environmental Protection Agency (EPA) in 2010 
identified eight hedonic wage studies using the CFOI data;8 we also identified seven additional 

studies, including five published since the EPA White Paper was issued (see fable 1). Some of 
these studies focus on estimating VSL values for narrowly defined economic, demographic, or 
occupational categories, or use inappropriate econometric techniques, resulting in implausibly 
high VSL estimates. We therefore focused on nine studies that we think are useful for 
informing an appropriate estimate of VSL. There is broad agreement among researchers that 
these newer hedonic wage studies provide an improved basis for policy-making.9 10 11

The 15 hedonic wage studies we have identified that make use of the CFOI database to estimate 
VSL are listed in Table 1. Several of these studies focus on estimating how VSL varies for 
different categories of people, such as males and females,"’ older workers and younger 
workers," blacks and whites,12 immigrants and non-immigrants,1’ and smokers and non

x U.S. Environmental Protection Agency (2010), Valuing Mortality Risk Reductions for Environmental Policy: A 
White Paper (Review Draft}. Prepared by the National Center for Environmental Economics for consultation with 
the Science Advisory Board Environmental Economics Advisory Committee.
'A current survey of theoretical and empirical research on VSI. may be found in: Cropper. M.. J.K. Hammitt. and 
L.A. Robinson (2011). “Valuing Mortality Risk Reductions: Progress and Challenges.'* Annual Review’ of Resource 
Economics. 3:313-336.
http://w,ww.annualreviews.org/doi/abs/10.1146/annurev.resource.012809.103949
10 Leeth. J.D. and J. Ruser (2003). “Compensating Wage Differentials for Fatal and Nonfatal Injury Risks by 

Gender and Race." Journal of Risk and Uncertainty, 27(3): 257-277.
11 Kniesner. T.J.. W.K. Viscusi. and J.P. Ziliak (2006). “Life-Cycle Consumption and the Age-Adjusted Value of
Life." Contributions to Economic Analysis and Policy. 5(1): 1-34; Viscusi. W.K. and J.E. Aldy (2007). “Labor 
Market Estimates of the Senior Discount for the Value of Statistical Life." Journal of Environmental Economics 
and Management. 53: 377-392; Aldv, J.E. and W.K. Viscusi (2008). "Adjusting the Value of a Statistical Life for

5
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smokers,13 14 as well as for different types of fatality risks.15 Some of these studies do not 

estimate an overall “full-sample” VSL, instead estimating VSL values only for specific 
categories of people. Some of the studies, as the authors themselves sometimes acknowledge, 
arrive at implausibly high values of VSL, because of econometric specifications which appear 
to bias the results, or because of a focus on a narrowly-defined occupational group. Moreover, 
these papers generally offer multiple model specifications, and it is often not clear (even to the 
authors) which specification most accurately represents the actual VSL. We have generally 
chosen the specification that the author seems to believe is best. In cases where the author does 
not express a clear preference, we have had to average estimates based on alternative models 
within the paper to get a representative estimate for the paper as a whole.

Table 1: VSL Studies Using CFOI Database

(VSLs in millions of dollars)

Study Year of
Study

$

VSL in Study-
Year $

VSL in
2012$

Comments

1. Viscusi (2003) * 1997 $14.185M $21.65M Implausibly high; 
industry-only risk measure

2. Leeth and Ruser (2003) * 2002 $7.04M $8.90M Occupation-only risk 

measure
3. Viscusi (2004) 1997 S4.7M $7.17M Industry/occupation risk 

measure
4. Kniesner and Viscusi 

(2005)
1997 S4.74M S7.23M Industry/occupation risk 

measure
5. Kniesner et al. (2006) * 1997 $23.70M S36.17M Implausibly high; 

industry/occupation risk 

measure
6. Viscusi and Aldy (2007)

*
2000 Industry-only risk 

measure; no full-sample
VSL estimate

7. Aldy and Viscusi (2008)
*

2000 Industry-only risk 
measure, no full-sample
VSL estimate

8. Evans and Smith (2008) 2000 $9.6M $12.84M Industry-only risk measure

Age and Cohort Effects." Review of Economics and Statistics. 90(3): 573-581; and Evans. M.F. and G. Schaur 
(2010). "A Quantile Estimation Approach to Identify Income and Age Variation in the Value of a Statistical Life." 
Journal of Environmental Economics and Management. 59: 260-270.
i: Viscusi. W.K. (2003). "Racial Differences in Labor Market Values of a Statistical Life." Journal of Risk and 

Uncertainty'. 27(3): 239-256, and Leeth, J.D. and J. Ruser (2003). op. cit.
13 Hersch. J. and W.K. Viscusi (2010). "Immigrant Status and the Value of Statistical Life." Journal of Human 

Resources. 45(3): 749-771.
14 Viscusi. W.K. and J. I lersch (2008). "The Mortality Cost to Smokers." Journal of Health Economics. 27: 943- 

958.
15 Scotton, C.R. and L.O. Taylor. “Valuing Risk Reductions: Incorporating Risk Heterogmeity into a Revealed 
Preference Framework." Resource and Energy Economics. 33 and Kochi. I and L.O. Taylor (2011). “Risk 
Heterogeneity and the Value of Reducing Fatal Risks: Further Market-Based Evidence." Journal of Benefit-Cost 
Analysis. 2(3): 381-397.
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9. Viscusi and Hersch 
(2008)

2000 $7.37M $9.86M Industry-only risk measure

10. Evans and Schaur (2010) 1998 $6.7M $9.85M Industry-only risk measure

11. Hersch and Viscusi 
(2010)

2003 $6.8M $8.43M Industry/occupation risk 

measure
12. Kniesner et al. (2010) 2001 $7.55M S9.76M Industry/occupation risk 

measure
13. Kochi and Taylor (2011)* 2004 VSL estimated only for 

occupational drivers

14. Scotton and Taylor 
(2011)

1997 $5.27M $8.04M Industry/occupation risk 
measure; VSL is mean of 
estimates from three 
preferred specifications

15. Kniesner ef al. (2012) 2001 $4M - $10M $5.17M - 
$12.93M

Industry/occupation risk 
measure; mean VSL 
estimate is $9.05M

* Studies shown in grayed-out rows were not used in detennining the VSL Guidance value.

We found that nine of these studies provided usable estimates of VSL for a broad cross-section 
of the population.16 We excluded Viscusi (2003 ) and Kniesner et at. (2006) on the grounds that 
their estimates of VSL were implausibly high (Viscusi acknowledges that the estimated VSLs in 
his study are very high). We excluded Leeth and Ruser (2003) because it used only variations 
in occupation for estimating variation in risk (the occupational classifications are generally 
regarded as less accurate than the industry classifications). We excluded Viscusi and Aldy 
(2007) and Aldy and Viscusi (2008) because they did not estimate overall “full-sample" VSLs 
(they focused instead on estimating VSLs for various subgroups). We excluded Kochi and 
Taylor (2011) because it estimated VSL only for a narrow occupational group (occupational 

drivers). For Scotton and Taylor (2011) and Kniesner el al. (2012) we calculated average 
values for VSL from what appeared to be the preferred model specifications. For our 2013 
guidance, we adopted the average of the VSLs estimated in the remaining nine studies, updated 
to 2012 dollars (based both on changes in the price level and changes in real incomes from the 
year for which the VSL was originally estimated). This average was $9.14 million, which we 
rounded to $9.1 million for purposes of that guidance.

16 In addition to Viscusi (2004) (cited in footnote 4). Viscusi and Hersch (2008) [cited in footnote 13], Evans and 
Schaur (2010) [cited in footnote 10]. Hersch and Viscusi (2010) [cited in footnote 12], and Scotton and Taylor 
(2011) [cited in footnote 14], these include Kniesner. T.J. and W.K. Viscusi (2005). "Value of a Statistical Life: 
Relative Position vs. Relative Age.” AEA Papers and Proceedings. 95(2): 142-146: Evans. M.F. and V.K. Smith 
(2008). "Complementarity and the Measurement of Individual Risk Tradeoffs: Accounting for Quantity and 
Quality of Life Effects." National Bureau of Economic Research Working Paper 13722: Kniesner. T.J.. W.K. 
Viscusi. and J.P. Ziliak (2010). "Policy Relevant Heterogeneity in the Value of Statistical Life: New Evidence 
from Panel Data Quantile Regressions.” Journal of Risk and Uncertainty. 40: 15-31; and Kniesner. T.J.. W.K. 
Viscusi. C. Woock. and J.P. Ziliak (2012). "The Value of a Statistical; Life: Evidence from Panel Data." Review of 
Economics and Statistics. 94( I): 74-87.
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Adjustments for Inflation and Real Income Growth

Updating the VSL from the original base year to a new base year involves adjusting for inflation 
and real incomes over the intervening years. Specifically, the formula used is:

VSLt = VSLo*(Pt/Po)*(It/Io)E

where
0 = Original Base Year 
T = Updated Base Year 
Pt = Price Index in Year t 
It = Real Incomes in Year t 
£ = Income Elasticity of VSL.

Inflation. This guidance uses the Consumer Price Index for All Urban Consumers Current 
Series (CPI) to adjust for inflation over time, as this price index is deemed to be representative 
of changes in the value of money that would be considered by a typical worker making 
decisions corresponding to his income level. This index grew by 3.23 percent from 2012 to 
2015.

Real Incomes. The index we use to measure real income growth as it affects VSL is the Median 
Usual Weekly Earnings (MUWE), in constant (1982-84) dollars, derived by BLS from the 
Current Population Survey (Series LEU0252881600 - not seasonally adjusted). This series is 
more appropriate than the Wages and Salaries component of the Employment Cost Index (ECI), 
which we used previously, because the ECI applies fixed weights to employment categories, 
while the weekly earnings series uses a median employment cost for wage and salary workers 
over the age of 16. A median value is preferred because it should better reflect the factors 
influencing a typical traveler affected by DOT actions (very high incomes would cause an 
increase in the mean, but not affect the median). In contrast to a median, an average value over 
all income levels might be unduly sensitive to factors that are less prevalent among actual 
travelers. Similarly, we do not take into account changes in non-wage income, on the grounds 
that this non-wage income is not likely to be significant for the average person affected by our 
rules. While the constant dollar MUWE has been relatively flat over the past two decades, it 
grew by 1.79 percent from 2012 to 2015.

Income Elasticity. The VSL literature is generally in agreement that VSL increases with real 
incomes, but the exact rate at which it does so is subject to some debate. In our 2011 guidance, 
we cited research by Viscusi and Aldy (2003) that estimated the elasticity of VSL with respect 
to increases in real income as being between 0.5 and 0.6 (i.e., a one-percent increase in real 
income results in an increase in VSL of 0.5 to 0.6 percent). We accordingly increased VSL by 
0.55 percent for every one-percent increase in real income. More recent research by Kniesner, 
Viscusi, and Ziliak (2010) has derived more refined income elasticity estimates ranging from 
2.24 at low incomes to 1.23 at high incomes, with an overall figure of 1.44.17 An alternative 

specification yielded an overall elasticity of 1.32. Similarly, Costa and Kahn (2004) estimated

17 Kniesner. T.J.. W.K. Viscusi. and J.P. Ziliak (2010). “Policy Relevant Heterogeneity in the Value of Statistical 
Life: New Evidence from Panel Data Quantile Recessions." Journal of Risk and Uncertainty. 40( 1): 15-31.
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the income-elasticity of VSL to be between 1.5 and 1.6.18 These empirical results are consistent 

with theoretical arguments suggesting that the income-elasticity of VSL should be greater than 
1.0.19

In view of the large increase in the income elasticity of VSL that would be suggested by these 
empirical results, and because the literature seems somewhat unsettled, we decided in our 2013 
guidance to increase our suggested income-elasticity figure only to 1.0. While this figure is 

lower than the elasticity estimates of Kniesner et al. and Costa and Kahn, it is higher than that 
of Viscusi and Aldy, the basis for our previous guidance. It is difficult to state with confidence 
whether a cross-sectional income elasticity (such as those estimated in these empirical 
analyses), representing the difference in sensitivity to fatality risks between low-income and 
high-income workers in a given population, corresponds to a longitudinal elasticity, 
representing the way in which VSL is affected by growth in income over time for an overall 
population. Consequently, we adopt this more moderate figure, pending more comprehensive 
documentation.

This VSL guidance is updated each year to take into account both the changes in price levels 
and changes in real incomes. Applying the procedure above for updating the overall VSL value 
yields an increased VSL of $9.6 million for analyses prepared in 2016 using a 2015 base year. 
For analyses using base years prior to 2015, the appropriate VSL are found below in Table 2.

Table 2: Prior Year VSL

Guidance Year Value (millionS) Base year

2015 9.4 2014

2014 9.2 2013

2013 9.1 2012

Value of Preventing Injuries

Nonfatal injuries are far more common than fatalities and vary widely in severity, as well as 
probability. In principle, the resulting losses in quality of life, including both pain and suffering 
and reduced income, should be estimated by potential victims’ WTP for personal safety. While 
estimates of WTP to avoid injury are available, often as part of a broader analysis of factors 
influencing VSL, these estimates are generally only available for an average injury resulting in a 
lost workday, and not for a range of injuries varying in severity. Because detailed WTP

18 Costa. D.L. and M.E. Kahn (2004). "Changes in the Value of Life. 1940-1980." Journal of Risk and Uncertainty. 

29(2): 159-180.
19 Eeckhoudt. L.R. and J.K. Hammitt (2001). "Background Risks and the Value of a Statistical Life." Journal of 
Risk and Uncertain^. 23(3): 261-279: Kaplovv, L. (2005). "The Value of a Statistical Life and the Coefficient of 
Relative Risk Aversion/' Journal of Risk and Uncertainty. 31(1); Murphy, K.M. and R.H. Topel (2006). ‘The 
Value of Health and Longevity." Journal of Political Economy. 114(5): 871-904; and Hammitt, J.K. and L.A. 
Robinson (2011). "The Income Elasticity of the Value per Statistical Life: Transferring Estimates between High and 
Low Income Populations." Journal of Benefit-Cost Analysis. 2( 1): 1-27.
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estimates covering the entire range of potential disabilities are unobtainable, we use an 
alternative standardized method to interpolate values of expected outcomes, scaled in proportion 
to VSL. Each type of accidental injury is rated (in terms of severity and duration) on a scale of 
quality-adjusted life years (QALYs), in comparison with the alternative of perfect health. These 
scores are grouped, according to the Maximum Abbreviated Injury Scale (MAIS), yielding 
coefficients that can be applied to VSL to assign each injury class a value corresponding to a 
fraction of a fatality.

In our 2011 guidance, the values of preventing injuries were updated by new estimates from a 
study by Spicer and Miller.2" The measure adopted was the quality-adjusted percentage of 

remaining life lost for median utility weights, based on QALY research considered “best,” as 
presented in Table 9 of the cited study. The rate at which disability is discounted over a victim’s 
lifespan causes these percentages to vary slightly, and the study shows estimates for 0, 3,4, 7, 
and 10 percent discount rates. These differences are minor in comparison with other sources of 
variation and uncertainty, which we recognize by sensitivity analysis. Since OMB recommends 
the use of alternative discount rates of 3 and 7 percent, we present the scale corresponding to an 
intermediate rate of 4 percent for use in all analyses. The fractions shown should be multiplied 
by the current VSL to obtain the values of preventing injuries of the types affected by the 
government action being analyzed.

Table 3: Relative Disutility Factors by Injury Severity Level (MAIS)
For Use with 3% or 7% Discount Rate

MAIS Level Severity Fraction 
of VSL

MAIS 1 Minor 0.003

MAIS 2 Moderate 0.047

MAIS 3 Serious 0.105

MAIS 4 Severe 0.266

MAIS 5 Critical 0.593

MAIS 6 Unsurvivable 1.000

Note that these factors represent an average disutility of all injuries sustained by persons with a 
given MAIS. Although injured persons normally have multiple injuries, only one disutility 
factor should be applied to each injured person. For example, if the analyst were seeking to 
estimate the value for an injured person whose highest level injury was rated “serious" (MAIS 
3), he or she would multiply the Fraction of VSL for a serious injury (0.105) by the VSL ($9.6 
million) to calculate the value of the serious injury ($1.01 million).

Rebecca S. Spicer and Ted R. Miller. "Final Report to the National Highway Traffic Safety Administration: 
Uncertainty Analysis of Quality Adjusted Life Years Lost.’* Pacific Institute for Research and Evaluation. February 
5. 2010. http://ostpxweb.dot.gov/policy/reports/QALY Injury Revision PDF Final Report 02-05-10.pdf.
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These factors have two direct applications in analyses. The first application is as a basis for 
establishing the value of preventing nonfatal injuries in benefit-cost analysis. The total value of 
preventing injuries and fatalities can be combined with the value of other economic benefits not 
measured by VSLs, and then compared to costs to determine either a benefit/cost ratio or an 
estimate of net benefits.

The second application stems from the requirement in OMB Circular A-4 that evaluations of 
major regulations for which safety is the primary outcome include cost-effectiveness analysis, in 
w hich the cost of a government action is compared with a non-monetary measure of benefit.
The values in the above table may be used to translate nonfatal injuries into fatality equivalents 
which, when added to fatalities, can be divided into costs to determine the cost per equivalent 
fatality. This ratio may also be seen as a “break-even” VSL, the value that would have to be 
assumed if benefits of a proposed action were to equal its costs. It would illustrate whether the 
costs of the action can be justified by a VSL that is well w ithin the accepted range or, instead, 
would require a VSL approaching the upper limit of plausibility. Because the values assigned 
to prevention of injuries and fatalities are derived in part by using different methodologies, it is 
useful to understand their relative importance in drawing conclusions. Consequently, in 
analyses where benefits from reducing both injuries and fatalities are present, the estimated 
values of injuries and fatalities prevented should be stated separately, as well as in the 

aggregate.

Rccounizing Uncertainty

Regulatory and investment decisions must be made by officials informed of the limitations of 
their information. The values we adopt here do not establish a threshold dividing justifiable 
from unjustifiable actions; they only suggest a region where officials making these decisions 
can have relatively greater or lesser confidence that their decisions will generate positive net 
benefits. To convey the sensitivity of this confidence to changes in assumptions, OMB Circular 
A-4 and Departmental policy require analysts to prepare estimates using alternative values. We 
have previously encouraged the use of probabilistic methods such as Monte Carlo analysis to 
synthesize the many uncertain quantities determining net benefits.

While the individual estimates of VSL reported in the studies cited above are often 
accompanied by estimates of confidence intervals, we do not, at this time, have any reliable 
method for estimating the overall probability distribution of the average VSL that we have 
calculated from these various studies. Consequently, alternative VSL values can only illustrate 
the conclusions that would result if the true VSL actually equaled the higher or lower alternative 
values. Analysts should not imply a known probability that the true VSL would exceed or fall 
short of either the primary VSL figure or the alternative values used for sensitivity analysis. 
Kniesner et al. (2012) suggest that a reasonable range of values for VSL is between $4 million 
and $10 million (in 2001 dollars), or about $5.4 million to $13.4 million in 2015 dollars. This 
range of values includes all the estimates from the eight other studies on which this guidance is 
based. For illustrative purposes, analysts should calculate high and low alternative estimates of 
the values of fatalities and injuries by using alternative VSLs of $5.4 million and $13.4 million.

Because the relative costs and benefits of different provisions of a rule can vary greatly, it is 
important to disaggregate the provisions of a rule, displaying the expected costs and benefits of
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each provision, together with estimates of costs and benefits of reasonable alternatives to each 
provision.

This guidance and other relevant documents will be posted on the Office of Transportation 
Policy website, http://www.dot.gov/policv/transportation-policv/economv. Questions should be 
addressed to Darren Timothy, (202) 366-4051, or darren.timothy@dot.gov.

12
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Friedman 22 - Highly volatile liquids information from Emergency Response Guidebook

Product Information Sheets

Product Information sheets contained in this section have been compiled from the 2008 Emergency Re
sponse Guidebook and only include the products transported by the operators represented. Information 
contained in these sheets is believed to be up-to-date and correct at the time of printing. The next available 
update to the ERG will be in 2012.

Further product-specific information may be found in the US Department of Transportation (DOT) Emergency 
Response Guidebook for First Responders. The Guidebook is available at http://hazmat.dot.gov/pubs/erg/ 
gydebook.htm
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BUTANE: N-BUTANE, ISO-BUTANE, BUTANE MIX

FIRE OR EXPLOSION
• EXTREMELY FLAMMABLE.

• Will be easily ignited by heat, sparfcs or 
flames.

• Will form explosive mixtures with air.
• Vapors from liquefied gas are initially 

heavier than air and spread along ground.
CAUTION: Hydrogen (UNI049), 
Deuterium (UN1957), Hydrogen, 
refrigerated liquid (UNI966) and 
Methane (UN1971) are lighter than air 
and will rise. Hydrogen and Deuterium 
fires are difficult to detect since they 
burn with an invisible flame. Use an 
alternate method of detection (thermal 
camera, broom handle, etc.)

• Vapors may travel to source of ignition and 
flash back.

• Cylinders exposed to fire may vent and 
release flammable gas through pressure 
relief devices.

• Containers may explode when heated.
• Ruptured cylinders may rocket.

FIRE
• DO NOT EXTINGUISH A LEAKING GAS 

FIRE UNLESS LEAK CAN BE STOPPED.
CAUTION: HYDROGEN (UN1049), 
DEUTERIUM (UN1957) AND 
HYDROGEN, REFRIGERATED LIQUID 
(UN1966) BURN WITH AN INVISIBLE 
FLAME. HYDROGEN AND METHANE 
MIXTURE, COMPRESSED (UN2034)
MAY BURN WITH AN INVISIBLE FLAME. 

Small Fire
• Dry chemical or C02.

DOT GUIDEBOOK ID #
1075

CHEMICAL NAMES:
N-BUTANE:
• "Normal" Butane
• Butyl Hydride
• LP Gas
• LPG
• Liquefied Butane 
ISO-BUTANE:
• 2-Methylpropane
• “Iso”

CHEMICAL FAMILY:
Petroleum Hydrocarbon, Aliphatic Hy
drocarbon, Alkane, Paraffin

COMPONENTS:
Butane n-Butane, Iso-Butane, Pro
pane, Butylenes. Pentane and heavier 
Hydrocarbons Iso-Butane Iso-Butane, 
n-Butane, Propane, Butylenes

GUIDE #:
115

------- POTENTIAL HAZARDS -------

HEALTH
• Vapors may cause dizziness or 

asphyxiation without warning.
• Some may be irritating if inhaled at high 

concentrations.
• Contact with gas or liquefied gas may 

cause bums, severe injury and/or frostbite.
• Fire may produce irritating and/or toxic 

gases.

PUBLIC SAFETY
• CALL Emergency Response Telephone 

Number on Shipping Paper first. If 
Shipping Paper not available or no 
answer, refer to appropriate telephone 
number listed on the inside back cover.

• As an immediate precautionary measure, 
isolate spill or leak area for at least 100 
meters (330 feet) in all directions.

• Keep unauthorized personnel away
• Stay upwind.
• Many gases are heavier than air and will 

spread along ground and collect in low

----- EMERGENCY RESPONSE-----

Large Fire
• Wbter spray or fog.
• Move containers from fire area if you can 

do it without risk.
Fire involving Tanks
• Fight fire from maximum distance or 

use unmanned hose holders or monitor 
nozzles.

• Cool containers with flooding quantities of 
water until well after fire is out.

• Do not direct water at source of leak or 
safety devices; icing may occur.

• Withdraw immediately in case of rising 
sound from venting safety devices or 
discoloration of tank

• ALWAYS stay away from tanks engulfed in 
fire.

• For massive fire, use unmanned hose 
holders or monitor nozzles; if this is 
impossible, withdraw from area and let fire 
bum.

SPILL OR LEAK

• ELIMINATE all ignition sources (no 
smoking, flares, sparks or flames in 
immediate area).

• All equipment used when handling the 
product must be grounded.

• Do not touch or walk through spilled 
material.

• Stop leak if you can do it without risk.
• If possible, turn leaking containers so that 

gas escapes rather than liquid.
• Use water spray to reduce vapors or divert 

vapor cloud drift. Avoid allowing water 
runoff to contact spilled material

• Do not direct water at spill or source of 
leak.

or confined areas (sewers, basements, 
tanks).

• Keep out of low areas.

PROTECTIVE CLOTHING
• Wear positive pressure self-contained 

breathing apparatus (SCBA).
• Structural firefighters' protective clothing 

will only provide limited protection
• Always wear thermal protective clothing 

when handling refrigerated/cryogenic 
liquids.

EVACUATION
Large Spill
• Consider initial downwind evacuation for at 

least 800 meters (1/2 mile).
Fire
• If tank, rail car or tank truck is involved 

in a fire, ISOLATE for 1600 meters (1 
mile) in all directions; also, consider initial 
evacuation for 1600 meters (1 mile) in all 
directions.

• Prevent spreading of vapors through 
sewers, ventilation systems and confined 
areas.

• Isolate area until gas has dispersed.
CAUTION: When in contact with 
refrigerated/cryogenic liquids, many 
materials become brittle and are likely 
to break without warning.

FIRST AID
• Move victim to fresh air.
• Call 911 or emergency medical service.
• Give artificial respiration if victim is not 

breathing
• Administer oxygen if breathing is difficult.
• Remove and isolate contaminated clothing 

and shoes.
• Clothing frozen to the skin should be 

thawed before being removed.
• In case of contact with liquefied gas, thaw 

frosted parts with lukewarm water.
• In case of bums, immediately cool affected 

skin for as long as possible with cold water 
Do not remove clothing if adhering to skin.

• Keep victim warm and quiet.
• Ensure that medical personnel are aware 

of the material(s) involved and take 
precautions to protect themselves
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ETHANE

FIRE OR EXPLOSION
• EXTREMELY FLAMMABLE
• Will be easily ignited by heat, sparks or 

flames
• Will form explosive mixtures with air.
• Vapors from liquefied gas are initially 

heavier than air and spread along ground.
CAUTION: Hydrogen (UN1049),
Deuterium (UN1957), Hydrogen,
refrigerated liquid (UN1966) and Methane 
(UN1971) are lighter than air and will 
rise. Hydrogen and Deuterium fires are 
difficult to detect since they bum with an 
invisible flame. Use an alternate method 
of detection (thermal camera, broom 
handle, etc.)

• Vapors may travel to source of ignition and 
flash back.

• Cylinders exposed to fire may vent and 
release flammable gas through pressure 
relief devices.

• Containers may explode when heated.
• Ruptured cylinders may rocket.

FIRE
• DO NOT EXTINGUISH A LEAKING GAS 

FIRE UNLESS LEAK CAN BE STOPPED. 
CAUTION: Hydrogen (UN1049), 
Deuterium (UN1957) and Hydrogen, 
refrigerated liquid (UN1966) burn with 
an invisible flame. Hydrogen and 
Methane mixture, compressed (UN2034) 
may bum with an invisible flame.

Small Fire
• Dry chemical or C02.

DOT GUIDEBOOK ID #: GUIDE #:
1035 115

CHEMICAL NAMES:
• Ethane
• Bimethyl
• Dimethyl
• Methyl Methane
• Ethyl Hydride

CHEMICAL FAMILY:
Petroleum Hydrocarbon, Aliphatic 
Hydrocarbon, Paraffin, Alkane

COMPONENTS:
Ethane, Methane, Carbon Dioxide, 
Propane, Propylene, Ethylene, 
Iso-Butane, n-Butane, Higher 
Hydrocarbons

------- POTENTIAL HAZARDS -------

HEALTH
• Vapors may cause dizziness or 

asphyxiation without warning.
• Some may be irritating if inhaled at high 

concentrations
• Contact with gas or liquefied gas may 

cause bums, severe injury and/or frostbite.
• Fire may produce irritating and/or toxic 

gases.

PUBLIC SAFETY
• CALL Emergency Response Telephone 

Number on Shipping Paper first. If 
Shipping Paper not available or no 
answer, refer to appropriate telephone 
number listed on the inside back cover.

• As an immediate precautionary measure, 
isolate spill or leak area for at least 100 

meters (330 feet) in all directions.
• Keep unauthorized personnel away
• Stay upwind.
• Many gases are heavier than air and will 

spread along ground and collect in low

----- EMERGENCY RESPONSE —

Large Fire

• Water spray or fog.
• Move containers from fire area if you can 

do it without risk.

Fire involving Tanks
• Fight fire from maximum distance or 

use unmanned hose holders or monitor 
nozzles.

• Cool containers with flooding quantities of 
water until well after fire is out.

• Do not direct water at source of leak or 
safety devices; icing may occur.

• Withdraw immediately in case of rising 
sound from venting safety devices or 
discoloration of tank.

• ALWAYS stay away from tanks engulfed in 
fire.

• For massive fire, use unmanned hose 
holders or monitor nozzles; if this is 
impossible, withdraw from area and let fire 
bum.

SPILL OR LEAK
• ELIMINATE all ignition sources (no 

smoking, flares, sparks or flames in 
immediate area).

• All equipment used when handling the 
product must be grounded.

• Do not touch or walk through spilled 
material.

• Stop leak if you can do it without risk.
• If possible, turn leaking containers so that 

gas escapes rather than liquid.
• Use water spray to reduce vapors or divert 

vapor cloud drift. Avoid allowing water 
runoff to contact spilled material.

• Do not direct water at spill or source of 
leak.

• Prevent spreading of vapors through

or confined areas (sewers, basements, 
tanks).

• Keep out of low areas

PROTECTIVE CLOTHING
• Wear positive pressure self-contained 

breathing apparatus (SCBA).
• Structural firefighters' protective clothing 

will only provide limited protection.
• Always wear thermal protective clothing 

when handling refrigerated/cryogenic 
liquids.

EVACUATION
Large Spill
• Consider initial downwind evacuation for at 

least 800 meters (1/2 mile).
Fire
• If tank, rail car or tank truck is involved 

in a fire, ISOLATE for 1600 meters (1 
mile) in all directions; also, consider initial 
evacuation for 1600 meters (1 mile) in all 
directions.

sewers, ventilation systems and confined 

areas.
• Isolate area until gas has dispersed.

CAUTION: When in contact with 
refrigerated/cryogenic liquids, many 
materials become brittle and are likely 
to break without warning.

FIRST AID
• Move victim to fresh air.
• Call 911 or emergency medical service.
• Give artificial respiration if victim is not 

breathing.
• Administer oxygen if breathing is difficult
• Remove and isolate contaminated clothing 

and shoes.
• Clothing frozen to the skin should be 

thawed before being removed,
• In case of contact with liquefied gas, thaw 

frosted parts with lukewarm water.
• In case of bums, immediately cool affected 

skin for as long as possible with cold water. 
Do not remove clothing if adhering to skin.

• Keep victim warm and quiet.
• Ensure that medical personnel are aware 

of the material(s) involved and take 
precautions to protect themselves.
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PROPANE

FIRE OR EXPLOSION
• EXTREMELY FLAMMABLE..

• Will be easily ignited by heat, sparks or 
flames

• Will form explosive mixtures with air.
• Vapors from liquefied gas are initially 

heavier than air and spread along ground.
CAUTION: Hydrogen (UNI049), 
Deuterium (UN1957), Hydrogen, 
refrigerated liquid (UN1966) and 
Methane (UNI971) are lighter than air 
and will rise. Hydrogen and Deuterium 
fires are difficult to detect since they 
burn with an invisible flame. Use an 
alternate method of detection (thermal 
camera, broom handle, etc.)

• Vapors may travel to source of ignition and 
flash back.

• Cylinders exposed to fire may vent and 
release flammable gas through pressure 
relief devices.

• Containers may explode when heated.
• Ruptured cylinders may rocket.

FIRE
• DO NOT EXTINGUISH A LEAKING GAS 

FIRE UNLESS LEAK CAN BE STOPPED. 
CAUTION: Hydrogen (UN1049), 
Deuterium (UN1957) and Hydrogen, 
refrigerated liquid (UN1966) bum with 
an invisible flame. Hydrogen and 
Methane mixture, compressed (UN2034) 
may burn with an invisible flame.

Small Fire
• Dry chemical or C02.

DOT GUIDEBOOK ID #: GUIDE #:
1075 115

CHEMICAL NAMES:
• Propane
• Propyl Hydride
• Dimethylmethane
• LP Gas
• LPG
• Liquefied Petroleum Gas
• Commercial-Grade Liquefied Propane
• “P-Rich Furnace Feed"

CHEMICAL FAMILY:

Petroleum Hydrocarbon, Aliphatic 
Hydrocarbon. Paraffin, Alkane

COMPONENTS:
Propane Propylene
Butane Iso-Butane
Ethane Ethyl Mercaptan
Sulfur

------- POTENTIAL HAZARDS -------

HEALTH

• Vapors may cause dizziness or 
asphyxiation without warning.

• Some may be irritating if inhaled at high 
concentrations.

• Contact with gas or liquefied gas may 
cause bums, severe injury and/or frostbite.

• Fire may produce irritating and/or toxic 
gases.

PUBLIC SAFETY
• CALL Emergency Response Telephone 

Number on Shipping Paper first. If 

Shipping Paper not available or no 
answer, refer to appropriate telephone 
number listed on the inside back cover.

• As an immediate precautionary measure, 
isolate spill or leak area for at least 100 

meters (330 feet) in all directions.
• Keep unauthorized personnel away.
» Stay upwind.
• Many gases are heavier than air and will 

spread along ground and collect in low

----- EMERGENCY RESPONSE -----

Large Fire
• Water spray or fog.
• Move containers from fire area if you can 

do it without risk.

Fire involving Tanks
• Fight fire from maximum distance or 

use unmanned hose holders or monitor 
nozzles

• Cool containers with flooding quantities of 
water until well after fire is out.

• Do not direct water at source of leak or 
safety devices; icing may occur.

• Withdraw immediately in case of rising 
sound from venting safety devices or 
discoloration of tank.

• ALWAYS stay away from tanks engulfed in 
fire.

• For massive fire, use unmanned hose 
holders or monitor nozzles; if this is 
impossible, withdraw from area and let fire

SPILL OR LEAK
• ELIMINATE all ignition sources (no 

smoking, flares, sparks or flames in 
immediate area).

• All equipment used when handling the 
product must be grounded.

• Do not touch or walk through spilled 
material.

• Stop leak if you can do it without risk.
• If possible, turn leaking containers so that 

gas escapes rather than liquid.
• Use water spray to reduce vapors or divert 

vapor cloud drift. Avoid allowing water 
runoff to contact spilled material

• Do not direct water at spill or source of 
leak

or confined areas (sewers, basements, 
tanks).

• Keep out of low areas

PROTECTIVE CLOTHING

• Wear positive pressure self-contained 
breathing apparatus (SCBA).

• Structural firefighters' protective clothing 
will only provide limited protection.

• Always wear thermal protective clothing 
when handling refrigerated/cryogenic 
liquids.

EVACUATION
Large Spill
• Consider initial downwind evacuation for at 

least 800 meters (1/2 mile).
Fire
• If tank, rail car or tank truck is involved 

in a fire, ISOLATE for 1600 meters (1 
mile) in all directions; also, consider initial 
evacuation for 1600 meters (1 mile) in all 
directions.

• Prevent spreading of vapors through 
sewers, ventilation systems and confined 
areas.

• Isolate area until gas has dispersed.
CAUTION: When in contact with 
refrigerated/cryogenic liquids, many 
materials become brittle and are likely 
to break without warning.

FIRST AID
• Move victim to fresh air.
• Call 911 or emergency medical service.
• Give artificial respiration if victim is not 

breathing.
• Administer oxygen if breathing is difficult.
• Remove and isolate contaminated clothing 

and shoes.
• Clothing frozen to the skin should be 

thawed before being removed
• In case of contact with liquefied gas, thaw 

frosted parts with lukewarm water.
• In case of burns, immediately cool affected 

skin for as long as possible with cold water. 
Do not remove clothing if adhering to skin.

• Keep victim warm and quiet.
• Ensure that medical personnel are aware 

of the material(s) involved and take 
precautions to protect themselves.
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PHMSA: Stakeholder Communications: Emergency response Page 1 of 1

U.S. Department Pipeline a Hazardous Materials Pipeline Safety Stakeholder Communications
of Transportation *dmim«ration Pipeline Safety Connects Us All

Recognizing and Responding to Pipeline 
Emergencies
Recognizing and Responding to Natural Gas Emergencies in Your Home or Workplace:

If you notice the distinctive "rotten egg" smell of odorized natural gas, follow these DO's and DONT's.

DO NOTI

• Start an engine of any kind;
• Strike matches or create a flame of any 

kind;
• Use a telephone or cell phone (these can 

ignite airborne gases);
• Turn on or off any light switches, garage 

door openers or other electrical switches 
(these also can ignite airborne gases).

DO!

• Make sure gas appliances are turned all the 
way OFF;

• Leave the area;
• Telephone 911 from a neighbor's house or 

other location well away from the gas leak;
• Explain the situation;
• Warn others — if it is safe to do so — against 

entering the leak area and/or creating 
ignition sparks.

Recognizing Emergencies Near a Pipeline Right-of-Way:

Remember that pipelines carry both gases and hazardous liquids. Along a right-of-way, you may see 
dead or discolored vegetation, pooled liquid; or a cloud of vapor or mist. You may smell an unusual 
odor, or the scent of petroleum or odorized natural gas. And you may hear an unusual hissing or 

roaring sound.

If you suspect a pipeline leak has occurred:

DO NOT!

Touch, breathe or make contact with leaking 
liquids;
Start an engine of any kind;
Strike matches or create a flame of any 
kind;
Use a telephone or cell phone (these can 
ignite airborne gases);
Turn on or off any electrical switches (these 
also can ignite airborne gases);
Drive into a leak or vapor cloud area.

DO!

• Make sure gas appliances are turned all the 
way OFF;

• Leave the area;
• Telephone 911 from a neighbor's house or 

other location well away from the gas leak;
• Explain the situation;
• Warn others -- If It is safe to do so — against 

entering the leak area and/or creating 
ignition sparks.

https://primis.plimsa.dot.gov/comm/emergencyresponse.htm 1/28/2019
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PHMSA: Stakeholder Communications: Emergency response Page 1 of 1

U.S. Department Pipeline & Hazardous Materials Pipeline Safety Stakeholder Communications
of Transportation Administration Pipeline Safety Connects Us All

Recognizing and Responding to Pipeline 
Emergencies
Recognizing and Responding to Natural Gas Emergencies in Your Home or Workplace:

If you notice the distinctive "rotten egg" smell of odorized natural gas, follow these DO's and DONT's.

DO NOT!
• Start an engine of any kind;
• Strike matches or create a flame of any 

kind;
• Use a telephone or cell phone (these can 

ignite airborne gases);
• Turn on or off any light switches, garage 

door openers or other electrical switches 
(these also can ignite airborne gases).

DO!
• Make sure gas appliances are turned all the 

way OFF;
• Leave the area;
• Telephone 911 from a neighbor's house or 

other location well away from the gas leak;
• Explain the situation;
• Warn others -- If It Is safe to do so — against 

entering the leak area and/or creating 
ignition sparks.

Recognizing Emergencies Near a Pipeline Right-of-Way:

Remember that pipelines carry both gases and hazardous liquids. Along a right-of-way, you may see 
dead or discolored vegetation, pooled liquid; or a cloud of vapor or mist. You may smell an unusual 
odor, or the scent of petroleum or odorized natural gas. And you may hear an unusual hissing or 
roaring sound.

If you suspect a pipeline leak has occurred:

DO NOT!
Touch, breathe or make contact with leaking 
liquids;
Start an engine of any kind;
Strike matches or create a flame of any 
kind;
Use a telephone or cell phone (these can 
ignite airborne gases);
Turn on or off any electrical switches (these 
also can ignite airborne gases);
Drive into a leak or vapor cloud area.

DO!
• Make sure gas appliances are turned all the 

way OFF;
• Leave the area;
• Telephone 911 from a neighbor's house or 

other location well away from the gas leak;
• Explain the situation;
• Warn others — If It is safe to do so — against 

entering the leak area and/or creating 
ignition sparks.

https://primis.phmsa.dot.gov/comm/emergencyresponse.htm 1/28/2019
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ID

18718

31618

30829

300

22610

2552

31684

1845

11169

32147

32109

26041

19160

31174

4805

4906

405

22855

13750

602

2731

2616

9175

19570

31728

12470

10012

15007

15674

12105

18092

31189

22442

18516

31711

19235

2620

31476

Federal Federal Enforcement 

Incidents Inspections Actions

OPERATOR SYSTEM TYPE STATUS MILES 2006-2016YTD 2006-2016YTD 2006-2016YTD g

SUNOCO PIPELINE LP. HL.GT Active 5,774 276 161

ENTERPRISE PRODUCTS OPERATING LLC HL.GT.GG Active 26,946 257 229 28 i

ENTERPRISE CRUDE PIPELINE LLC HL,GG Active 3,743 247 39

PLAINS PIPELINE. LP. HLj Active 9,209 222 146 28 2

MAGELLAN PIPELINE COMPANY. LP HL.GT Active 10,957 218 229 40

COLONIAL PIPELINE CO HL Active 5,599 187 218

PHILLIPS 66 PIPELINE LLC HL.GT.GG Active 10,136 185 298 54“

BUCKEYE PARTNERS. LP HL Active 6,645 157 231 46 <

ENBRIDGE ENERGY. LIMITED PARTNERSHIP HL Active 4,688 111 125 i5&

MARATHON PIPE LINE LLC HL.GT Active 5,694 110 190 17 Z

ONEOK NGL PIPELINE. LLC HL.GT Active 11,507 106 115 22 D

KINDER MORGAN LIQUID TERMINALS. LLC HL Active 88 105 40 i°3

TENNESSEE GAS PIPELINE COMPANY GT Active 11,780 103 186 26 i

SHELL PIPELINE CO.. LP. HL Active 3,617 102 83
13|

EXPLORER PIPELINE CO HL Active 1,817 83 47 8=L

EXXONMOBIL PIPELINE CO HL.GT Active 3,413 77 61 18
53

ANR PIPELINE CO GT Active 9,898 70 150 15 X

KOCH PIPELINE COMPANY. LP. HL.GT Active 4,200 63 60 42

NORTHERN NATURAL GAS CO GT Active 14,778 63 191

ENABLE GAS TRANSMISSION. LLC GT Active 5,933 61 75 *>5

CHEVRON PIPE LINE CO HL.GT Active 3,362 58 125 30^

COLUMBIA GAS TRANSMISSION. LLC GT.GG Active 10,527 58 366 47 i

JAYHAWK PIPELINE LLC HL Active 996 56 34 7 —

TRANSCONTINENTAL GAS PIPE LINE COMPANY GT.GG Active 9,743 56 252 33

GULF SOUTH PIPELINE COMPANY. LP GT.GG Active 6,732 53 102 14

MID-VALLEY PIPELINE CO HL Active 1,103 53 36 6

NUSTAR PIPELINE OPERATING PARTNERSHIP LP. HL Active 4,368 52 60 8

PACIFIC GAS & ELECTRIC CO GT.GD Active 6,541 51 2

PLANTATION PIPE LINE CO HL Active 3,173 50 85 5

MAGELLAN AMMONIA PIPELINE. LP. HL Active 1,090 49 29 3

SFPP. LP HL Active 2,852 49 115 15

BP PIPELINE (NORTH AMERICA) INC. HL.GT Active 2,138 44 71 6

WEST TEXAS GULF PIPELINE CO HL Active 582 44 17 6

SOUTHERN NATURAL GAS CO GT Active 7,000 39 121 10

SOUTHERN STAR CENTRAL GAS PIPELINE. INC GT Active 5,831 37 67 8

TEXAS EASTERN TRANSMISSION. LP (SPECTRA ENERGY... GT Active 9,076 36 181 21

COLUMBIA GULF TRANSMISSION. LLC GT Active 3,341 35 62 7

ROSE ROCK MIDSTREAM LP. HL Active 551 35 29 11

F
riedm

an 'M
 - P

H
M

S
A nil available operators data thru 9017-01-1 

I
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19237 TE PRODUCTS PIPELINE COMPANY,,^

32099 ENERGY TRANSFER COMPANY

32011 HOLLY ENERGY PARTNERS - OPERATING^

31555 KINDER MORGAN C02 CO. LP

32537 WYOMING PIPELINE COMPANY

31580 MAGELLAN TERMINALS HOLDINGS. LP

26085 PLAINS MARKETING. LP.

31947 ENBRIDGE PIPELINES (OZARK) L.LC.

19270 TEXAS GAS TRANSMISSION. LLC

26134 EXXONMOBIL OIL CORP - WEST COAST

13120 NATURAL GAS PIPELINE CO OF AMERICA (KMI)

15774 NORTH DAKOTA PIPELINE COMPANY LLC

31130 DCP MIDSTREAM

1248 BELLE FOURCHE PIPELINE CO

4280 EL PASO NATURAL GAS CO

2748 CONSUMERS ENERGY CO

31957 KINDER MORGAN WINK PIPELINE LLC

31454 NUSTAR LOGISTICS. LP.

31610 BP WEST COAST PRODUCTS LLC.

15105 PANHANDLE EASTERN PIPELINE CO

31720 EXPRESS HOLDINGS (USA). LLC

5304 FLORIDA GAS TRANSMISSION CO

12628 MOBIL PIPE LINE COMPANY

26330 ENABLE OKLAHOMA INTRASTATE TRANSMISSION. LLC

31888 CENTURION PIPELINE LP.

31672 CHAPARRAL ENERGY. LLC

13845 NORTHWEST PIPELINE LLC

31666 ROCKY MOUNTAIN PIPELINE SYSTEM. LLC

15156 SINCLAIR TRANSPORTATION COMPANY

22430 WEST SHORE PIPELINE CO

31978 ATMOS PIPELINE-TEXAS

32080 CCPS TRANSPORTATION. LLC

3445 DIXIE PIPELINE COMPANY LLC

2170 CENEX PIPELINE LLC

38987 KINETICA ENERGY EXPRESS LLC

31531 ONEOK WESTEX TRANSMISSION. LLC

18484 SOUTHERN CALIFORNIA GAS CO

26149 ALYESKA PIPELINE SERVICE CO

12576 ENABLE MISSISSIPPI RIVER TRANSMISSION. LLC

18646 ENBRIDGE OFFSHORE (GAS TRANSMISSION) LLC

30782 HARVEST PIPELINE COMPANY

HL Inactive 4,634 35 11

HL.GT.GG Active 10,821 33 9 3

HL,GT Active 1,678 32 45 12

HL Active 1,306 32 17 5

HL Active 151 31 6 5

HL Active 47 30 16 3

HL.GT Active 728 30 31 4

HL Active 495 27 18 5

GT Active 6,016 27 75 11

HL.GT Active 772 24 5

GT Active 9,117 24 92 15

HL Active 756 23 26 1

HL.GT.GG Active 5,778 22 48 10

HL Active 783 21 28 8

GT Active 10,131 21 84 15

GT.GD Active 2,467 20 7

HL Active 457 20 13 3

HL Active 3,698 20 28 5

HL.GT Inactive 161 19
sl

2

GT Active 5,984 19 65 14

HL Active 1,453 18 50 4

GT Active 5,360 18 67 13

HL.GT Active 1,130 18 35 11

HL.GT Active 2,290 17

HL Active 2,516 16 19 7

HL.GG Active 283 16 14 6

GT Active 3,855 16 133 7

HL Inactive 1,678 16 32 2

HL Active 1,131 16 58 9

HL Active 618 16 31 6

GT Active 5,446 15

HL Active 1,179 15 30 1

HL Active 1,306 15 30 9

HL Active 683 14 28 15

GT.GG Active 1,328 14 3 1

GT Active 2,193 14 1

GT.GD Active 3,485 14

HL.GT Active 950 13 151 25

GT Active 1,663 13 19 5

GT.GG Inactive 359 13 4

HL.GT.GG Active 584 13 10 2
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•
30003 HOUSTON REFINING IP.

12624 MOBIL CORP

32296 TARGA RESOURCES OPERATING LLC

2714 DOMINION TRANSMISSION. INC

32334 TC OIL PIPELINE OPERATIONS INC

22655 WBI ENERGY TRANSMISSION. INC.

26125 CALNEV PIPELINE CO

32103 CRIMSON PIPELINE LP.

4472 CYPRESS INTERSTATE PIPELINE LLC

30777 MOTIVA ENTERPRISE LLC

31286 ONEOK GAS TRANSPORTATION. LLC

31994 PANTHER OPERATING COMPANY. LLC

12874 QUESTAR PIPELINE. LLC.

19730 TRUNKLINE GAS CO

395 AMOCO OIL CO

31878 BRIDGER PIPELINE LLC

30755 CITGO PRODUCTS PIPELINE CO

5081 COFFEYVILLE RESOURCES CRUDE TRANSPORTATION. LLC

32258 KINDER MORGAN COCHIN LLC

18152 SEA ROBIN PIPELINE CO

2564 COLORADO INTERSTATE GAS CO

31570 TESORO HIGH PLAINS PIPELINE COMPANY LLC

3 ACADIAN GAS PIPELINE SYSTEM

32044 BP USFO/LOGISTICS

31371 BUCKEYE DEVELOPMENT & LOGISTICS. LLC

12408 DTE GAS COMPANY

31045 GENESIS PIPELINE USA. LP.

31451 KINDER MORGAN TEXAS PIPELINE CO

13769 NORTHERN BORDER PIPELINE COMPANY

31325 PACIFIC PIPELINE SYSTEM LLC

20160 PETROLOGISTICS OLEFINS. LLC

31574 WESTERN REFINING PIPELINE. LLC

2371 WESTERN REFINING SOUTHWEST. INC

30826 WILLIAMS FIELD SERVICES

22830 WOLVERINE PIPELINE CO

32551 BKEP PIPELINE. LLC

2190 CENTRAL FLORIDA PIPELINE CORP

31556 CHEVRON MIDSTREAM PIPELINES LLC

31336 CHEVRON U.S.A. INC

39149 IMTT-BAYONNE

4900 KINDER MORGAN TEJAS PIPELINE

HL Active 3 13

HL.GT Active 247 13

HL.GT.GG Active 1,309 13 10 1

HL.GT.GG Active 3,704 12 155 27

HL Active 1,869 12 62 13

GT Active 3,691 12 40 8

HL Active 569 11 29

HL Active 661 11

HL Active 104 11 21 10

HL Active 111 11

GT.GG Active 2,595 11
l|

HL.GG Active 525 11 7 4

GT Active 2,667 11 59 8

GT Active 2,217 11 24 2

HL Active 1,151 10 26 5

HL Active 406 10 27 6

HL Active 346 10 3 1

HL Active 360 10 10 7

HL Active 1,244 10 24 1

GT Active 867| 10 11 4

HL.GT Active 6,197 9 91 9

HL Active 403 9 19 8

GT.GG Active 731 8

HL Active 4 8 16 2

HL.GT Active 1,511 8 6 2

GT.GG,GD Active 2,119 8 5 2

HL Active 387 8 9 4

GT.GG Active 1,557 8 1

GT Active 1,409 8 18 5

HL Inactive 339 8

HL.GT Inactive 492 8

HL Active 635 8 12 7

HL Active 39 8 12 9

HL.GT.GG Active 1,496 8 29 6

HL Active 915 8 20 5

HL Active 784 7

HL Active 206 7 13 2

HL.GT Active 417 7

HL.GG Active 48 7 14 4

HL Active 49 7 5 1

GT.GG Active 2,801 7 1
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14194

30781

15931

32052

31554

26065

2704

11551

32678

26086

39043

792

1960

4060

31613

32005

31604

32283

6660

32619

10250

32035

11733

14210

15518

32450

18779

39013

30909

4430

39307

32288

879

99031

2387

26049

12696

31627

39023

4070

25146

OILTANKING. HOUSTON LP 

OLYMPIC PIPE LINE COMPANY 

PUBLIC SERVICE CO OF COLORADO 

WHITE MARLIN OPERATING COMPANY. LLC

BOARDWALK PETROCHEMICAL PIPELINE. LLC 

CHS MCPHERSON REFINERY INC- 

CONSOLIDATED EDISON CO OF NEW YORK 

DELEK LOGISTICS OPERATING. LLC. 

KINDER MORGAN CRUDE AND CONDENSATE LLC 

SEADRIFT PIPELINE CORP 

TALLGRASS PONY EXPRESS PIPELINE. LLC 

ATLANTA GAS lightco

BUTTE PIPELINE CO 

DOMINION EAST OHIO 

ENBRIDGE PIPELINES (EAST TEXAS) LP.

EOT MIDSTREAM 

FRONT RANGE PIPEUNLLLC 

GREAT LAKES GAS TRANSMISSION CO 

HILAND CRUDE. LLC 

KIANTONE PIPELINE CORP

LDH ENERGY PIPELINE LP.

LOOP LLC

OKLAHOMA NATURAL GAS COMPANY. A DIVISION OF ONE GAS....

PIEDMONT NATURAL GAS CO INC

ROADRUNNER PIPELINE. LL.C.

SUNOCO. INC (R&M) 

TESORO SOCAL PIPELINE COMPANY LLC 

TRANSMONTAIGNE OPERATING COMPANY LP. 

VALERO TERMINALING AND DISTRIBUTION COMPANY

VITOL MIDSTREAM. LLC 

WHITE CLIFFS PIPELINE. LLC

CHEMOIL TERMINALS CORP. 

CITGO PETROLEUM CORPORATION (TERMINALS)

CITGO PIPELINE CO 

COUNTRYMARK REFINING AND LOGISTICS. LLC

CYPRESS GAS PIPELINE COMPANY

DENBURY ONSHORE. LLC 

DOUBLE EAGLE PIPELINE LLC 

EAST TENNESSEE NATURAL GAS. LLC (SPECTRA ENERGY...

EQUISTAR CHEMICALS. LP.

HL Active 5 7

HL Active 413 7 35

GT.GG.GD Active 2,129 7

HL.GG Active 81 7

HL Active 178 6 8

HL Active 267 6 7

GT.GD Active 48 6

HL Active 567 6 15

HL Active 253 6

HL Active 1,031 6

HL Active 763 6 22

GT.GD Active 1,051 5 1

HL Active 459 5 10 3

GT.GG.GD Active 1,760 5 2

HL.GT.GG Active 1,227 5

GT Active 1,876 5

HL.GT.GG Active 1,063 5 59 9

HL Active 428 5 14 8

GT Active 2,115 5 31 6

HL Artive 147 5 9

HL Active 85 5 23 7

HL Inactive 1,446 5

HL Active 114 5 18 5

GT.GD Active 711 5 1

GT.GD Active 2,878 5 2

HL Active 69 5 2

HL,GT.GD Inactive 27 5 11 4

HL.GT Active 167 5 4

HL Active 159 5 18 5

HL.GT Active 126 5 18 4

HL Active 73 5

HL Active 1,055 5 22 2

HL Active 31 4

HL Active 19 4 10 4

HL Active 82 4 28 5

HL Active 445 4 8 2

GT Active 582 4

HL.GT Active 348 4 15 8
HL Active 204 4

GT Active 1,526 4 38 2

HL.GT Active 1,504 4 2
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39080

7063

31816

12634

31166

13063

6141

31885

32163

31822

32209

19610

21252

207

32513

31056

18386

12350

39084

31846

31423

31448

15014

26045

32683

9011

32632

30658

30792

11272

11824

39183

30005

840

31663

26136

15329

32169

20044

32335

18273

GLASS MOUNTAIN PIPELINE

HARBOR PIPELINE CO 

MID-CONTINENT FRACTIONATION AND STORAGE. L.L.C.

MOBIL CHEMICAL CO 

MUSTANG PIPE LINE LLC 

NATIONAL FUEL GAS SUPPLY CORP

NEW MEXICO GAS COMPANY

PACIFIC TERMINALS LLC 

ROCKIES EXPRESS PIPELINE LLC 

SUNCOR ENERGY (USA) PIPELINE CO.

TEPPCO MIDSTREAM COMPANIES. LLC

TRANSWESTERN PIPELINE COMPANY LLC

VIKING GAS TRANSMISSION CO

ALASKA PIPELINE CO 

AMEREN ILLINOIS COMPANY

ASIG - HONOLULU

BP OIL PIPELINE CO

CENTERPOINT ENERGY RESOURCES CORP., DBA CENTERPOINT...

CRIMSON GULF. LLC 

DOMINION CAROLINA GAS TRANSMISSION. LLC

ENBRIDGE ENERGY MARKETING LLC

ENBRIDGE PIPELINES (TOLEDO) INC

GAS TRANSMISSION NORTHWEST LLC

HAWAII INDEPENDENT ENERGY

INLAND CORPORATION

J - W GATHERING CO 

JP ENERGY MARKETING. LLC

KERN OIL & REFINING CO.

LAMAR OIL & GAS 

LAVACA PIPELINE CO 

LOUISVILLE GAS & ELECTRIC CO 

MEDALLION OPERATING COMPANY. LLC

MOBIL PACIFIC PIPELINE CO 

MOJAVE PIPELINE OPERATING COMPANY

NAVAJO NATION OIL AND GAS COMPANY

PARAMOUNT PETROLEUM CORP

PEOPLES GAS LIGHT & COKE CO

PLAINS PRODUCTS TERMINALS LLC

PRAXAIR, INC 

REGENCY INTRASTATE GAS LP

SHELL PIPELINE CORP

O''D

HL Active 215 4

HL Active 80 4 5 2

HL Active 62 4 6 2

HL,GT Active 218 4

HL Active 210 4 6 2

GT,GG,GD Active 1,654 4 127 10

GT,GD Active 1,631 4

HL Inactive 68 4

GT Artive 1,713 4 47 7

HL Active 330 4 32 2

HL,GG Inactive 1,673 4

GT Active 2,547 4 32 2

GT Active 672 4 20 2

GT,GD Active 391 3 16 3

GT.GD Active 1,246 3

HL Active 6 3 13 10

HL Active 108 3 19 3

GT.GD Active 151 3 2

HL Active 659 3 4 2

GT Active 1,465 3 21 3

HL Inactive 38 3 4

HL Active 148 3 3 2

GT Active 1,378 3 50 13

HL Active 24 3 13 5

HL Active 571 3 7

GT.GG Active 49 3

HL Inactive 115 3 2

HL Active 24 3

HL.GG Active 67 3

HL, GT.GG Active 149 3

GT.GD Active 400 3

HL Active 209 3

HL Active 28 3

GT Active 562 3 20 1

HL Active 88 3 8 6

HL.GT Active 139 3 3 1

GT.GD Active 424 3

HL Inactive 8 3 2 2

GT Active 376 3 12 8

GT Inactive 456 3

GT.GG Active 362 3 4



18536

1007

22175

30959

20202

26303

31296

32688

117

1541

11820

32178

31455

30825

26120

2596

31506

515

26061

31485

32532

32107

32113

31983

31723

39068

5656

32658

31659

31159

10035

11032

32246

12127

9171

32412

31871

32414

857

32174

12498

SOUTHWEST GAS CORP 

JALLGRASS INTERSTATE GAS TRANSMISSION. LLC

TARGA MIDSTREAM SERVICES, LP.

THE DOW CHEMICAL COMPANY

ULTRAMAR INC 

yNOCALPIPEUNE CO - EASTERN REGION

y-ENQCQJNC
WEST COAST TERMINAL PIPELINE (WCTP)

AIR PRODUCTS & CHEMICALS INC

BP PIPELINES (ALASKA), INC

BRIDGELINE HOLDINGS. LP 

CALIFORNIA RESOURCES CENTRAL VALLEY

CALUMET MONTANA REFINING. LLC 

CITGO PETROLEUM CORPORATION (REFINERY)

COLLINS PIPELINE CO 

COLUMBIA GAS OF OHIO INC 

CONOCOPHILLIPS COMPANY (E&P-L-48)

DAKOTA GASIFICATION COMPANY

DELEK CRUDE LOGISTICS. LLC. 

ENBRIDGE OFFSHORE (GAS GATHERING) LLC

ENERGY XXI PIPELINE. LLC

ENLINK NGL PIPELINE. LP 

ENLINK NORTH TEXAS PIPELINE. LP

EPL PIPELINE. LLC 

EXXONMOBIL REFINING AND SUPPLY COMPANY

FIELDWOOD ENERGY. LLC

FRONTIER PIPELINE CO 

HARVEST-MARKS PIPELINE. LLC

IBC PETROLEUM INC

KANSAS GAS SERVICE COMPANY. A DIVISION OF ONE GAS, INC.

KPC PIPELINE. LLC

LACLEDE GAS CO 

LDH ENERGY MONT BELVIEU LP.

MARATHON ASHLAND PIPE LINE LLC 

MARKWEST JAVELINA PIPELINE COMPANY. LLC 

MARKWEST LIBERTY MIDSTREAM & RESOURCES. LLC

MARKWEST MICHIGAN PIPELINE. LLC 

MARKWEST OKLAHOMA GAS COMPANY. LLC

MARKWEST PINNACLE PNG UTILITY. LLC

MCCAIN PIPELINE COMPANY 

MIDWESTERN GAS TRANSMISSION CO

GT.GD Active 630 3

GT.GG Active 4,305 3 42

HL.GT.GG Inactive 346 3

HL.GT Active 247 3

HL.GT Active 34 3 2|

HL Active 5 3 2]

HL.GT.GG Active 67 3 17

HL Active 38 3 4

GT Active 738 2 16

HL.GT Active 83 2 56 16

GT Active 962 2

HL.GT.GG Active 63 2 13 8

HL Active 3 2 6 8

HL.GT Active 9 2 1

HL Active 125 2 9 4

GT.GD Active 132 2

HL Active 115 2

HL.GT Active 208 2 5 6

HL Active 220 2

HL.GT.GG Active 465 2 9 1

HL.GG Active 152 2 7

HL Active 309 2 2

GT Active 136 2

HL.GG Active 39 2 5

HL Active 34 2

HL.GG Active 130 2 2
HL Inactive 289 2 1

HL Inactive 58 2

GG Inactive 33 2

GT.GD Active 1,547 2

GT Active 1,000 2 18 7

HL,GT.GD Active 271 2 5

HL Inactive 102 2

GT Inactive 0 2 1

HL.GT.GG Active 54 2

HL.GG Active 518 2 2

HL Active 40 2 13

GT.GG Active 53 2 3 1

GT Active 140 2

HL Active 6 2 5 2

GT Active 402 2 8 1
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32262

999

15350

99043

15915

15938

32668

31852

17620

18156

32602

31594

31835

39012

31779

26099

38933

18532

19410

38894

30834

31013

39105

32223

26112

31470

21349

30940

31968

288

8170

12462

32013

31264

31245

22476

1217

32453

32088

1472

1552

PAA NATURAL GAS STORAGE. LLC 

PACIFIC COAST ENERGY COMPANY. LP

PEOPLES NATURAL GAS COMPANY LLC 

PETROLEUM FUEL AND TERMINAL COMPANY

PIPELINES OF PUERTO RICO INCD. THE

PUBLIC SERVICE CO OF NORTH CAROLINA

PVR MARCELLUS GAS GATHERING. LLC

REGENCY FIELD SERVICES LLC 

ROCKY MOUNTAIN NATURAL GAS CO INC

SEADRIFT PIPELINE CORP 

SOCAL HOLDINGS. LLC / LA BASIN 

SOUTHCROSS CCNG TRANSMISSION LTD 

STERLING EXPLORATION & PRODUCTION CO LLC

SUMMIT MIDSTREAM PARTNERS. LLC

SWISSPORT FUELING INC

TAMPA BAY PIPELINE CO. 

TESORO LOGISTICS OPERATIONS LLC - SOUTHERN CALIFORNIA

TEXAS GAS SERVICE COMPANY. A DIVISION OF ONE GAS. INC.

THUMS LONG BEACH CO 

THUNDER BASIN PIPELINE. LLC 

TIDELANDS OIL PRODUCTION COMPANY

TRANSPETCO TRANSPORT CO. 

VALERO PARTNERS OPERATING CO. LLC

VALERO REFINING COMPANY - CALIFORNIA

VALERO REFINING-TEXAS LP. 

VECTREN ENERGY DELIVERY OF OHIO

VIRGINIA NATURAL GAS

WILLIAMS ENERGY. LLC 

WTG GAS TRANSMISSION COMPANY 

ALGONQUIN GAS TRANSMISSION. LLC (SPECTRA ENERGY...

ALU ANT ENERGY - INTERSTATE POWER AND LIGHT COMPANY

AMERICAN MIDSTREAM (MIDLAT LLC

AMERICAS PROPANE LP

AQUILA NETWORKS

ATI METALS

ATMOS ENERGY CORPORATION - KY/MID-STATES (KENTUCKY)

BEAR CREEK STORAGE CO 

BHP BILLITON PETROLEUM (EAGLE FORD GATHERING) LLC

BIG WEST OF CALIFORNIA. LLC

BLACK MARLIN PIPELINE CO 

BLUE DOLPHIN PIPELINE COMPANY

GT,GG Active 184 2 9

HL,GG Active 10 2 4

GT,GG,GD Active 432 2

HL Active 3 2

HL Active 10 2 9

GT.GD Active 577 2

GT,GG Inactive 72 2

HL.GG Inactive no 2

GT Active 513 2 1

GT Active 247 2

HL.GT.GG Active 8 2| 8

GT Active 405 2

HL,GG Inactive 37 2

HL.GG Active 31 2 8

HL Active 12 2

HL Active 93 2 15

HL Active 15 2

GT.GD Active 314 2

HL.GT.GG Active 33 2 11

HL Active 45 SB 4

HL.GT Active 5 2 3

HL Active 179 2 5

HL.GT Active 292 2 3

HL Active 25 2

HL.GT Active 76 2

HL,GT.GD Active 234 2 3

GT.GD Active 191 2

HL.GT.GG Active 543 2 6

GT Active 559 2 1

GT Active 1,133 1 114

GT.GD Active 810 1 1

GT Active 345 1 11

HL,GT.GD Active 6 1 24

GT.GD Inactive 279 1

GT.GD Active 5 1

GT.GD Active 196

GT Active 25 1 4

HL.GT Active 201 1

GT Inactive 2 1 4

GG Active 55 1 4

GT.GG Active 70 1 4
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39010

32249

1734

32483

31824

39229

31670

2196

32646

2339

32177

32379

39191

31571

18104

2859

32205

32543

32545

31088

31304

3466

2162

5320

2364

15825

4350

31202

32502

39286

32118

32117

30666

32009

26039

18667

39264

39047

32410

32407

31527

BLUE RACER MIDSTREAM. LLC

BLUEWATER G AS.SJ OR AG 

BRIDGELINE GAS DISTRIBUTION LLC

BRIDGER LAKE, LLC 

CALUMET LUBRICANTS CO- L.P.

CAMINO REAL GATHERING CO LLC

CjMNESELTD 

CENTRAL HUDSONGAS &.ELECTRIC_CQRP

CHESAPEAKE OPERATING, LLC. 

CHEVRON PRODUCTS COMPANY - HAWAII

CHIEF ETHANOL jUELSJNC
COBRA PIPEUNE CQM.PANL.LID-,

CONSOLIDATED EDISON CO OF NY

CONSUMERS ENERGY

cpsenergy

CRANBERRY PIPELINE CORP (WVJ

DAVIS PETROLEUM PIPELINE,..LLC.

DENBURY GREEN PIPELINE.-TEXAS,.LLC

DENBURY GULF COASI.PIPELINES, LLC 

DESTIN PIPELINE COMPANY, LLC

DEVON GAS SERVICES, LP

DOME PETROLEUM CORP 

DOW PIPELINE CO - CAYUSE 

DUKE ENERGY F LOR I DA, .LLC D/B/A DUKE ENERGY

DUKE ENERGY OHIO

EAGLE US 2 LLC 

ELIZABETHTOWN GAS CO

ENABLE MIDSTREAM PARTNERS. LP

ENBRIDGE PIPELINES (SOUTHERN LIGHTS) LLC.

ENERGY XXj USA, INC 

ENLINK NORTH TEXAS GATHERING, LP

ENLINK PROCESSING SERVICES,. LLC

enmarkenergljnc

EXXONMOBIL OIL CORPORATION-TERMINALS

FLORIDA POWER & LIGHT CO 

fr.eeport-mcmorano.il.&_gas

FRONTIER ENERGY SERVICES, LLC.

GEL OFFSHORE PIPELINE, LLC 

GENESIS FREE STATE PIPELINE^LLC

GENESIS PIPELINE TE_XAS,LP:

GORDON TERMjNAL SERVICES

HL,GG Active 298 1 1

GT,GG Inactive 36 1 2

GT Inactive 476 1

HL Active 24 1 4

HL Active 34 1

HL,GG Active 47 1

HL Inactive 51 1

GT,GD Active 165 1

HL,GT,GG Active 29 1

HL Active 45 1 12

GT Active 2 1

GT,GG,GD Active 170 1

HL Active 1 1

GT,GD Inactive 12 1

GT,GD Active 89 1

GT,GG,GD Active 213 1

GG Active 15 1

HL Active 144 5

HL Active 370 1 8

GT Active 272 * 6

HL,GT Active 47 1 3

HL Inactive 136 1 3

HL Active 249 1 5

HL Active 33 1 9

GT,GD Active 71 1

GT Active 43 1 7

GT,GD Active 22 1

HL,GT,GG Active 271 1

HL Active 816 1 8

HL Active 158 1 2

GT,GG Active 237 1

HL.GT Active 450 1

HL,GT,GO Active 100 1 6

HL Active 4 1 10

HL,GT Active 91 1 7?

HL.GT,GG Active 107 1 30

HL Active 130 1 1

HL Active 70 1 2

HL Active 91 1 2

HL Active 114 1

HL Inactive 5 1 3



6580 GRANITE STATE GAS TRANSMISSION INC

6640 GRAYVILLE GAS DEPT. CITY OF

31712 GUARDIAN PIPELINE, LLC

6911 GULF STATE PIPELINE CO INC

7050 HAMPSHIRE GAS CO

31863 HFOTCO LLC

39055 JP ENERGY PERMIAN LLC

31705 KATY STORAGE & TRANSPORTATION LP

31082 KEY PIPELINE LIMITED

1800 KEYSPAN ENERGY DELIVERY - NY CITY

39467 KURARAY AMERICA. INC.

31836 LEGACY RESOURCES CO LP

31673 LONE STAR NGL REFINERY SERVICES LLC

12180 MARSHALL COUNTY GAS DISTRICT

32051 MARTIN OPERATING PARTNERSHIP. LP.

31686 MASTERS RESOURCES LLC

30750 MIDAMERICAN ENERGY COMPANY

32436 MIDCONTINENT EXPRESS PIPELINE LLC

30769 MISSOURI GAS ENERGY

12684 MONTANA - DAKOTA UTILITIES CO

12732 MONTEZUMA NATURAL GAS DEPT

13299 NEW JERSEY NATURAL GAS CO

38924 NGL CRUDE TERMINALS

13480 NIAGARA MOHAWK POWER CORP

13710 NORTHERN ILLINOIS GAS CO

13840 NORTHWEST NATURAL GAS CO

39090 NUTAAQ PIPELINE. LLC

14145 OHIO RIVER VALLEY PIPELINE. LLC

32613 OILTANKING PORT NECHES. LLC

30629 ONEOK FIELD SERVICES COMPANY. LLC.

31532 ONEOK GAS STORAGE. LLC

1031 ONYX PIPELINE CO

15033 PAIUTE PIPELINE CO

15348 PEOPLES GAS SYSTEM INC

15485 PHILLIPS 66 COMPANY - SWEENY REFINERY

32037 PICT LANDFILL GAS. LLC

15786 PORTLAND PIPE LINE CORPORATION

12876 QUESTAR GAS COMPANY

32167 QUICKSILVER RESOURCES INC

39085 RIMROCK MIDSTREAM

18112 SAN DIEGO GAS & ELECTRIC CO

GT Active 86 1 12 4

GT.GD Active 14
l|

GT Active 263 1 4 1

HL Active 55 1

GT Active 18
l|

8

HL Active 21
l|

HL Active 150 1

GT Active 16 1

HL Inactive 17 i! 4 2

GT.GD Active 70
i|

HL Active 9 i

GT Inactive 4 i

HL Inactive 105 i

GT.GD Active 85 i

HL Active 213 i

GG Inactive 99 i

GT.GD Active 705 i 4

GT Active 512 i 10 1

GT.GD Active 46 i

GT.GD Active 93 i
l] 1

GT.GD Active 19 i

GT.GD Active 227
i|

HL.GG Active 60 i 4

GT.GD Active 272 i 1 2

GT.GD Active 1,159 i 1

GT.GD Active 653 i

HL.GT Active 57 i 3 1

HL Active 68 i 5 1

HL Inactive 3 i

GT.GG Active 188 i 1 2

GT Active 50 i 1

GT Inactive 65 i

GT Active 859 i 31 2

GT.GD Active 162 i

HL.GT Active 341
i|

GT Active 3 i

HL Active 332 i 18 7

GT.GD Active 826 i

HL,GT.GG Active 35
i|

HL Active 46 i 3

GT.GD Active 228 i
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39104

18408

31557

32341

32266

18608

32380

31591

31583

32327

39098

19269

32346

19319

32487

19580

31270

19892

15259

20035

39349

31356

22435

31563 

31703 

32096 

32460

899

31564 

31544 

32665 

32662 

32350

21

31759

32317

31313

39056

31007

32538

31749

SKEISUI SPECIALTY CHEMICALS AMERICA

SOUTH CAROLINA ELECTRIC & GAS CO 

SOUTHCROSS GULF COAST TRANSMISSION. LTD

SOUTHEAST SUPPLY HEADER, LLC

ST. JAMES OIL CORPORATION 

STANDARD PACIFIC GAS. LINE INC 

STECKMAN RIDGE. IP (SPECTRA ENERGY PARTNERS. LP)

STONE ENERGY

TESORO LOGISTICS OPERATIONS LLC - MOUNTAIN REGION

TEXAS PIPELINE LLC 

TEXSTAR MIDSTREAM LOGISTICS. LP

TGG PIPELINE LTD 

TOTAL PETROCHEMICALS PIPELINE USA ■ INC.

TPC GROUP. LLC 

TRANSCANADA NORTHERN BORDER INC

TRANSCOLORADO PIPELINE CO.

TRI-STATES NGL PIPELINE LLC

UCAR PIPELINE INCORPORATED

UGI PENN NATURAL GAS 

UNOCAL PIPELINE COMPANY

USG WHEATLAND PIPELINE. LLC

VECTOR PIPELINE. LP.

WEST TEXAS GAS INC 

WHITECAP PIPE LINE COMPANY. LLC.

WILLIAMS MLP OPERATING. LLC 

WYNNEWOOD REFINERY COMPANY

1486 GAS PIPELINE. LLC 

5P GAS PIPELINE COMPANY

7-DGAS SUPPLY CORP

ABARTA OIL & GAS CO 

ABBOTT NUTRITION SUPPLY CHAIN

ABBS VALLEY PIPELINE LLC

ABSOLUTE ENERGY LLC. 

ACACIA NATURAL GAS. LLC.

ACADIA PARTNERS PIPELINE

ACME BRICK 

ACME BRICK LATERAL - KN ENGERY

ACTIVA RESOURCES. LLC 

ADM CORN PROCESSING DIVISION-NW GAS CONTRACTED

ADVANCED REFINING CONCEPTS. LLC

AECC- OSWALD GENERATING STATION

HL Inactive 2 1

GT,GD Active 447 1

GT.GG Active 106 1

GT Active 287 1 7

HL Inactive 3 1

GT Active 56 1

GT Active 9 1 8

HL,GG Active 25 1 14

HL Active 19 1 10

HL,GT Active 93 1

HL Active 144 1

GG Active 17 1

HL Active 39 1

HL,GT Active 134 1

GT Active 302 1 19 5

GT Active 312 1 14 3

HL Active 167 1 9 4

HL.GT Artive 417 1 12 4

GT,GD Active 50 1

HL,GG Inactive 65 1 1 1

HL Active 23 1 2

GT Active 274 1 11 7

GT,GG,GD Active 813 1 15 9

HL Active 44 1 6 2

HL.GT.GG Active 736 1 1

HL Active 2 1

GT Active 5

GT Active 8

GG Active 2

GG Active 2

GT Active 1

GG Inactive 1

GT Active 3

GT,GG Active 125

GT Active 8

GT Active 7

GT Active 9

GG Active 1

GT Active 18

GT Active 0

GT Active 5
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32306

31067

39356

32294

32073

31181

32190

31375

842

30901

39250

39235

144

31225

32197

32358

180

32605

30851

250

38954

31389

39256

31199

22784

32559

31443

31552

32593

31758

383

2200

2204

8040

20050

32434

32435 

32433 

31771 

32126 

31911

AEP GENERATION RESOURCES-DARBY GENERATING STATION

AERA ENERGY LLC 

AETHON ENERGY OPERATING LLC

AG PROCESSING INC A COOPERATIVE

AGAVE ENERGY COMPANY 

AGC FLAT GLASS NORTH AMERICA. INC 

AGC FLAT GLASS NORTH AMERICA. INC- GREENLAND PLANT

AGRIUM US. INC 

AIR LIQUIDE LARGE INDUSTRIES U.S. LP 

AIRCRAFT SERVICES INTERNATIONAL GROUP (ASIG)

AIX ENERGY LLC 

AJAX PIPE LINE COMPANY. LLC

AJAX PIPELINE CO

AK STEEL CORP 

AKA ENERGY GROUP. LLC 

AKZO NOBEL PULP AND PERFORMANCE CHEMICALS.

ALABAMA GAS CORPORATION

ALAMO PIPELINE LLC 

ALBEMARLE CORPORATION

ALERT OIL & GAS CO INC 

ALLEGHENY LAND AND EXPLORATION 

ALLIANCE ENERGY TRANSMISSIONS - SYRACUSE. LLC

ALLIANCE PETROLEUM CORPORATION

ALLIANCE PIPELINE LP. 

ALLIANT ENERGY - WISCONSIN POWER & LIGHT CO

ALON USA KROTZ SPRINGS REFINERY. INC

ALON USA. LP 

ALPINE TRANSPORTATION CO-

ALTA MESA SERVICES. LP 

ALTAGAS FACILITIES (US) INC

AMARILLO NATURAL GAS INC

AMERENCILCO

AMERENCIPS

AMERENIP

AMERENUE 

AMERESCO EVANSVILLE LLC 

AMERESCO JEFFERSON CITY LLC

AMERESCO MCCARTY ENERGY LLC

AMERESCO PALMETTO 

AMERESCO PINE BLUFF. LLC 

AMERICAN ENERGIES GAS SERVICE. LLC

GT Active

HL,GT,GG Active

GT.GG Active

GT Active

HL,GT.GG Active

GT Active

GT,GD Active

HL,GT Inactive

GT Active

HL Active

GT Active

GG Active

GG.GD Inactive

GT Active

GT.GG Active

GT Active

GT.GD Active

GT Active

GT Active

GG Inactive

GG Active

GT Active

GG Active

HL.GT Active

GT.GD Active

HL Active

HL.GT Active

HL Active

GT.GG Active

HL.GT Active

GT.GD Active

GT.GD Inactive

GT.GD Inactive

GT.GD Inactive

GT.GD Active

GT Active

GT.GD Active

GT Active

GT Artive

GT Active

GT Active

14

27

8

1

1
12

5

9

71

7

0
2

375

7
1
3

10

10

7

1
224

33

6

10

7

10

6

969

40

18

62

35

5

2

19

197

288

767

66

5
4

6

10

3

5



31909 AMERICAN ENERGIES..P!PEL,1NL.L,LC

30948 AMERICAN MIDSTREAM (ALABAMA GATHERINGJ LLC

30946 AMERICAN MIDSTREAM (ALABAMA INTRASTATE) LLC

189 AMERICAN MIDSTREAM (ALATENN). LLC

31577 AMERICAN MIDSTREAM (BAMAGAS INTRASTATE) LLC

2879 AMERICAN MIDSTREAM (LOUISIANA INTRASTATE). LLC

31910 AMERICAN MIDSTREAM (MISSISSIPPI). LLC

31365 AMERICAN MIDSTREAM (SEACREST). LP

31424 AMERICAN MIDSTREAM (SIGCO INTRASTATE). LLC

31395 AMERICAN MIDSTREAM (TENNESSEE RIVER) LLC

39277 AMERICAN MIDSTREAM BAKKEN. LLC

31256 AMERICAN MIDSTREAM GAS SOLUTIONS. LP

31426 AMERICAN MIDSTREAM ONSHORE PIPELINES. LLC

39459 AMERICAN MIDSTREAM PERMIAN. LLC

31688 AMERICO ENERGY RESOURCES LLC

39430 AMP GATHERING 1. LP

31757 ANADARKO E & P COMPANY LP

473 ANADARKO PETROLEUM CORP

469 ANADARKO PRODUCTION CO

32489 ANCHOR POINT ENERGY. LLC

31523 ANDERSON OIL LTD

38914 ANDROSCOGGIN VALLEY REGIONAL REFUSE DISPOSAL DISTRICT

39005 ANGELINA GATHERING COMPANY. LLC

937 ANSCHUTZ - RANCH EAST PIPELINE CO

32680 ANSCHUTZ EXPLORATION CORPORATION

39162 ANTERO MIDSTREAM LLC

550 APACHE CORP

31864 APACHE CORPORATION

31540 APACHE GAS TRANSMISSION

32261 APC, INC

32465 APPALACHIA MIDSTREAM SERVICES. LLC.

980 APPALACHIAN NATURAL GAS DISTRIBUTION COMPANY

31760 AQUILA SERVICES INC

32521 ARAPAHO COMMUNICATIONS. LP

38962 ARBOL RESOURCES, INC,

32082 ARC TERMINALS

39241 ARC TERMINALS JOLIET HOLDINGS LLC

32416 ARCADIA GAS STORAGE. LLC

31662 ARCHER DANIELS MIDLAND CO

39148 ARGOS CEMENT LLC

31367 ARGUELLO, INC

GT Active 2

GT.GG Inactive 19

GT Active 118

GT Active 295 12 3

GT Active 52

GT Active 138

GT.GG Active
si

GT.GG Active 81

GT Active 40

GT Active 39'

ML Active 44|

HL.GT Active 38

GT Active 25

GT Active 1

GG Active 9

GG Active 2

HL.GG Inactive 221 4 4

HL, GT.GG Active 970 28 5

GT.GG Inactive 147

GT Active 7| 11 1

HL.GT Active
aj

GT Active
2!

GT.GG Active 25

GT Inactive 39 1

GG Inactive 4

GT.GG Active 10

GG Inactive 13

HL.GT Active 44 5 2

GT Active 18

GT.GD Active 2

GT.GG Inactive 28

GT.GD Active 8

GT Inactive 6

GT.GD Active 15

GG Inactive 7

HL Active 2 7 5

HL Active 5

GT Active 26

GT.GD Active 1

GT Active 20

HL.GG Inactive 38



585 ARGYLE MUNICIPAL GAS SYSTEM

39273 ARIA ENERGY

32618 ARKALON ETHANOL LLC

621 ARKANSAS OKLAHOMA GAS CORP

660 ARLINGTON GAS PIPELINE CO. LP

32490 ARLINGTON STORAGE COMPANY LLC

665 ARMADILLO PIPELINE CO

31786 AROC (TEXAS) INC

39002 ARP BARNETT PIPELINE, LLC

39011 ARP BARNETT, LLC

39083 ARROW PIPELINE

31517 ASCEND PERFORMANCE MATERIALS TEXAS INC

39337 ASCENT RESOURCES

31624 ASH GROVE CEMENT COMPANY

31114 ASSOCIATED MILK PRODUCERS INC PIPELINE

32421 ATCHLEY RESOURCES INC.

39118 ATLAS BARNETT. LLC

38884 ATLAS PIPELINE TENNESSEE. LLC

32463 ATMOS ENERGY CORPORATION - ATMOS GATHERING COMPANY. LLC

31729 ATMOS ENERGY CORPORATION - ATMOS PIPELINE AND STORAGE....

6720 ATMOS ENERGY CORPORATION - COLORADO/KANSAS

20211 ATMOS ENERGY CORPORATION - KY/MID-STATES (MID-STATES)

11800 ATMOS ENERGY CORPORATION - LOUISIANA

31348 ATMOS ENERGY CORPORATION - MID-TEX

12582 ATMOS ENERGY CORPORATION - MISSISSIPPI

11017 ATMOS ENERGY CORPORATION - TRANS LOUISIANA GAS PIPELINE

4473 ATMOS ENERGY CORPORATION - WEST TEXAS

39007 AURORA GAS. LLC

32094 AUX SABLE LIQUID PRODUCTS

32641 AUX SABLE MIDSTREAM

31232 AVISTA CORP

31685 AZTECA MILLING LP

39417 AZURE SHELBY ASSETS. LLC

39411 AZURE TGG. LLC

32059 B. D. DEANS LLC

39026 BAGLEY PIPELINE, LLC

38945 BAKKEN PIPELINE COMPANY LP

1065 BALCONES STARR PIPELINE

1088 BALTIMORE GAS & ELECTRIC CO

31481 BANGOR GAS CO LLC

32124 BARNETT GATHERING. LLC

GT.GD Active 2

GT Active 3

GT Active 1

GT.GD Active 141

GT Active 12

GT Inactive 50

GG Inactive 4

HL.GT Inactive 13

GG Active 4

GT.GG Active 3

HL Inactive 102

HL Active 123

GG Active 22

GT Active 1

GT Inactive 20

GG Inactive 5

GT.GG Active 4

GT Active 28

GT Active 4

GT Active 26

GT.GD Active 9

GT.GD Active 66

GT.GD Active 21

GT.GD Active 314

GT.GD Active 294

GT Active 50

GT.GD Active 116

GT Active 20

HL.GT Active 78

GT Active 85

GT.GD Active 123

GT Active 8

GG Active 0
GG Active 13

GT Inactive 5

GG Active 2

HL Active 76

GG Active 29

GT.GD Active 161

GT.GD Active 9

GT.GG Active 381
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31116

1134

39303

31059

32145

31714

1130

31726

30073

32511

1176

31901

30026

31782

1213

30968

1232

6710

1228

1320

1344

26009

32224

32649

39059

1426

32583

1432

39278

31480

32544

32625

15359

2537

31754

32564

39372

1466

32244

1486

30047

bmon_Lxp.lqratjqn company 

BARROW UTILITIES & ELECTRI_C CORP

BASARiSQURCES, INC.

BASF CORPORATION 

BASIN ELECTRIC POWER COOPERATIVE

BASIN FROZEN FOODS

BASIN PIPELINE CORP

BASIN PIPELINE LLC 

BASS ENTERPRISES PRODUCTION CO 

BATON ROUGE RENEWABLE ENERGL..LLC

BATTLE CREEK GAS CO 

BAXTER HEALTHCARE CORP.

BAY GAS STORAGE CO. LTD.

BAYSIDE POWER STATION

BAZZLEGASCO 

BEARTOOTH PIPELINE 

BEDFORD NATURAL GAS SYSTEM

BELVAN PARTNERS LP

BENAVIDES, CITY OF 

BENSON-MONTIN-GREER DRILLING CORP

BERKSHIRE GAS CO 

BERRY PETROLEUM CO

BETA OFFSHORE 

BHP BILLITON PETROLEUM (ARKANSAS) INC.

BHP BILLITON PETROLEUM (TX GATHERING). LLC

BIG SANDY GAS COMPANY 

BIG SANDY PIPELINE. LLC (SPECTRA ENERGY PARTNERS. LP)

BIG TWO MILE GAS CO 

BIGHORN GAS OPERATING LLC

BIS TEPSCO INC- 

BLACK BELT ENERGY 

BLACK ELK ENERGY LLC

BLACK HILLS ENERGY

BLACK HILLS NORTHWEST WYOMING GAS UTILITY COMPANY. LLC

BLACK HILLS POWER INC 

BLACK, HILLS SERVICE COMPANY 

BLACK HjLLS.SHOSHONE,.PIPELINE, LLC 

BLACK LAKE PIPE LINE CO

BLACK POOL ENERGY. LP. 

BLACK WARRIOR TRANSMISSION CORP

BLANDING, CITY OF

GG Inactive ll

GT.GD Active 6

HL Active 16

HL Active 9

GT Active 25

GT Inactive 4

GG Inactive 1

GT(GG Active 90

GG Inactive 26

GT Active 5

GT,GG,GD Inactive 22

GT Active 2

GT Active 96

GT Active 1

GG Inactive 4

HL Inactive 76

GT,GD Active 17

HL Inactive 9

GT,GD Inactive 11

GG Inactive 60

GT,GD Active 6

GT Inactive 3

HL Active 18

GT.GG Active 90

GT Inactive 1

GG Active 0

GT Active 67

GG Inactive 6

HL,GT.GG Inactive 9

GT Inactive 3

GT Active 14

HL.GG Inactive 18

GT.GD Active 644

GT.GD Active 197

GT Active 1
GT Active 16

GT Active 30

HL Inactive 313

GG Active 8

GT.GD Active 11

GT.GD Active 33
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39021

39108

38932

32161

38903 

32606 

39138 

39210 

32396 

12990 

31973 

31149 

32233 

32257

1640

31630

30062

30657

1700

39249

30546

38899

32228

30029

955

39046

1752

39058

30984

32633

39230

30965

30981

2001
38950

39294

32629

31933

32394

38904 

32685

BLUE STONE NATURAL RESOURCES. LLC

BLUEFISH PIPELINE LLC 

BLUESTONE PIPELINE COMPANY OF PA. LLC

BMC HOLDINGS. INC. 

BOARD OF PUBLIC UTILITIES 

BOARDWALK FIELD SERVICES. LLC 

BOARDWALK LOUISIANA MIDSTREAM. LLC

BOARDWALK STORAGE COMPANY. LLC 

BOBCAT GAS STORAGE (SPECTRA ENERGY PARTNERS. LP)

BOBWHITE PRODUCTION CO INC

BOC GASES 

BOIS PARC OFFSHORE. LTD

BOPCO. LP. 

BORAL BRICKS. INC.

BOSTON GAS CO 

BP AMERICA PRODUCTION 

BRADKEN-ATCHISON/ST. JOSEPH. INC

BRAVO PIPELINE COMPANY 

BRAZOS ELECTRIC POWER COOPERATIVE INC

BRD ONE. LLC 

BREA CANON OIL COMPANY 

BREITBURN MANAGEMENT COMPANY. LLC

BREITBURN OPERATING (TEXAS)

BREITBURN OPERATING LP. 

BRIDGELINE STORAGE COMPANY

BRIDGER TRANSFER SERVICES, LLC

BRIGHTON MUNICIPAL GAS SYSTEM

BROWN INDUSTRIAL GAS. INC

BRYAN. CITY OF 

BUCCANEER ALASKA OPERATIONS. LLC

BUFFCO PRODUCTION. INC.

BULLDOG GAS & POWER LLC

C W RESOURCES 

CABOT OIL & GAS CORP 

CADEVILLE GAS STORAGE. LLC 

CAELUS NATURAL RESOURCES ALASKA. LLC

CAIMAN EASTERN MIDSTREAM. LLC

CALCASIEU REFINING COMPANY

CALEDONIA ENERGY PARTNERS. LLC

CALERA GATHERING LLC

CALGAS LLC

"j
o

GT Active 4

HL Active 4

GT Active 55

ML Inactive 5

HL Inactive 3

HL.GT.GG Active 120

HL.GT Active 468

GT Active 14

GT Active 24

GT Active 3

HL Active 7 5

HL.GG Inactive 10 1

GT.GG.GD Active 15

GT Active 3

GT.GD Active 6 1

HL.GT.GG Active 28 2

GT.GD Artive 2

HL Active 899 8

GT Active 71

GT Active 3

GG Inactive 11 1

HL Active 2

GG Active 56

HL.GT.GG Active 144

GT Inactive 11

HL Active 4 3

GT.GD Active 14

GG Inactive 6

GT Active 4

GT Inactive 1 5

GG Active 1

GT.GD Active 3j 7

GG Active 5

GT.GG.GD Active 20

GT Active 8 2

HL Active 8

GT Inactive 1

HL.GT Active 6

GT Active 3 2

GT Active 23

GT Active 6
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39099 CALIBER MIDSTREAM

31394 CALIFORNIA GAS GATHERING INC

31228 CALIFORNIA RESOURCES ELK HILLS. LLC

39227 CALIFORNIA RESOURCES VENTURA BASIN

2042 CALLIDUS TECHNOLOGIES BY HONEYWELL

992 GALLON OFFSHORE PRODUCTION. INC

31763 CALPINE NATURAL GAS LP

31788 CALPINE TEXAS PIPELINE LP

31847 CALUMET LUBRICANTS CO.. L P.

32503 CALUMET SHREVEPORT FUELS. LLC

12913 CALUMET SUPERIOR. LLC

32531 CAMBRIAN ENERGY/ SOUTHTEX FT. SMITH TREATERS

32345 CAMERON INTERSTATE PIPELINE

31789 CAMPEON GAS CORPORATION

39308 CANTERA OPERATING

39419 CANYON TRANSMISSION. LLC.

32158 CAPCO OPERATING CORPORATION

2066 CAPE COD GAS CO (DIV OF COLONIAL GAS CO)

32176 CARDINAL FG

32554 CARDINAL MIDSTREAM LLC

32657 CARDINAL OPERATING COMPANY. LLC

32515 CARGILL SALT

39444 CARRIZO (EAGLE FORD) LLC

39446 CARRIZO (MARCELLUS) LLC

1017 CARRIZO OIL & GAS. INC.

2128 CASCADE NATURAL GAS CORP

32142 CASCADE PIPELINE

30860 CASKIDS OPERATING COMPANY

39050 CASPER CRUDE TO RAIL. LLC

39030 CCI PARADOX MIDSTREAM LLC

31775 CCI ROBINSONfflS BEND LLC

32230 CD_X.GAS.LLC

39258 CEDARLINE LLC

32404 CEI PIPELINE. LLC

39037 CEJA CORPORATION

2168 CELANESE CHEMICAL CO

39492 CELANESE CHEMICALS. INC

32612 CELERO ENERGY II. LP.

32389 CENTAURI TECHNOLOGIES. LP

32024 CENTERPOINT ENERGY INTRASTATE PIPELINES. INC.

31790 CENTERPOINT ENERGY PIPELINE SERVICES

HL.GT.GG Active 30

GT Active 33

HL.GT Active 60

HL.GT.GG Active 62

GT Active 2

GG Inactive 6

GT Inactive 8

GT Active 41

HL Active 6

HL Active 8

HL Active 6

GT Active 1

GT Active 37

GT Inactive 8

GT,GG Active 20

GG Active 26

GG Inactive 17

GT.GD Active 0

GT Active 3

HL,GT Inactive 19

GT Active 105

GT Active 3

GT.GG Active 9

GT Active 2

GT Inactive 4

GT.GD Active 204

HL Active 13

GG Inactive 1

HL Active 6

GG Active 2

GT.GG Active 14

GT Inactive 23

GG Active 6

GT Active 11

GT Active 1

HL.GT Inactive 16

HL Active 21

HL Inactive 18

GT Active 6

GT.GD Active 184

GT Inactive 44



603

4499

31024

2180

2188

31584

31546

31783

32104

32603

32106

32058

31211

39341

39409

39201

32475

2256

2288

32264

32609

38920

31246

2309

31826

38963

31707

2332

39196

32510

2304

30713

39320

32406

31908

31382

39024

39123

2382

32676

31023

CENTERPOINT ENERGY RESOURCES CORP. 

CENTERPOINT ENERGY RESOURCES CORPORATION

CENTRA PIPELINE MINNESOTA INC-

CENTRAL CITY GAS SYSTEM DEPT

CENTRAL FLORIDA GAS CORP 

CENTRAL IOWA POWER COOPERATIVE 

CENTRAL LOUISIANA ENERGY PIPELINE CO (CLEPCO)

CENTRAL NEW YORK OIL AND GAS CO LLC

CENTRAL RESOURCES. INC- 

CENTRAL VALLEY GAS STORAGE. LLC

CENTURY ALUMINUM

CHACO ENERGY CO. 

CHALKEY TRANSMISSION COMPANY. LTD

CHALMETTE LOUISIANA LIQUIDS. LLC

CHALMETTE REFINING. LL.C.

CHANDELEUR PIPE LINE. LLC 

CHANDLER CONSTRUCTION SERVICES. INC

CHANUTE. CITY OF 

CHATTANOOGA GAS CO 

CHENIERE CREOLE TRAIL PIPELINE. LP.

CHEROKEE BASIN PIPELINE. LLC 

CHERRY ISLAND RENEWABLE ENERGY. LLC (CIRE)

CHESAPEAKE APPALACHIA. LLC. 

CHESAPEAKE UTILITIES CORPORATION

CHEVRON PRODUCTS COMPANY 

CHEVRON U.S.A. INC - APPALACHIAN/MICHIGAN BUSINESS UNIT

CHEVRON U.S.A. INC - PERMIAN BASIN

CHEYENNE LIGHT FUEL & POWER

CHEYENNE RAIL HUB

CHIEF GATHERING. LLC 

CHILDERSBURG GAS BOARD 

CHINN EXPLORATION COMPANY

CHISOS PIPELINE COMPANY LLC

CHROMA OPERATING. INC. 

CHS OILSEED PROCESSING-NW GAS CONTRACTED

CIMAREX ENERGY CO. OF COLORADO 

CINCO NATURAL RESOURCES CORPORATION

CINNABAR ENERGY LTD.

CITATION OIL & GAS CORP

CITATION PIPELINE LLC 

CITGO REFINING & CHEMICAL CO. LP.

GT.GD Active 105

GT.GD Active 148

GT Active 68

GT.GD Active 4

GT.GD Active 10

GT Active 5

HL.GT Active 41

GT Inactive 95

HL Inactive 3

GT Active 16

GT Active 13

GG Inactive 1

GT Inactive 40

HL Active 42

HL Active 4

GT Active 216

GT Inactive 6

GT.GD Active 0

GT.GD Active 7

GT Active 96

GT.GG Active 5

GT Active 4

GT.GG Active 187

GT.GD Active 9

GT Inactive 2

GG Active 33

HL,GT.GG Active 9

GT.GD Active 314

HL Active 2

GT Inactive 1

GT.GD Active 28

GG Active 24

GG Active 8

GT.GG Inactive 6

GT Active 5

GT.GG Inactive 10

GG Active 20

GT Active 10

GT Active 6

GG Active 3

HL.GT Active 66
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2392

2408

38965

32520

32431

3590

31093

32287

30040

31986

39113

32567

38959

32304

32263

31955

31416

31494

2465

2456

31974

30943

32637

2480

38890

31330

2512

39025

31263

30688

38910

39127

31725

39000

39345

31791

11856

32654

32076

31316

2585

CITIZENS GAS & COKE UTILITY

CmZENSGASFyELCO 

CITY OF ALBUQUERQUE, SOLID WASTE MANAGEMENT DEPT.

CITY OF BANGOR

CITY OF CALHOUN 

CITY OF DULUTH PUBLIC WORKS & UTILITIES

CITY OF FOSSTON MUNICIPAL GAS

CITY OF GARDNER

CITY .OF GIRARD

CITY OF GLENDALE, GLENDALE WATER & POWER

CITY OF GREENSBORO

CITY OF LITTLE ROCK 

CITY OF MIDLAND UTILITIES DIVISION

CITY OF REDDING

CITY OF ULYSSES

CITY OF VERNON 

CITY OF WALL LAKE 

CITY WATER AND LIGHT PLANT

CLAIBORNE NATURAL GAS INC 

CLARKE - MOBILE COUNTIES GAS DIST

CLAUSEN-KOCH ARC 

CLE INTRASTATE PIPELINE INC 

CLEAN HARBORS LONE MOUNTAIN FACILITY

CLEARFIELD MUNICIPAL GAS SYSTEM

CLEARWATER PIPELINE COMPANY LLC

CLECO POWER LLC 

CLINTON - NEWBERRY NATURAL GAS AUTH

CLOVER PRODUCTION COMPANY

CMF OF KANSAS LLC 

CMS GAS TRANSMISSION CO

CNX GAS COMPANY LLC 

COAL GAS RECOVERY II. LLC 

COALFIELD PIPELINE COMPANY

COASTLAND OPERATIONS LLC

COBRA OIL & GAS CORP. 

COBRA OPERATING COMPANY

COLONIAL GAS CO - LOWELL DIV

COLONIAL RESOURCES 

COLORADO ENERGY MANAGEMENT

COLORADO NATURAL GAS INC.

COLUMBIA GAS OF KENTUCKY INC

GT,GD Active 240

GT,GD Active 16

GT Active 2

HL Active 1

GT.GD Active 1

GT,GD Active 5

GT.GD Active 0

GT Active 1

GT Active 2

GT.GD Active 6

GT Active 31
GT Active 1

GT Active 3

GT Active 3

GG Inactive 3

GT.GD Active 4

GT.GD Active 11

GT Active 23

GT.GD Active 26

GT.GD Active 150

GT Inactive 3

GT Active 2

GT Active 5

GT.GD Active 6

GG Inactive 1

GT Active 9

GT.GD Active 103

GG Active 2

GT.GD Active 2

GT.GG Inactive 58

GT.GG.GD Active 38

GT Active 0

GT Active 16

HL Artive 1

GT Active 3

GG Inactive 3

GT.GD Artive 6

GG Artive 2

GT Inactive 5

GT.GD Artive 7

GT.GD Artive 57
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2588 COLUMBIA GAS OF MARYLAND INC

1209 COLUMBIA GAS OF MASSACHUSETTS

2600 COLUMBIA GAS OF PENNSYLVANIA

2604 COLUMBIA GAS OF VIRGINIA INC

39132 COLUMBIA MIDSTREAM GROUP. LLC

38990 COLUMBUS ENERGY. LLC

39110 COMINS LUMBER SALES. INC.

39270 COMMERCE MIDSTREAM, LLC

32128 COMMERCE PIPELINE LP.

38909 COMPRESSED ENERGY SYSTEMS. LLC

32238 CONAGRA FOODS LAMB WESTON. INC

32351 CONNECT NGL PIPELINE. LLC

38973 CONNECT TERMINALS. LLC

13131 CONOCOPHILLIPS (E&P - L-48)

15480 CONOCOPHILLIPS ALASKA NATURAL GAS CORP.

31970 CONOCOPHILLIPS ALASKA. INC.

39253 CONSOLIDATED ASSET MANAGEMENT SERVICES (TX), LLC

2710 CONSTITUTION GAS TRANSPORT CO

31895 CONTINENTAL BUILDING PRODUCTS

31776 CONTINUUM MIDSTREAM LLC

39091 COOK INLET ENERGY. LLC

2767 COOK INLET PIPE LINE CO

32144 COOS COUNTY PIPELINE

30691 COPANO FIELD SERVICES/COPANO BAY LP

32293 COPANO FIELD SERVICES/NORTH TEXAS. LLC

39172 COPANO FIELD SERVICES/SOUTH TEXAS LLC

31924 COPANO FIELD SERVICES/UPPER GULF COAST LLC

32541 COPANO NGL SERVICES (MARKHAM). LLC

32114 COPANO NGL SERVICES LLC

31925 COPANO PIPELINES/SOUTH TEXAS LLC

31926 COPANO PIPELINES/UPPER GULF COAST LLC

39487 COPANO PROCESSING LLC

32049 CORLENA OIL COMPANY

39063 CORN. LP

2796 CORNING MUNICIPAL UTILITIES

32319 CORONADO ENERGY E&P COMPANY. LLC

39184 CORONADO MIDSTREAM. LLC

32507 CORONADO PIPELINE COMPANY . LLC

31231 COTTRELLVILLE PIPELINE

39431 COVEY PARK RESOURCES LLC

32526 COWTOWN PIPELINE PARTNERS LP.

GT.GD Active 5

GT.GD Active 2

GT.GD Active 63 1

GT.GD Active 75

HL Active 36 2

GG Active 8

GT Active 1

GT Active 13

GT Inactive 3

GT Active 0

GT Active 0

HL Inactive 20

HL.GT Active 2

GT.GG Active 34 1

GT Active 44 19

HL Active 35 9

GT Active 20

GT.GD Inactive 16

GT Active 6

HL.GT,GG Active 31 2

GT.GG Active 8

HL Active 44 9

GT Active 77

GG Inactive 24

GT.GG Active 16

GG Active 12

GG Active 2

HL Active 176

HL Active 159

GG Active 2

GT.GG Active 107

HL Active 3

GG Inactive 3

GT Active 6

GT.GD Active 14

GT.GG Inactive 3

HL,GT.GG Inactive 34

HL Active 16

GT.GG Active 4

GG Active 2

HL.GT, GG Active 122
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32143

31477

32505

32639

32568

32677

39368

32576

38928

31919

39282

31090

993

31596

2899

32644

7640

30518

32328

39221

3081

32372

31408

3090

32384

3093

31100

3133

3156

3170

32083

39028

39293

32575

99001

39150

39129

32495

31252

31526

26031

COYOTE SPRINGS PLANT - PORTLAND GENERAL ELECTRIC

CRN PIPELINE COMPANY 

CPR PIPELINE

CRAWFORD COUNTY GAS GATHERING. LLC 

CRESTWOOD ARKANSAS PIPELINE LLC 

CRESTWOOD DAKOTA PIPELINE LLC 

CRESTWOOD MIDSTREAM PARTNERS IP 

CRESTWOOD PANHANDLE PIPELINE LLC 

CRESTWOOD PIPELINE EAST LLC 

CRESTWOOD WEST COAST LLC 

CRISP COUNTY POWER COMMISSION 

CROOKS MUNICIPAL GAS, CITY OF 

CROSSROADS PIPELINE COMPANY 

CROSSTEX ENERGY SERVICES. LP. 

CROSSTEX PIPELINE PARTNERS. LTD 

CUMBERLAND PIPELINE COMPANY. LLC. 

CYPRESS GAS MARKETING COMPANY 

D & LINC

DAIRY FARMERS OF AMERICA 

DAKOTA MIDSTREAM 

DAL-TILE CORP 

DAL-TILE CORPORATION 

DALLAS PRODUCTION INC 

DALTON WATER LIGHT & SINKING FUND COMMISSION 

DALTON-WHITFIELD REGIONAL SOLID WASTE MANAGMENT...

DAMASCUS GAS CO 

DANISCO CULTOR USA INC

DART OIL & GAS CORP

DAVIS GAS PROCESSING 

DAYTON POWER & LIGHT CO

DCOR, LLC 

DCP MIDSTREAM - PEPL

DPS RENTALS LLC 

DEEPROCK OIL OPERATING. LLC

DEFENSE FUEL SUPPLY POINT 

DELAWARE BASIN MIDSTREAM. LLC

DELAWARE BASIN NGL PIPELINE LLC

DELAWARE PIPELINE COMPANY. LLC

DELAWARE SOLID WASTE AUTHORITY 

DELAWARE STORAGE AND PIPELINE COMPANY

DELAWARE TERMINAL CO

GT Active 0

GT,GG Active 142 23 7

GT Active 11

GT Active 0

GT Inactive 43

HL Inactive 21 2 2

HL,GT,GG Active 404 8 2

HL,GT Active 21

GT Inactive 37

HL,GG Inactive 51 4 i

GT Active 13

GT.GD Active 14

GT Active 202

GT Inactive 1

GG Inactive 3

GT Inactive 10

GT Inactive 2

GT Active 1

GT Active 5

HL Active 21 4

GT Inactive 3

GT Inactive 3

GT,GG Active 9

GT,GD Active 29

GT Active 2

GG Inactive 1

GT.GD Active 3

GT Active 1

HL.GT Active 32

GT Active 14

HL.GG Active 97 29 2

GT Active 427 2 1

GT Active 7

HL Active 13 2

HL Active 5 2

GT Inactive 9

HL Active 24

HL Active 23 5 2

GT Inactive 1

HL Active 10 6 2

HL Inactive 3
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15851 DELEK MARKETING AND SUPPLY. LP

39520 DELFIN OFFSHORE PIPELINE LLC

3240 DELMARVA POWER & LIGHT COMPANY

31393 DELTA GAS GATHERING INC

3260 DELTA NATURAL GAS CO INC

32168 DENTON GATHERING MANAGEMENT. LLC.

32533 DESOTO GATHERING COMPANY LLC

32187 DETROIT EDISON - GREENWOOD ENERGY CENTER

3345 DEVON ENERGY PRODUCTION CO. LP

32427 DEWBRE PETROLEUM CORP

32354 DFW MIDSTREAM SERVICES. LLC

3370 DIAMOND SHAMROCK REFINING & MARKETING CO

32213 DIAMOND SHAMROCK REFINING CO. LP

32116 DICK BROWN TECHNICAL SERVICES

39248 DIVIDE CREEK GATHERING SYSTEM. LLC

31460 DOD DEFENSE ENERGY SUPPORT CENTER

32265 DOGWOOD ENERGY. LLC

31679 DOMINION EXPLORATION & PRODUCTION

7348 DOMINION HOPE

39133 DOMTAR PAPER COMPANY

39440 DOUBLE H

31442 DOUGLAS PIPELINE CO

31307 DOW HYDROCARBONS & RESOURCES. INC

3532 DOW INTRASTATE GAS CO

3527 DOW PIPELINE CO

3535 DOW PIPELINE CO

32454 DRY TRAILS MIDSTREAM ENERGY. LLC

32574 DTE METHANE RESOURCES. LLC

31866 DUKE ENERGY - ASHEVILLE COMBUSTION TURBINE

31892 DUKE ENERGY - DEBARY COMBUSTION TURBINE

31893 DUKE ENERGY - INTERCESSION CITY COMBUSTION TURBINE...

20110 DUKE ENERGY KENTUCKY

31887 DUKE ENERGY KENTUCKY - LIQUID

31886 DUKE ENERGY OHIO - LIQUID

39178 DUKE ENERGY- INDIANA NOBLESVILLE STATION

32210 DYNEGY KENDALL ENERGY. LLC

4005 E M W GAS ASSOCIATION

31075 E&B NATURAL RESOURCES MANAGEMENT CORP

39038 E&T LLC

32636 EAGLE CHIEF MIDSTREAM. LLC

38892 EAGLE ENERGY DEVELOPMENT COMPANY

HL Active 105

GT Active 30 1

GT.GD Active 8

GG Inactive 24 1

GT.GG.GD Active 168

GG Inactive 3

GG Active 7

HL Inactive 19 1

HL.GT.GG Active 53 1

GT.GG Active 11

GT.GG Active 117

HL.GT Inactive 13

GT Active 9

HL.GT Active 21 13

GT Active 4

HL Active 80

GT Active 7

GT.GG Inactive 10

GG.GD Active 62

GT Active 0

HL Active 512 1

GT.GD Active 65 3

GT Active 3

GT Active 8

HL.GT.GG Active 649 6

HL.GT Active 226

HL.GT Active 46 2

GT.GG Inactive 11

GT Active 3

GT Active 3

GT Inactive 0

GT.GD Active 25

HL Active 3 5

HL Active 4 3

GT Active 2

GT Active 2

GT.GD Active 68

HL.GT.GG Active 6 5

HL Active 0

GT Active 3

GG Inactive 6
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•
38943 EAGLE FORD MIDSTREAM. LP

32014 EAGLE MOUNTAIN PIPELINE CO LP

32045 EAGLE ROCK DESOTO PIPELINE. LP.

32635 EAGLE ROCK ENERGY SERVICES. LP.

32236 EAGLE ROCK FIELD SERVICES. LP.

32112 EAGLE ROCK MIDSTREAM. LP

32234 EAGLE ROCK OPERATING. LP.

39271 EAGLECLAW MIDSTREAM VENTURES

39267 EAGLERIDGE OPERATING. LLC

32655 EAST CHEYENNE GAS STORAGE. LLC

31000 EAST KENTUCKY POWER CORPORATION

31512 EAST RESOURCES INC

32586 EAST TEXAS RENEWABLES

4149 EASTERN SHORE NATURAL GAS CO

32590 EASTMAN GAS COMPANY. LLC

32491 EASTOK PIPELINE LLC

32561 ECOELECTRICA LP.

31361 EDMOND CITYUNK LLC

39017 EFS MIDSTREAM LLC

30028 EGAN HUB STORAGE. LLC (SPECTRA ENERGY PARTNERS. LP)

4273 EGYPTIAN GAS STORAGE CORP

32577 EIF KC LANDFILL GAS. LLC

32056 EL PASO CGP GAS TRANSMISSION CO.

30950 EL PASO FIELD SERVICES

32497 EL PASO REMEDIATION COMPANY

4310 ELBERTON NATURAL GAS SYSTEM

32540 ELECTRAGAS INC.

4360 ELIZABETHTOWN NATURAL GAS

39074 ELK HILLS POWER. LLC

39369 ELLSJET TERMINAL

39323 ELLWOOD REALTY ACQUISITION COMPANY (ERAC)

32217 ELWOOD ENERGY LLC

39094 ELYSIUM JENNINGS. LLC

38882 EM BIOGAS. LLC

38989 EMERALD GATHERING AND TRANSMISSION

38941 EMKEY GATHERING LLC

38944 EMKEY TRANSPORTATION INC

4440 EMMETSBURG MUNICIPAL UTILITIES

32569 EMPIRE GENERATING COMPANY LLC.

32171 EMPIRE PIPELINE CORPORATION

31592 EMPIRE PIPELINE INC

GT Active 167

GT.GG Inactive 78

GT.GG Inactive 274

HL Inactive 12

HL,GT.GG Inactive 58

GG Inactive 1

HL.GT.GG Inactive 49

GT Active 3

GG Active 3

GT Artive 7j

GT Active 7]

GG.GD Inactive 10

GT Artive 1

GT.GD Artive 442

GG Active 8

GT Artive 12

GT Active 2

GG Inactive 2

GT Inactive 25

GT Active 59

GT Active 16

GT Artive 1

GT Inactive 8

HL.GT.GG Inactive 72

GG Inactive 9

GT.GD Artive 12

HL Artive 3

GT.GD Artive 3

GT Artive 10

HL Artive 7

GT Artive 12

GT Artive 3

GT.GG Active 12

GT Artive 7

GG Artive 8
GG Artive 1

GT Artive 28

GT.GD Artive 3

GT Artive 5

GT.GG Artive 79

GT Active 270 10



39069 EMPIRE PIPELINE. LLC

32239 EMS USA. INC.

39147 ENABLE GAS GATHERING. LLC

8035 ENABLE ILLINOIS INTRASTATE TRANSMISSION. LLC

32318 ENABLE TEXAS LIQUIDS PIPELINE. LLC

31722 ENBRIDGE G & P (OKLAHOMA). L.P.

31943 ENBRIDGE GATHERING (NORTH TEXAS) L.P.

31615 ENBRIDGE GATHERING (TEXARKANA) LLC.

32101 ENBRIDGE MARKETING (NORTH TEXAS) L.P.

39354 ENBRIDGE OFFSHORE FACILITIES

31616 ENBRIDGE OFFSHORE PIPELINES (UTOS) LLC

31884 ENBRIDGE PIPELINES (LOUISIANA LIQUIDS) LLC.

31614 ENBRIDGE PIPELINES (NE TEXAS) L.P.

31944 ENBRIDGE PIPELINES (NORTH TEXAS) L.P.

31425 ENBRIDGE PIPELINES (TEXAS GATHERING) L.P.

31322 ENBRIDGE PIPELINES (TEXAS INTRASTATE) L.P.

31778 ENCANA OIL & GAS (USA) INC

915 ENCINAL GATHERING. LTD

32474 ENCORE OPERATING. L.P.

39142 ENERFIN FIELD SERVICES LLC

30588 ENERFIN RESOURCES 1 LIMITED PARTNERSHIP

952 ENERFIN RESOURCES 11-92 LIMITED PARTNERSHIP

19102 ENERGEN RESOURCES CORP.

31740 ENERGY CORPORATION OF AMERICA

31772 ENERGY MANAGEMENT & SVCS CO

16667 ENERGY NORTH NATURAL GAS INC

4489 ENERGY PRODUCTION CORP

31879 ENERGY WEST DEVELOPMENT. INC.

32536 ENERVEST OPERATING. LLC

32060 ENGLISH BAY PIPELINE. L.P.

32488 ENI US OPERATING CO. INC

39202 ENLINK CALCASIEU. LLC

31643 ENLINK DC GATHERING COMPANY. JV

31883 ENLINK LOUISIANA GATHERING. LLC

39112 ENLINK MIDSTREAM SERVICES. LLC

32597 ENLINK PERMIAN II. LLC

32634 ENLINK PERMIAN. LLC

39075 ENLINK TEXAS NGL PIPELINE. LLC

19761 ENLINK TUSCALOOSA. LLC

32659 MEM A. LLC

4483 ENSTAR NATURAL GAS CO

HL Active 50

GT Active 106

GG Active 23

GT Active 20

HL Inactive 86

GT Inactive 26

HL.GT.GG Active 265

GG Inactive 36

HL Inactive 28

HL,GG Active 269

GT Inactive 29

HL Inactive 42

HL.GT Inactive 10

GT.GG Inactive 121

HL.GT Active 392

GT Inactive 39

HL.GT.GG Active 90

GG Inactive 49

GT.GG Inactive 56

GG Active 23

GT.GG Active 30

GT Active 10

HL.GT.GG Active 10

GT.GG Active 27

GT Inactive 9

GT.GD Active 3

GT Active 5

GT.GD Inactive 30

GT.GG Active 56

GT.GG Inactive 3

HL Active 19

GT Active 13

GG Inactive 24

GG Inactive 2

GT.GG Active 288

HL Active 17

HL.GT Active 9

HL Active 36

GT Active 34

GT Active 51

GT.GD Active 1



13360

31773 

30006 

39214 

32221

4461

31774 

31876 

38887 

32184

4510

4511 

4476

39095

15979

32449

32298

32467

32046

32667

32093

32366

32087

7009

32278

31593

30639

31121

4908

5334

5335 

860

99128

31992

32274

39115

32401

39252

32469

31204

ENTERGY CORP 

ENTERGY NEW ORLEANS. INC 

ENTERGY SERVICES INC 

ENTERPRISE PELICAN PIPELINE LP. 

ENVEN ENERGY VENTURES LLC.

ENVIROGAS LP

EP ENERGY E&P COMPANY. LP. 

EP ENERGY GATHERING COMPANY. LLC 

EPIC MIDSTREAM LLC

EQUILON ENTERPRISES LLC DBA SHELL OIL PRODUCTS US

EQUITABLE GAS COMPANY. LLC 

EQUITRANS INC

ERGON-TEXAS PIPELINE 

ERGON TERMINALING. INC. 

EROC GATHERING COMPANY. LP.

ESG PIPELINE (JO. LLC 

ETC TIGER PIPELINE. LLC 

ETHANOL 2000 LLP (NORTHWEST GAS CONTRACTED)

EUREKA HUNTER PIPELINE. LLC

EX EL PIPELINE SERVICES LLC

EXCELERATE ENERGY LP 

EXCO OPERATING COMPANY. LP

EXCO RESOURCES (PAL LLC

E.XCQ RESOURCES, INC 

EXCO-NORTH COAST ENERGY. INC 

LXOKO GAS TEgiNOLpGIESJNC

EXPRO ENGINEERING INC 

EXXONMOBIL PRODUCTION COMPANY. A DIVISION OF EXXON...

fmccorp

F M C CORPORATION

FAIRBANK, CITY OF 

FAIRBANKS NATURAL GAS 

FAIRPLAY GAS GATHERING. LP.

FALCON BAY OPERATIONS, LLC

FAMCOR TRANSPORTATION,. INC

FARADAY,PIPELINE COMPANY

FASKEN OIL AND RANCH, L[D. 

FAYETTEVILLE EXPRESS PIPELINE, LLC 

FAYETTEVILLE GAS.PRODUCERS, LLC

GT Inactive 8

GT.GD Active 36

GT Inactive 4

GT Active 27

HL Active 28 3

GT Inactive 2

HL,GT,GG Active 189

HL,GT Active 14

GT.GG Inactive 28

HL Active 85 5

HL Inactive 9

GT,GG,GD Inactive 141 2

GT,GG Inactive 782 15

GG Inactive 11

HL Active 42

HL Active 38 6

GT.GG Inactive 7

GT,GD Active 4

GT Active 197 4

GT Active 1

GT.GG Active 18

GT Active 12 8

GT Inactive 8 3

GT.GG Inactive 178

GT Active 29 4

GG Inactive 1

GG Inactive 16

GT.GD Active 4

GG Inactive 8

HL.GG Active 258 24

GG Inactive 67

GT Active 14

GT.GD Active 8

GT.GD Active 1 33

GG Inactive 6

GG Inactive
2|

GG Active 4

GG Active 7j

GTI Active 11

GT Active 185 3

GT.GD Active 2
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32461

39291

570

38961

39022

30579

39067

2432

5330

32182

39434

26040

39155 

39154 

32202 

39251 

31853

5524

32393

39233

39312

32206

5605

38946

39156 

31406 

32248 

32385 

39086

6030

31988

31429

39014

3830

31745

38992

39078

31804

30785

32587

31753

FAYETTEVILLE GATHERING COMPANY 

FPL OPERATING LLC 

FERNDALE PIPELINE SYSTEM 

FIDELITY EXPLORATION & PRODUCTION COMPANY 

FINLEY RESOURCES. INC- 

FLASH GAS & OIL SOUTHWEST. INC 

FLINT HILLS RESOURCES ARTHUR, LLC 

FLORIDA CITY GAS 

FLORIDA PUBLIC UTILITIES CO 

FLORIDA ROCK INDUSTRIES. INC. 

FOOTHILLS TEXAS. INC. 

FOREST OIL CORP 

FORESTA GATHERING. LLC 

FORT APACHE ENERGY. INC. 

FOUNDATION ENERGY MANAGEMENT CO. LLC 

FOUNDATION ENERGY MANAGEMENT. LLC 

FOUNTAIN VALLEY POWER LLC 

FOUR STAR OIL & GAS CO 

FREEBIRD GAS STORAGE. LLC 

FREEDOM PIPELINE COMPANY. LLC 

FREEDOM PIPELINE. LLC 

FREEPORT LNG DEVELOPMENT. LP.

FREEPORT PIPELINE CO

FRESNO ENERGY LLC 

FRIO LASALLE PIPELINE. LP

FRONTIER ENERGY 

FRONTIER FIELD SERVICES, LLC

FRONTIER GAS SERVICES, LLC

FT. BEND POWER PRODUCERS 

GAINESVILLE REGIONAL UTIL GAS DEPT

GALLAGHER DRILLING INC

GALLOWAY ENERGY CO 

GALVESTON BAY ENERGY. LLC

GARLAND. CITY OF 

GAS RECOVERY SYSTEMS. LLC

GATEWAY COMMERCE LLC

GATEWAY DELMAR LLC 

GATEWAY OFFSHORE PIPELINE CO

GATEWAY PIPELINE COMPANY

GATEWAY RED OAK LLC

GATHERCO INC

GT.GG Active 23

HL Active 155

GT Active 36

GT.GG Inactive 10

GT.GG Active 6

GG Inactive 7

GT Active 22

GT.GD Active 104

GT.GD Active 13 8

GT.GD Inactive 26

HL Active 2

GG Active 4 2

GG Active 13

GG Active 1;

GT Inactive 11

GT Active 48

GT Active 6

HL. GT.GG Inactive 95

GT Active 8 3

GG Active 2

GG Active 12

GT Active 10 8

GT Inactive 3

GT Inactive 1

HL Active 197

GT.GD Active 139

HL.GT Active 26

HL.GT Inactive 54

GT Active 3

GT.GD Active 0 1

GT Active 0

GG Active a

HL.GG Active 38

GT Active 6

GT Active 4 4

GT Inactive 3

GT Active 1

GG Active 79

GT.GG,GD Active 20

GT Active 13

GG Active 15
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3082 GAYLYN INC

39126 GENERAL GAS PIPELINE. LLC

32409 GENESIS C02 PIPELINE. LP.

32492 GENESIS CRUDE OIL. LP.

32408 GENESIS NATURAL GAS PIPELINE. LP.

39352 GENESIS OFFSHORE HOLDINGS. LLC

32411 GENESIS PIPELINE ALABAMA. LLC

32130 GENON ENERGY - OSCEOLA

31538 GENON PINEY POINT. LLC

32066 GEOMETINC.

39428 GEOPETRO LLC

6345 GEORGIA PACIFIC LLC - CROSSETT PAPER OPERATIONS

31096 GEORGIA-PACIFIC CONSUMER PRODUCTS (CAMAS) LLC

32172 GERDAU MACSTEEL

39169 GIBBS DIE CASTING. INC

31737 GILA RIVER POWER LLC

32549 GILL RANCH STORAGE LLC

30619 GLADEWATER GATHERING CO.. LP.

32305 GLOBAL ETHANOL

32220 GOLDEN PASS LNG TERMINAL LLC

32512 GOLDEN TRIANGLE STORAGE. INC.

31536 GOLDEN VALLEY ELECTRIC ASSOCIATION. INC

30574 GOLDSTON OIL CORPORATION

32604 GORHAM PAPER AND TISSUE. LLC

32420 GRAMA RIDGE STORAGE AND TRANSPORTATION. LLC

32136 GRANGER ENERGY OF HONEY BROOK. LLC

30850 GREAT LAKES CHEMICAL CORP

6690 GREAT PLAINS NATURAL GAS CO

32315 GREATER MINNESOTA TRANSMISSION. LLC

32381 GREEN PLAINS FAIRMONT LLC-NW GAS CONTRACTED

32566 GREENCORE PIPELINE COMPANY LLC

32682 GREENLEAF C02 SOLUTIONS. LLC

31622 GREENLIGHT GAS INC

6810 GREENWOOD COMMISSION OF PUBLIC WORKS

2651 GREER COMMISSION OF PUBLIC WORKS

31541 GREKA ENERGY

30563 GROVE MUNICIPAL SERVICES AUTHORITY

39128 GUARDIAN INDUSTRIES CORPORATION

26325 GULF COAST ENERGY INC

32055 GULF COAST MINERAL LLC

1021 GULF COAST PIPELINE COMPANY

GT Active 14

GT Active 68

HL Active 9 1

HL.GT Active 8

GT.GG Inactive 4

HL.GT,GG Active 2,002 2 1

HL Active 46 1 2j

GT Inactive 2

HL Inactive 52

GT Inactive 17

GG Active 3

GT Active 20 6 2

GT Active 1

GT.GD Active 3

GT Active 1

GT Active 19

GT Active 32

GG Active 6

GT Active 2

GT Active 70 9 3

GT Active 17 2 1

HL Active 5 12 5

GT Active 3

GT Active 1

GT Active 6

GT.GD Active 13

GT.GG Active 8

GT.GD Active 75 7 3

GT.GD Active 13

GT Active 5

HL Active 235 3

HL.GT Active 41 1

GT.GD Active 94

GT.GD Active 50

GT Active 43

GG Active 13 6 7

GT.GD Active 19

GT Active 3

HL.GG Artive 25

GG Active 35

GG Inactive 2



32299

31629

32323

32365

31619

31565

39006

39041

7020

31439

32255

30788

6243

32477

32447

32455

39263

32260

31344

31057

31862

31083

32565

38999

32111

26372

32110

31690

386

401

1047

38891

39065

38993

32269

38986

7272

32595

38902

39052

31562

GULF CROSSING PIPELINE COMPANY LLC

GULF PIPELINE LLC 

GULF STATES TRANSMISSION CORPORATION

GULFPORT ENERGY CORPORATION 

GULFSHORE MIDSTREAM PIPELINES LTD 

GULFSTREAM MANAGEMENT & OPERATING SERVICES.LLC

HALCON FIELD SERVICES. LLC 

HALL-HOUSTON EXPLORATON II. L.P.

HALLOCK GAS DEPT, VILLAGE OF

HARDEE POWER PARTNERS LTD

HARVEST OIL & GAS, LLC

HAVRE PIPELINE COMPANY

HAWAII GAS 

HAWK GATHERING CO. LTD 

HAWTHORN OIL TRANSPORTATION (NORTH DAKOTA). INC.

HAWTHORN OIL TRANSPORTATION (OKLAHOMA), INC

HAYNESVILLE GATHERING LP

HEARTLAND GAS PIPELINE. LLC

HEARTLAND PIPELINE CO 

HECO - HAWAIIAN ELECTRIC COMPANY. INC. 

HEELENA/WEST HELENA/PHILLIPS COUNTY PORT ATHY.

HELCO-HAWAII ELECTRIC LIGHT COMPANY. INC.

HELIS OIL & GAS COMPANY. LLC.

HEMCO GAS GATHERING. LLC.

HENDERSON GATHERING LLC

HENDERSON PIPELINE CO 

HERMISTON OPERATIONS COMPANY. LLC

HESCO PIPELINE CO. LLC

HESS CORP 

HESS CORPORATION

HESS CORPORATION 

HESS FIRST RESERVE REGULATED PIPELINE

HESS ND 

HG ENERGY. LLC 

HICKORY CREEK GAS GATHERING LP

HIGH ISLAND GAS. LLC 

HIGH ISLAND PIPELINE SYSTEM (AMOCO)

HIGH POINT GAS GATHERING. LLC

HIGH POINT GAS TRANSMISSION. LLC

HIGH SIERRA TRANSPORTATION LLC

HIGHLANDS PIPELINE CO LLC

4GT Active

GG Active

GT Active

HL.GT Active

GG Inactive

GT Active

GT.GG Active

HL.GG Active

GT.GD Active

GT Active

GG Active

GT Active

GT.GO Active

GG Active

HL Active

HL Attive

GT.GG Active

GT Active

HL Inactive

HL Active

GT Inactive

HL Active

HL.GG Active

GG Active

GG Active

GG Inactive

GT Active

GT.GG Inactive

GT Active

HL Active

HL Active

HL Inactive

HL.GG Active

GT.GG Active

GG Inactive

HL.GT Inactive

HL Inactive

GG Active

GT Active

HL Inactive

GG Inactive

12

37

2

4

10

10

9

7

3

3

2

374

4

10

8

107

746

32

1
2

10

2i
71

22

1
4

17
5

26

52

18

4

3

11

3

1
5

0
57

6

32

16

0
67

12

3

51

390

120

422

17

3
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HILAND PARTNERS HOLDINGS LLC

HILCORP ALASKA, LLC

31719

32645

30711

31687

39306

32664

32353

30994

39071

32079

31805

32466

32501

7338

32459

32383

31966

31285

31872

32072

32189

7655

7660

31799

26048

38883

31649

30709

31339

7695

30922

8322

39036

39521

8014

39347

32516

132062 

39383 

8070 

39061

HILCORP ENERGY COMPANY

HILL-LAKE GAS STORAGE, LLC

HILLTOP RESORT GS. LLC

HOCKING GAS CO. LLC

HOLCIM (US) INC. 

HOLLAND. CITY OF - BOARD OF PUBLIC WORKS

HOLLIMON OIL CORPORATION 

HOLLOMAN OPERATING CORPORATION

HOLLY REFINING & MARKETING COMPANY

HOMELAND ENERGY SOLUTIONS LLC

HONDO PIPELINE. INC 

HONEOYE STORAGE CORP

HOOKS GAS PIPELINE. LLC 

HORIZON PRODUCTION AND OPERATING. LLC

HORSESHOE RUN SERVICES LLC

HOUSTON AMMONIA TERMINAL

HUBER PIPELINE CORP. 

HUDSON VALLEY GAS CORPORATION

HUGHES GAS SYSTEM. LLC 

HUMPHREYS COUNTY UTILITV DISTRICT

HUNT CRUDE OIL SUPPLY CO 

HUNT PETROLEUM CORPORATION

HUNT REFINING CO 

HUNT SOUTHLAND REFINING COMPANY

HUNTSMAN CORPORATION 

HUNTSMAN PETROCHEMICAL LLC

HUNTSMAN POLYMERS CORP 

HUTCHINSON UTILITIES COMMISSION

HYPERION ENERGY LP 

I P INVESTMENT HOLDINGS LTD

IACX ENERGY LLC 

IACX GATHERING LLC

IDAHO PIPELINE CORP 

ILLINOIS EXTENSION PIPELINE COMPANY. LLC.

IMPACT MIDSTREAM. LLC

IMTT-PIPELINE

INDECK ENERGY SERVICES OF SILVER SPRINGS

INDIANA GAS CO INC 

INDORAMA VENTURES (OXIDE & GLYCOLS) LLC

HL.GT.GG Active 51 2

HL.GT.GG Active 471 32

GT,GG Active 100 2

HL.GT Active 19

GG Active 2

GG Active 1

GT Active 6

GT Active 9

HL Active 14

GT Inactive 37

HL.GT Active 14

GT Active 9

GG Inactive 1

GT.GG Artive 13 9

GT Active 12

GT Active 4

GG Inartive 21

HL Active 6

GT Active 9

GT Active 4

GG Active 1

GT.GD Active 45

HL Active 219 8

GG Inactive 20

HL Active 47 1

GT Active 3

HL Inactive 4

HL.GT Active 29

HL Inactive 10

GT.GD Active 93

GT Inactive 0

GT Inactive 1

GT Active 0

GT Active 3

HL Active 2 8

HL Active 168 2

GT Active 15

HL Active 10 12

GT Active °
GT.GD Active 631 5

HL Active 3
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39436

38934

INDORAMA VENTURES OLEFINS LLC

INDUSTRIAL DEVELOPMENT AUTHORITY OF CARROLL COUNTY...

8140 INLAND EMPIRE PAPER CO

31463 INNOVENE USA. LLC

32042 INNOVIA FILMS, INC.

876 INTEGRATED SERVICES. INC

32428 INTERCONTINENTAL TERMINAL COMPANY. LLC

8160 INTERMOUNTAIN GAS CO

30659 INTERNATIONAL PAPER COMPANY - ALBANY

8166 INTERSTATE ENERGY COMPANY

31912 INTERSTATE NATURAL GAS COMPANY

8175 INTERSTATE STORAGE & PIPELINE CO

39180 INVENERGY NELSON LLC

31932 INVESTMENT EQUIPMENT COMPANY

32097 IOCHEM CORPORATION

8310 IROQUOIS GAS CORP

8326 ITAWAMBA INDUSTRIAL GAS CO

9012 J-W PIPELINE CO

1042 JCLEO THOMPSON

32395 J.R. SIMPLOT COMPANY

39009 J5 INC.

9045 JACKSON PIPELINE CO

32630 JAG OPERATING LLC

32457 JDP RENEWABLES

9200 JEFFERSON - COCKE CO UTIL DIST

39101 JEFFERSON BLOCK 24 OIL & GAS LLC

878 JEFFERSON GAS. LLC

31226 JEFFERSON ISLAND STORAGE AND HUB LLC

32316 JENKINS BRICK COMPANY

32050 JIL OIL CORP.

32282 JO-CARROLL ENERGY

18199 JOHN H. HAYS

38886 JOHNSTOWN REGIONAL ENERGY

31967 JORDAN DEVELOPMENT COMPANY. LLC.

10031 KLC ENTERPRISES

30910 K 0 TRANSMISSION COMPANY

39114 K. PETROLEUM. INC.

32254 KAHUNA OPERATING. LLC

30718 KAISER-FRANCIS OIL COMPANY

32596 KAISER-FRONTIER MIDSTREAM LLC

31855 KANSAS CITY POWER & LIGHT

HL Active 33

GT,GD Active 0

GT Active 3

HL Inactive 24

GT Active 1

GT Inactive 10

HL Active 3

GT.GD Active 290

GT Active 8

HL.GT Active 88

GT Inactive 1

HL Active 12

GT Active 6

GG Inactive 5

GT Active 1

GT Active 414

GT.GG Active 22

GT.GG Active 45

GT.GG Active 6

GT Active 1

GG Inactive 1

GT Inactive 25

GT.GG Inactive 12

GT Active 2

GT.GD Active 16

HL,GT.GG Active 29

GT.GG Active 62

GT Active 34

GT Inactive 2

GT Inactive 1

GT.GD Active 32

GG Inactive 11

GT Active 15

GG Active 18

GG Inactive 1

GT.GD Active 52

GT.GD Active 0

HL.GT Inactive 19

GG Active 11

GT Active 20

GT Active 3
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10029

3146

31522

32078

10170

30054

31743

844

31586

26054

32674

11713

31668

31841

32620

38947

31727

32437

31269

32529

38917

31894

31092

13702

30930

32086

31982

10346

31929

32498

32539

32243

31212

872

11080

11104

977

11175

32560

31848

11240

KANSAS INDUSTRIAL ENERGY SUPPPLY CO

KARBUHN OIL COMPANY

KBPIPELINE 

KCS RESOURCES, INC, 

KENTUCKY - WEST VIRGINIA GAS CO

KENTUCKY,UTILITIES CO

KEPCO OPERATING, INC. 

KERN RIVER GAS TRANSMISSION CO 

KE.RR-MCGEE GATHERING LLC

KEY WjST. PIPELINE CO

KEYROCK ENERGY, LLC 

KEYSPAN ENERGY DELIVERY - LONG ISLAND

KEYSTONE GAS CORP 

KIAWAH RESOURCES LLC

KILLAM OIL CO.. LTD 

KINDER MORGAN ALTAMONT LLC 

KINDER MORGAN KEYSTONE GAS STORAGE. LLC

KINDER MORGAN LOUISIANA PIPELINE LLC

KINDER MORGAN NORTH TEXAS PIPELINE

KINDERHAWK FIELD SERVICES LLC 

KING-MURRAY OPERATING COMPANY LLC

KISSIMMEE UTILITY AUTHORITY

KM FEEDERS. LLC

KMI CASPER 

KNG ENERGY INC

KNOX ENERGY COOPERATIVE ASSOCIATION. INC. C/O UTILITY-

kqch_f_ertiuzerallc,

KUPARUK TRANSPORTATION CO

LE. JONES OPERATING INC. 

L.O.G. ENERGY EXPLORATION. LTD-

LA CROSSE COUNTY

LA STORAGE. LLC 

LAFAYETTE UTILITIES SYSTEMS

LAFITTE GAS PIPELINE 

LAGRANGE GAS DEPT. CITY OF 

LAKELAND. CITY OF (EX. LAKELAND UTILITIES. CITY OF

LAKIN, CITY OF 

LAMAR UTILITIES BOARD. CITY OF

LAMB WESTON/BSW 

LANDFILL GAS PRODUCTION LLC

LAS CRUCES. CITY OF

GG

Active

Active

17

1

GT Active 19

GG Inactive 1

GT Inactive 121

GT Active 11

GG Inactive 2

GT Active 1,417

HL,GT,GG Inactive 88

HI Active 7

GT.GG Active 11

GT,GD Active 136

GG Active 5

GG Inactive 6

GG Active 8

GG Active 2

GT Active 12

GT Active 136

GT Active 82

GG Active 25

GT Active 2

GT Active 7

GT.GD Active 3
GT Inactive 784

GT,GD Attive 12

GG.GD Active 23

HL,GT Active 5

HL Active 37

GG Active 2

GG Inactive 3

GT Active 2

GT Active 23
GT Active 10

GT Active 12

GT,GD Active 52

GT Active 9

GT Active 1

GT.GG Active 70

GT Active 4

GT Inactive 5

GT.GD Active 20
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11248 LAS VEGAS NATURAL GAS SYSTEM

32524 lasalle.pipe.unllp

32550 LASER NORTHEAST GATHERING COMPANY. LLC

11251 LAUREL FUEL CO

978 LAWRENCE PAPER CO

32095 L.BC HOySTONAP:

32245 LDH ENERGY HASTINGS LLC

32452 LEAF RIVER ENERGY CENTER LLC

30786 LEE 8 STORAGE PARTNERSHIP

11360 LEFORS GAS DEPT. CITY OF

38919 LEGACY RESERVES OPERATING LP

32542 LEGADO PERMIAN. LLC

32417 LEGEND GATHERING LLC

32337 LEGEND NATRUAL GAS III. LP

32218 LEGEND NATURAL GAS II. LP

32413 LEGEND NATURAL GAS IV. LP

32650 LEMM CORPORATION - OPERATIONS

11384 LENOX MUNICIPAL GAS SYSTEM

32528 LGS RENEWABLES 1. LC

38967 LIBERTY ENERGY (GEORGIA) CORP D/B/A LIBERTY UTILITIES...

32582 LIBERTY PIPELINE GROUP. LLC

38906 LIBERTY UTILITIES (MIDSTATES NATURAL GAS) CORP. D/B/A...

32273 LIG GAS COMPANY. LLC

38915 LINC GULF COAST PETROLEUM. INC

32359 LINCOLN ELECTRIC SYSTEM

32280 LINCOLN GENERATING FACILITY LLC

31391 LINDE GAS NORTH AMERICA. LLC

11525 LINDSEY & ELLIOTT

32388 LINN OPERATING. INC

31806 LINN WESTERN OPERATING. INC

39475 LION ELASTOMERS LLC.

32300 LITTLE SIOUX CORN PROCESSORS. LLLP

1035 LIVE OAK RESERVES. INC

31063 LKL GATHERING INC

11613 LLOG EXPLORATION CO

31735 LOBO PIPELINE LP

32570 LOCKHART POWER COMPANY

11630 LOCUST RIDGE GAS CO

31697 LODI GAS STORAGE. LLC

11730 LONGHORN PIPELINE CO

11760 LORIMOR MUNICIPAL GAS SYSTEM

GT.GD Active 50

GT Active 53

GG Inactive 43

GT Active 77

GT Active 1

HL Active 7

HL Inactive 36

GT Active 75

GT Active 12

GT.GD Active 2

HL,GT Active 45

HL Inactive 3

GG Active 4

GG Active 6

GG Active 4

GG Active 18

HL Active 9

GT.GD Active 20

GT Active 33

GT.GD Active 67

HL Inactive 87

GT.GD Active 227

GT.GG Active 5

HL Active 25

GT Active 9

GT Active 5

GT Active 33

GG Active 100

HL.GT.GG Active 43

HL.GG Active 8

GT Active 1

GT Active 1

GG Inactive 8

GT Inactive 1

GG Inactive 4

GT.GG Inactive 43

GT Active 6

GG Inactive 31

GT Active 45

GT Inactive 1

GT.GD Active 4

7

3

1

4 2

1
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32402 LOUIS DR

39015 

31516 

31813 

31044 

39305 

31384 

32464 

32514 

32643 

32303 

11885 

39035 

31490 

32297 

31917 

38929 

31259 

12264 

12059 

12270 

31501 

32367 

32486 

39003 

32638 

32240 

38912 

31579 

32352 

30065 

32624 

39424 

31913 

30969 

31487 

7237 

12057 

12102 

31934 

32002

EYFUS COMMODITIES GRAND JUNCTION 

LOUISIANA ENERGY CONSULTANTS. INC.

LOUISIANA GENERATING. LLC 

LOUISVILLE FIRE BRICK WORKS INC 

LOWER VALLEY POWER & UGHT INC. 

LPC CRUDE OIL MARKETING LLC 

LSP ENERGY LP 

LSP UNIVERSITY PARK LLC 

LT GATHERING. LLC 

LT PIPELINE. INC. 

LUBBOCK GAS GATHERING. LTD. LLP 

LUBBOCK POWER &UGHI 

LUCID ENERGY WESTEX, LLC 

LUMEN ENERGY CORP 

LUMEN MIDSTREAM PARTNERSHIP. LLC 

LYNCHBURG GAS PRODUCERS. LLC

LYNX OPERATING CO.. INC. 

LYONDELL CHEMICAL WORLDWIDE INC

MGTCINC 

M H M PIPELINE CO INC

MIGCINC 

M-R VENTURES. LLC

M2 FAIRPLAY. LLC 

M2 LOUISIANA GAS SERVICE. LLC

MB APPALACHIA GATHERING. LLC

MACPHERSON OIL COMPANY

MADILL GAS PROCESSING 

MAGELLAN E&P HOLDINGS. INC 

MAGELLAN PIPELINES HOLDINGS. LP

MAGNOLIA GAS GATHERING. LLC

MAGNUM GAS PIPELINE. INC. 

MAGNUM HUNTER PRODUCTION INC

MAGNUM OPERATING. LLC

MAIN ENERGY. INC. 

MAIN PASS OIL GATHERING SYSTEM

MAINE NATURAL GAS 

MALARKEY ROOFING PRODUCTS

MALLARD PIPELINE CO 

MANNING NATURAL GAS DEPT

MANSFIELD PIPELINE. LLC 

MAP PRODUCTION COMPANY. INC.

GT Active 9

GG Active 4

GT Active 19

GT Inactive 1

GT,GD Active 65

HL Active 9

GT Inactive 15

GT Active 1

GG Active 194

HL Active 5

GG Inactive 3

GT Active 6

GT Active 17

GT.GG Inactive 2

HL,GT Active 34

GT Inactive 1

GT Active 11

GT Inactive 2

GT.GD Inactive 250

GG Active 2

GT Inactive 264

GT.GG Active 3

GG Inactive 26

GT.GG Inactive 7

GG Active 13

GT Active 7

GG Active 2

GG Active 5

HL Active 174

GG Active 6

GG Active 12

GT.GG Active 35

HL.GG Active 16

GT Inactive 23

HL Inactive 97

GT.GD Active 2

GT Active 2

GT Inactive 5

GT.GD Active 10

GG Active 1

GT.GG Inactive 3
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•
38897

12125

30845

32138

30954

31335

MARABOU SUPERIOR PIPELINE

MARATHON OIL COMPANY

MARATHON OIL COMPANY

MARDI GRAS PIPELINE. LLC

MARINER ENERGY. INC

MARITIMES & NORTHEAST PIPELINE. LLC. (SPECTRA ENERGY...

402 MARKWEST EAST TEXAS PNG UTILITY. LLC

26026 MARKWEST RANGER PIPELINE COMPANY. LLC.

32131 MARLIN MIDSTREAM. LLC

32164 MARSHALL MUNICIPAL UTILITIES

32482 MARSHFIELD UTILITIES

32377 MARYSVILLE HYDROCARBONS

31748 MASSACHUSETTS WHOLESALE ELECTRIC CO

39232 MATADOR PRODUCTION COMPANY

39313 MAVERICK TERMINAL THREE RIVERS. LLC

31049 MCCHORD PIPELINE CO.

32599 MCLEAN GAS PROCESSING. LLC

31374 MCLEOD GAS GATHERING & PROCESSING CO

12303 MCMORAN OIL & GAS CO

31767 MCNIC MICHIGAN HOLDINGS INC

39130 MCP OPERATING LLC

39051 MCR TRANSMISSION. LLC

31899 MEADWESTVACO CORPORATION TEXAS. LP

39179 MEMORIAL PRODUCTION OPERATIONS. LLC

12342 MEMPHIS LIGHT GAS & WATER DIVISION

31428 MERIT ENERGY COMPANY

31875 MERIT ENERGY COMPANY

31106 MERRION OIL AND GAS

12395 METRO GAS CO

12390 METROPOLITAN UTILITIES DISTRICT

12410 MICHIGAN GAS CO

12420 MICHIGAN GAS UTILITIES CO

32281 MICHIGAN PIPELINE AND PROCESSING LLC

31581 MID LOUISIANA GAS TRANSMISSION. LLC

32342 MID MISSOURI ENERGY

32363 MID-CONTINENT MARKET CENTER

39019 MID-KANSAS ELECTRIC COMPANY

39177 MID-SET COGENERATION COMPANY

38937 MIDCOAST OPERATING. LP.

12455 MIDLAND COGENERATION VENTURE

997 MIDWAY SUNSET COGENERATION CO

GT Active 15

GT,GG Inactive 6 12

GT,GG Inactive 15

GT Inactive 23 4

HL.GG Inactive 19 1

GT Active 346 12

HL.GG Active 64

HL Active 140 11

HL.GT.GG Active 22

GT Active 23

GT Active 2

HL Inactive 6

GT Active 6

GG Active 2

HL Active 2

HL Active 14

HL Active 21

GG Inactive 7I
HL.GT Active 23

GT Active 103

GT.GG Active 365

GT Inactive 7

GT Inactive 9

HL Active 20 1

GT.GD Active 184

HL.GG Inactive 21 6

HL.GG Active 345 3

GG Active 7

GG Inactive 2

GT.GO Active 1

GT.GD Inactive 7

GT.GD Active 127

GT.GG Inactive 58

GT Active 54

GT Active 13

GT Active 196 1

GT Active 0

GT Active 2

HL Active 117

GT Active 30

GT Active 4 5
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12479 MIDWEST ENERGY INC

30022 MIDWEST GAS STORAGE. INC.

30059 MIDWEST GRAIN PIPELINE. INC.

32321 MILAGRO EXPLORATION. LLC

32581 MILWAUKEE METROPOLITAN SEWERAGE DISTRICT

39031 MINARD RUN OIL CO.

32198 MINNESOTA ENERGY RESOURCES CORPORATION

32446 MINNESOTA INTRASTATE PIPELINE COMPANY

32423 MINNESOTA POWER

39396 MINNESOTA POWER LASKIN ENERGY CENTER

32026 MINNESOTA SOYBEAN PROCESSORS

38922 Ml PC LLC

32105 MIRANT BOWLINE. LLC

31520 MISSION NATURAL GAS

31519 MISSION PIPELINE CO

32132 MISSION VALLEY PIPELINE

32504 MISSISSIPPI HUB. LLC

31746 MISSOURI INTERSTATE GAS LLC

12601 MISSOURI PIPELINE CO

32415 MISTLETOE PIPELINE. LLC

39255 MK MIDSTREAM HOLDINGS. LLC

32183 MOAB PIPELINE. LLC

25160 MOBIL VANDERBILT-BEAUMONT PIPELINE CO

12642 MOBILE GAS SERVICE CORP

32362 MOCKINGBIRD PIPELINE. LP

31167 MOEM PIPELINE LLC

31486 MOGAS PIPELINE LLC

39351 MONARCH OIL PIPELINE. LLC

32374 MONROE GAS STORAGE COMPANY. LLC

12672 MONROE NATURAL GAS DEPT. CITY OF

32023 MONTGOMERY GAS TRANSMISSION. INC.

30944 MONUMENT CHEMICAL KENTUCKY. LLC

32231 MONUMENT PIPELINE. LP

12794 MORNING SUN MUNICIPAL GAS SYSTEM

31430 MORTIMER PRODUCTION COMPANY

31251 MORTON INTERNATIONAL INC. - SALT DIVISION

12817 MOSS BLUFF HUB. LLC (SPECTRA ENERGY PARTNERS. LP)

39342 MOTIVA DISTRIBUTION

12823 MOULTON MUNICIPAL GAS SYSTEM

15844 MOUNTAIN GAS RESOURCES INC.

38898 MOUNTAIN GATHERING. LLC

GT.GD Active 59

GT Inactive 14

GT Inactive 20

GG Inactive 6

GT Active 19

GT.GG Active SI

GT,GD Active 26

GT Active 31

GT Active 1

GT Active 1

GT Active 7

HL Active 50 4

GT Active
l|

GT Active 1

GT Inactive 22

GT Active 1

GT Active 39 5

GT Inactive 7 1

GT Inactive 145

GT Inactive 12

GT.GG Active 7

GT,GD Active 4

GT Active 6 1

GT,GD Active 46 1

GG Inactive 39

HL Active 56 6

GT Active 267 8

HL Active 52 1

GT Active 27 5

GT.GD Active 43

GT Active 6

GT Active 58

GT.GG Active 157

GT.GD Active 3

GG Active 3

GT.GD Active 3

GT Active 23 2

HL Active 1

GT.GD Active 5

HL.GT Inactive 69

GG Active 42
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12894 MOUNTAINAIR. TOWN OF

12878 MOUNTAINEER GAS CO

25170 MOUNTAINEER GAS SERVICES

14071 MURPHY EXPLORATION & PROD CO

39093 MUSKEGON DEVELOPMENT COMPANY

12930 MUSTANG GAS PRODUCTS LLC

32019 MUSTANG ISLAND GATHERING. LLC

26302 MUSTANG PIPELINE CO

31898 MV PIPELINE COMPANY

31247 N G TRANSMISSION

32642 NAFTEX OPERATING COMPANY

13041 NASHVILLE GAS CO

13061 NATIONAL FUEL GAS DISTRIBUTION CORP

13062 NATIONAL FUEL GAS DISTRIBUTION CORP - NEW YORK

13302 NATIONAL GAS & OIL CORP

31110 NATIONAL SERV ALL

30772 NATURAL GAS OF KENTUCKY. INC.

13161 NAVAJO PIPELINE CO

13162 NAVAJO REFINING CO

38949 NAVARRO MIDSTREAM SERVICES. LLC.

32333 NAVASOTA ODESSA ENERGY PARTNERS. L.P.

32349 NAVASOTA WHARTON ENERGY PARTNERS. LP

39039 NAVIDAD RESOURCES LLC

39443 NAVITAS MDSTR MIDLAND BASIN. LLC

39268 NAVITAS PIPELINE TEXAS. LLC

38900 NC MUNICIPAL GAS. LLC

13180 NEBRASKA CITY UTILITIES

32081 NEBRASKA PUBLIC POWER DISTRICT

32422 NEPTUNE LNG. LLC

39033 NESSON GATHERING SYSTEM. LLC

39223 NET MEXICO PIPELINE PARTNERS. LLC

31518 NETCO PIPELINE LLC

30716 NEUMIN PRODUCTION CO.

32137 NEW CENTURY EXPLORATION

31931 NEW DOMINION. LLC.

4604 NEW MEXICO NATURAL GAS. INC.

13331 NEW WASKOM GAS GATHERING INC

13420 NEW YORK STATE ELECTRIC & GAS CORP

13440 NEWELLTON. TOWN OF - ST JOSEPH JOINT LINE

861 NEWFIELD EXPLORATION COMPANY

30052 NEWMONT GOLD COMPANY

'jK>

GT.GD Active 14

GG.GD Active 16

GG.GD Inactive 14

GG Inactive 13

GG Active 2

GT.GG Active 42

GG Inactive 20

HL Active 89

GT Active 9

GT Active 110

GT Active 5

GT.GD Inactive 81

GT.GD Active 66

GT.GG,GD Active 65

GT.GG,GD Active 20

GT.GD Inactive 3

GT Active 31

HL Inactive 40

HL Inactive 47

GG Active 3

GT Active 2

GT Active 1

GG Inactive 2

GT.GG Active 32

GT Active 9

GT.GG Inactive 3

GT.GD Active 55

GT Active 3

GT Active 13

GG Active 2

GT Active 138

GG Inactive 27

HL.GG Active 32
GG Inactive 1

GG Active 2

GT Inactive 9

GG Inactive 9

GT.GD Active 20

GT.GD Active 9

GT Inactive 10

GT Active 28

7

6 5
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•
32553 NEWTON COUNTY LANDFILL PARTNERSHIP

39087 NFG MIDSTREAM CLERMONT. LLC

32506 NFG MIDSTREAM COVINGTON. LLC

32672 NFG MIDSTREAM TROUT RUN. LLC

39185 NGG GAS GATHERING COMPANY. LLC

31914 NGL SUPPLY TERMINAL COMPANY LLC

32034 NGO TRANSMISSION. INC.

22515 NIPPON DYNAWAVE PACKAGING COMPANY

30787 NIPPON OIL EXPLORATION USA LIMITED

31755 NOBLE MIDSTREAM SERVICES. LLC

31699 NORFOLK SOUTHERN RAILWAY-BROSNAN YARD PIPELINE

31896 NORSTAR PIPELINE COMPANY. INC.

32302 NORTH ALBANY TERMINAL COMPANY. LLC

31891 NORTH BAJA PIPELINE LLC

12585 NORTH CENTRAL OIL CORP

32043 NORTH COAST GAS TRANSMISSION. LLC

30679 NORTH COUNTRY GAS PIPELINE

32571 NORTH PLATTE LIVESTOCK FEEDERS. LLC

13656 NORTH RIDGE CORP

13660 NORTH SHORE GAS CO

31142 NORTH SLOPE BOROUGH ENERGY MANAGEMENT

32669 NORTHEAST NATURAL ENERGY LLC

13635 NORTHEAST OHIO NATURAL GAS CORP

13630 NORTHEAST OKLAHOMA PUBLIC FACILITIES AUTH

32308 NORTHERN CALIFORNIA POWER AGENCY

31054 NORTHERN ECLIPSE

13730 NORTHERN INDIANA PUBLIC SERVICE CO

13725 NORTHERN INDUSTRIAL ENERGY DEVELOPMENT INC

13707 NORTHERN MINNESOTA UTILITIES

31636 NORTHERN STATES POWER CO OF MINNESOTA

13783 NORTHERN STATES POWER CO OF WISCONSIN

13795 NORTHERN UTILITIES INC (ME)

13800 NORTHERN UTILITIES. INC. (NH)

32012 NORTHSTAR GOM. LLC

39189 NORTHSTAR OFFSHORE GROUP. LLC

32120 NORTHVILLE INDUSTRIES CORP.

39370 NORTHWEST GAS PROCESSING. LLC

31632 NORTHWESTERN CORPORATION

32215 NOVA CHEMICALS (CANADA) LTD.

38966 NOVA CHEMICALS INC.

39027 NRG ENERGY SERVICES

GT.GD Active 1

GT Active 11

GT Active 8 2

GT Active 21

GG Active 13

HL Active 5 7 2

GT Active 170

GT Active 9

HL.GT Inactive 45 5 4

HL.GT.GG Active 46 71 5

HL Inactive 6 3 5

GT Active 2 1

HL Inactive 0

GT Active 86 15 5

GG Inactive 12

GT Active 261

GT Active 22

GT Active 5

GG Inactive 1

GT.GD Active 98

GT.GD Active 20 19 11

GG Active 2

GT.GD Active 9

GT.GD Active 15

GT Active 1 6

GT Inactive 1

GT.GD Active 665

GG.GD Active 5

GT.GD Inactive 37

HL.GT,GD Active 98

GT.GD Active 3

GT.GD Active 31

GT.GD Artive 0

GT Inactive 2

HL.GT Active 11

HL Active 37

HL.GG Active 22

GT.GD Active 2,154

HL Active 11 9 3

HL Active 127 6

GT Active 6 1 1
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32522 NRG OSWEGO HARBOR POWER

32391 NRG TEXAS POWER LLC

2652 NSTAR GAS COMPANY

38925 NUCOR STEEL KINGMAN. LLC

39468 NUENERGY OPERATING. INC.

31268 NUSTAR JOINT VENTURE

18308 NV ENERGY

30951 0.1. AUBURN. INC. C/O DUFCO

31196 OAKHILL PIPELINE

38968 OASIS PETROLEUM NORTH AMERICA

30544 OCCIDENTAL CHEMICAL CORP

31502 OCCIDENTAL PERMIAN LTD

39073 OCI BEAUMONT LLC

31569 ODESSA - ECTOR POWER PARTNERS LP

31849 OGLETHORPE POWER CORPORATION

32439 OGP OPERATING. INC.

14180 OHIO VALLEY GAS CORP

31784 OHIO VALLEY HUB LLC

32162 OHM OPERATING

39088 OIL ENERGY CORP.

32386 OILTANKING BEAUMONT PARTNERS LP.

14200 OKALOOSA COUNTY GAS DISTRICT

32129 OKLAHOMA GAS PROCESSING

30630 OKTEX PIPELINE COMPANY. LLC

32204 OLD RIVER PIPELINE. LLC.

31341 OLIKTOK PIPELINE COMPANY

39276 OLIN CORPORATION

31920 OMIMEX CANADA. LTD.

848 OMIMEX ENERGY. INC

31533 ONEOK GAS GATHERING. LLC

31582 ONEOK ROCKIES MIDSTREAM. LLC

31534 ONEOK TEXAS GAS STORAGE. LLC

30575 ONEOK TRANSMISSION COMPANY

39174 ONEOK WESTERN TRAIL PIPELINE

31830 ONYX NATURAL GAS. LC.

31765 OPTIGAS INC

14330 ORANGE & ROCKLAND UTILITY INC

38972 ORANGE COUNTY SANITATION DISTRICT

14356 ORBIT GAS TRANSMISSION. INC.

31390 OREGON STEEL MILLS

32578 ORIGIN MINING COMPANY. LLC.

HL Active 4

GT Active 1
GT.GD Active 1

GT Active 2
GG Active 1
HL Inactive 52

GT.GD Active 8
GG.GD Inactive 35

GT.GG Inactive 78

GG Active 3

HL.GT Active 45

HL.GT Active 66
HL Active 5

GT Active 10
HL.GT Active 7

GT.GG Inactive 138

GT.GD Active 57

GT Active 13

GG Inactive 2l

GG Active 7(

HL Inactive 14

GT.GD Active 139

HL Active 11
GT Active 116

GT Inactive 9

HL.GT Active 56

GT Active 1
GT Active 16

GG Inactive 57

GG Inactive 3

HL.GT Active 193

GT Active 11
GT.GD Active 97

GT Active 139

GG Inactive 13

GT.GG Inactive 9

GT.GD Active 1
GT Active 4

GT.GG Active 19

GT Active 1
GT Active 24
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14391

31450

31651

14410

32259

32277

38889

31219

14435

31381

31890

38935

39049

31695

31295

32494

15036

32338

31511

31434

31995

39060

39272

32326

32679

32331

32548

38930

32134

32557

31215

15444

32041

32472

32286

15462

32485

31255

31453

15208

32376

OSAGE PIPE LINE COMPANY. LLC 

OSBORN. W B OIL & GAS OPERATIONS

OSPREY PETROLEUM CO INC

OWATONNA PUBLIC UTILITIES

OWENS-ILLINOIS 

OXEA CORPORATION 

OXY USA INC - SOUTH TEXAS 

OZARK GAS GATHERING. LLC. (SPECTRA ENERGY PARTNERS.- 

OZARK GAS TRANSMISSION. LLC. (SPECTRA ENERGY...

OZONA RESIDUE SYSTEM CO 

P B ENERGY STORAGE SERVICES INC.

PACER ENERGY TERMINALS. LLC

PACIFIC ENERGY & MINING CO 

PACIFIC MARKETING AND TRANSPORTATION LLC

PACIFIC OPERATORS OFFSHORE

PADUCAH POWER SYSTEM

PAISANO TRANSMISSION CO

PAL ENERGY. LLC 

PALADIN ENERGY PARTNERS LLC

PALMER PETROLEUM INC 

PANTHER INTERSTATE PIPELINE ENERGY. LLC

PANTHER PIPELINE. LLC 

PARADIGM MIDSTREAM SERVICES - ND. LLC

PARKWAY LLC 

PARKWAY PIPELINE LLC 

PASADENA REFINING SYSTEM. INC.

PATARA OIL & GAS LLC 

PATOKA TERMINAL COMPANY. LLC

PATRIOTS ENERGY GROUP 

PAULSBORO NATURAL GAS PIPELINE COMPANY. LLC

PCS NITROGEN FERTILIZER LP

PDC MOUNTAINEER, LLC

PEAK GAS GATHERING LP. 

PECAN PIPELINE (NORTH DAKOTA). INC.

PECAN PIPELINE COMPANY

PECO ENERGY CO 

PECOS PIPELINE LLC 

PEDESTAL OIL COMPANY. INC

PEI POWER CORP 

PELICAN RESERVE PIPELINE CO

PELICAN TRANSMISSION. LLC

HL Active 136

GG Active 3

GG Inactive 5

GT.GD Active 5

GT Active 1

HL Active 51

GT.GG Active 40

GT.GG Active 1

GT Active 367

GT Inactive 6

HL.GT Active 161

HL Active 1

GT Active 21

HL Inactive 72

HL.GT Active 12

GT Active 16

GG Inactive 5

GT Active 8

GT Inactive 11

HL Active 9

GG Active 48

GT.GG Active 51

HL Active 24

GT Inactive 58

HL Active 140

HL Active 16

GT,GG Inactive 4

HL Active 0

GT.GD Active 59

GT Active 3

HL.GT Inactive 4

GT Inactive 6

GG Inactive 1

GT Inactive 76

GT.GG Active 9

GT.GD Active 30

GG Active 20

GG Active 4

GT Inactive 24

GT.GG Active 3

GT Inactive 5
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31738 PENN VIRGINIA OIL AND GAS CORPORATION

38951 PENNSYLVANIA GENERAL ENERGY COMPANY. LLC

39173 PENNTEX MIDSTREAM PARTNERS. LLC

39432 PENNTEX PERMIAN. LLC

32284 PENNZOIL-QUAKER STATE D/B/A SOPUS PRODUCTS

15476 PEOPLES TWP LLC

32160 PEREGRINE PIPELINE. LP.

31922 PERRYVILLE ENERGY PARTNERS

38901 PERRYVILLE GAS STORAGE. LLC

39119 PETRO QUEST ENERGY. LLC

30848 PETRO-CHEM OPERATING CO.

31135 PETRO-DIAMOND TERMINAL COMPANY

30868 PETRO-HUNT CORPORATION

32108 PETROHAWK OPERATING COMPANY

15454 PETROLEUM FUELS CO

32652 PETROSANTANDER (USA) INC.

39070 PGP OPERATING. LLC

32499 PGPIPELINE. LLC.

31156 PGPL, LC

38964 PHILADELPHIA ENERGY SOLUTIONS REFINING AND MARKETING....

15469 PHILADELPHIA GAS WORKS

32135 PHILLIPS 66 COMPANY - LOS ANGELES REFINERY

30952 PHILLIPS UTILITY GAS CORPORATION

905 PHOENIX HYDROCARBONS OPERATING CORP

32039 PIMALCO GAS

15589 PINE PIPELINE INC

967 PINEDALE NATURAL GAS. INC

31902 PINNACLE GAS PRODUCERS. LLC

31165 PINNACLE GAS TREATING. INC.

31832 PINNACLE WEST ENERGY

32301 PIONEER AMERICAS LLC DOING BUSINESS AS OLIN CHLOR...

15602 PIONEER NATURAL RESOURCES

31164 PIONEER NATURAL RESOURCES. USA. INC.

31811 PIPELINE OPERATORS OF TEXAS. LLC

31721 PIPELINE TECHNOLOGY

15645 PLACID PIPELINE COMPANY LLC

15652 PLAINS. CITY OF

32390 PLATINUM ETHANOL. LLC

31646 PLATTE RIVER POWER AUTHORITY

32373 PLYMOUTH ENERGY. LLC

32290 POET BIOREFINING-JEWELL

GG Active 14

GG Active 71

HL.GT.GG Active 59

GT Active 1

HL Active 12

GT.GD Active 10

GT.GG Active 48

GT Inactive 1

GT Active 15

HL.GG Active 10

GG Inactive 3

HL Active 1

GG Inactive 5

GG Inactive 1

GT.GG Active 101

HL Active 14

GT.GG Active 10

GT Active 8

GT Inactive 1

HL Active 17

GT.GD Active 2

HL Active 13

GT Active 5

GG Inactive 4

GT Active 0

GT Active 17

GT.GD Active 7

GG.GD Active 1

GT.GG Inactive 22

GT Inactive 1

GT Active 6

GT Active 7

GT.GG Inactive 32

GT Inactive 13

HL Active 28

HL.GT Active 11

GT.GD Active 9

GT Inactive 22

GT Active 16

GT Active 8

GT Active 10
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31612 POGO PRODUCING CO

31257 PONDEROSA GATHERING. LLC

15790 PONTCHARTRAIN NATURAL GAS SYSTEM

32140 PORT WESTWARD POWER PLANT

31145 PORTLAND NATURAL GAS TRANSMISSION SYSTEM

31963 POTATO HILLS GAS GATHERING SYSTEM

39239 POWDER RIVER OPERATING. LLC

38958 PPG. LLC

15815 PRAIRIE PIPELINE CO

38908 PRAIRIELAND PIPELINE. LLC

31742 PREMCOR PIPELINE COMPANY

32656 PREMIER NATURAL RESOURCES II. LLC

32123 PRINCE GEORGES COUNTY GOVERNMENT

1045 PRINCESS THREE CORPORATION

31869 PRISM GAS SYSTEMS 1. LP.

39106 PROGRESS SOLUTIONS LLC

38923 PROSPECTOR PIPELINE COMPANY

31411 PROVIDENCE PARTNERS LLC

15900 PRUET PRODUCTION CO

38936 PSI MIDSTREAM. LLC

15952 PUBLIC SERVICE ELECTRIC & GAS CO

22189 PUGET SOUND ENERGY

32534 PULSE ENERGY SYSTEMS. LLC

31208 PVR CHEROKEE GAS PROCESSING LLC

31585 PVR GAS GATHERING. LLC

31209 PVR GAS PROCESSING LLC

2756 PVR HAMLIN. LP.

32004 QEP FIELD SERVICES COMPANY

32003 QEP MARKETING COMPANY

32309 QUALITY NATURAL GAS. LLC

32527 R. LACY SERVICES. LTD

39499 RANGER GAS GATHERING. LLC

17090 RATON GAS TRANSMISSION CO

32340 RAYWOOD GAS PLANT. LLC

32292 RED CEDAR GATHERING COMPANY

39437 RED GATE PIPELINE. LP

39001 REEF EXPLORATION. LP

32219 REEF INTERNATIONAL LLC

32355 REGENCY LIQUIDS PIPELINE LLC

39316 RENAISSANCE. OjF.SHORjL LLC

31769 RENAISSANCE PIPELINE COMPANY

GG Inactive 10

GG Active 1

GT Active 2

GT Active °

GT Active 188 11

GT Inactive 11

HL Active 60 1

GG Active 12

GG Active 7

GT Active 9

HL Inactive 248 4

GT.GG Inactive 42

GT.GD Active 2

GG Inactive 2

HL.GG Inactive 53

HL Active 38 3

GT Active 27

GG Inactive 35

GG Inactive 21

GG Active

GT,GD Active 62 1

GT.GD Active 27 17

GT Active 0

GG Inactive 4

GT.GG Inactive 31

GT Inactive S3

GT Inactive 1

HL.GT.GG Inactive 133 19

GT Active 18 6

GG Active 8 1

GG Active 1

GG Active 2

GT Active 23 8

HL.GT.GG Inactive 26

GT.GG Active 21

GT Active 26

GG Inartive 1

GT Inactive 8

HL Inactive 40

HL.GG Active 32 5
GT Inactive 9
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32681

31800

32141

39265

39448

17325

39211

17360

14225

31551

39081

39207

17540

31838

17570

32440

32628

17681

32203

31108

31656

32671

32661

32451

18012

31250

30749

32617

39048

32125

31528

30963

32675

30056

32272

31961

31491

31471

38942

31768

21359

RENEWCO-MEADOW BRANCH. LLC

RENOVAR ENERGY CORP 

RESOLUTE NATURAL RESOURCES COMPANY

RICE OLYMPUS MIDSTREAM LLC

RICE POSEIDON MIDSTREAM LLC

RICHARDSON FUELS INC 

RICHLAND STRYKER GENERATION. LLC

RICHMOND. CITY OF 

RINGWOOD GATHERING CO 

RIO VISTA ENERGY PARTNERS. LP 

RIVERSIDE GENERATING COMPANY. LLC

RIVERSIDE PETROLEUM INDIANA

ROANOKE GAS CO 

ROBIN OF PERRYTON, CORPORATION

ROCHESTER GAS & ELECTRIC CORP

ROCKFORD CORPORATION 

ROOSTH PRODUCTION COMPANY

ROSEBURG FOREST PRODUCTS CO

ROSETTA RESOURCES 

ROYAL PRODUCTION CO.. INC.

RUTHERFORD OIL CORP

RW GATHERING. LLC 

RYCKMAN CREEK RESOURCES. LLC

SABINE OIL & GAS LLC

SABINE PIPELINE LLC 

SABINE VALLEY PIPELINE. INC 

SACRAMENTO MUNICIPAL UTILITY DISTRICT

SADDLE BUTTE PIPELINE. LLC

SAGA PETROLEUM. LLC 

SALMON RESOURCES LTD-

SALT PLAINS STORAGE INC 

SALTVILLE GAS STORAGE COMPANY. LLC. (SPECTRA ENERGY...

SAMSON EXPLORATION. LLC 

SAMSON RESOURCES COMPANY 

SAN ANTONIO PIPELINE CORPORATION

SAN FELIPE PIPELINE LP.

SANCHEZ OIL & GAS CORP

SANDRIDGE C02. LLC 

SANDRIDGE ONSHORE. LLC 

SANTEE COOPER - RAINEY GENERATING STATION

SASOL CHEMICALS USA LLC

GT Active 9

GT Active 28

HL,GT Active 35 5

GG Active 3

GG Active 25

HL.GT.GG Inactive 82 3

GT Active 0

GT.GD Active 0 40

GT Active 8

HL Inactive 33 1

GT Active 9

GG Active 0

GT.GD Active 66

GG Inactive 1

GT.GD Active 105

GT.GD Inactive 14

GG Inactive 2

GT.GD Active 3

GT.GG Inactive 11 4

GG Active 4

GG Active 4

GG Active 3

GT Active 9 3

GG Active 8

GT Active 132 4

GG Inactive 1

GT Active 76 12

HL Inactive 17

GT Inactive 17

HL Inactive 6 3

GT Active 22

GT Active 32 5

GG Active 1

GG Active 5

HL Active 14

GG Inactive 109

GT Active 3

HL Active 159

HL.GG Inactive 9

GT Active 3 7

HL.GT Active 20
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31987 SCEPTER GREENEVILLE, INC

31472 SCISSORTAIL ENERGY LLC

39317 SCOUT ENERGY MANAGEMENT LLC

32623 SEACOAST GAS TRANSMISSION. LLC

39004 SEADRIFT COKE LP

31068 SEAL BEACH GAS PROCESSING VENTURE

929 SEBRING GAS SYSTEM. INC

30585 SELKIRK COGEN PROJECT

39116 SEM OPERATING COMPANY. LLC

18472 SEMCO ENERGY GAS COMPANY

18473 SEMCO PIPELINE CO

32166 SEMGAS. LP.

38955 SENECA LANDFILL

32378 SENECA POWER PARTNERS. LP.

18201 SENECA RESOURCES CORP

38905 SENECA RESOURCES EAST DIVISION

38916 SG INTERESTS

32375 SG RESOURCES MISSISSIPPI. LLC

31999 SHELBY COUNTY ENERGY CENTER. LLC

18275 SHELL CHEMICAL CO

30765 SHELL OIL PRODUCTS COMPANY

18286 SHELL WESTERN E & P INC - CENTRAL DIV

32348 SHELL WESTERN E&P

18292 SHENANDOAH GAS CO

31689 SHERWIN ALUMINA COMPANY

32627 SHORELINE OFFSHORE LLC

32343 SHOW ME ETHANOL. LLC

32329 SIEMENS INDUSTRY. INC

39426 SIEMPRE ENERGY OPERATING. LLC

31148 SIENERGY. LP

39194 SIERRITA GAS PIPELINE LLC

32195 SIGNAL HILL PETROLEUM. INC.

32054 SILICON VALLEY POWER

31605 SILVER CREEK OIL & GAS. LLC

32663 SIMCON OIL & GAS CORP

18336 SIOUX CENTER MUNICIPAL GAS UTILITY

31640 SIOUX CITY BRICK AND TILE

32357 SIOUX FALLS REGIONAL SANITARY LANDFILL

18340 SIPCO GAS TRANSMISSION CORP

32651 SLEEPY HOLLOW OIL AND GAS

39238 SM ENERGY-HOUSTON REGION

GT.GD Active

GT.GG Active

GT.GG Active

GT Active

GT Active

GT.GG Active

GT.GD Active

GT Active

GG Active

GT.GD Active

GT Active

GT.GG Active

GT Active

GT Active

HL.GT.GG Active

GG Active

GT Inactive

GT Inactive

GT Active

HL Active

HL.GT Inactive

GT.GG Inactive

GG Inactive

GT.GD Inactive

GT Active

GT Active

GT Active

GT Active

HL Active

GT.GD Active

GT Active

HL Inactive

GT Active

GG Active

GG Active

GT.GD Active

GT.GD Active

GT Active

GT Active

GT.GG,GD Active

GG Active

3

i

2

2

112

9

24

0

4

0

2

2

101

50

17

2

11

21

5

4

59

2

13

9

112

16

24

2

7

5

16

6

3

61

1

2

2

5

5

1

11

1

27

3



39089

31368

17215

39318

39290

18380

32509

18388

18383

31980

630

10030

2688

25169

30024

18440

31647

99037

31882

32626

31595

32444 

31881 

31880

32445 

39140 

18456 

32653 

32508 

18465 

31724 

32175 

18499 

38907 

18508 

30992 

18526 

32256 

32562 

32419 

18548

SM ENERGY COMPANY

SMARR ENERGY FACILITY 

SMITH PRODUCTION INC (EX - RENRAG INC)

SN OPERATING. LLC 

SND OPERATING. LLC. 

SOCORRO NATURAL GAS CO 

SOMERSET GAS GATHERING OF PENNSYLVANIA. LLC

SOMERSET GAS SERVICE

SOMOCQ.INC 

SOTEX FUELS.LLC. 

SOURCEGAS ARKANSAS INC.

SOURCEGASLLC 

SOUTH ALABAMA GAS DISTRICT

SOUTH CAROLINA PIPELINE CORP 

SOUTH DAKOTA INTRASTATE PIPELINE CO-

SOUTH JERSEY GAS CO 

SOUTH SHORE PIPELINE CO LLC

SOUTH WILMINGTON-PIPEUNE 

SOUTHCROSS ALABAMA GATHERING SYSTEM. L.P.

SOUTHCROSS ALABAMA PIPELINE LLC

SOUTHCROSS CCNG GATHERING LTD

SOUTHCROSS GATHERING LTD. 

SOUTHCROSS MISSISSIPPI INDUSTRIAL GAS SALES. L.P.

SOUTHCROSS MISSISSIPPI PIPELINE. L.P.

SOUTHCROSS NGL PIPELINE LTD. 

SOUTHCROSS NUECES PIPELINES LLC

SOUTHEAST ALABAMA GAS DISTRICT

SOUTHEAST GAS TRANSMISSION 

SOUTHEASTERN KANSAS PIPELINE & TRANSMISSION CO. LLC

SOUTHEASTERN NATURAL GAS CO

SOUTHERN COMPANY PIPELINES

SOUTHERN DOME, LLC 

SOUTHERN GAS TRANSMISSION CO 

SOUTHERN ILLINOIS POWER COOPERATIVE

SOUTHERN INDIANA GAS & ELECTRIC CO

SOUTHERN MISSOURI GAS COMPANY. L.P.

SOUTHERN UNION GAS SERVICES. LTD 

SOUTHERN UNION INTRASTATE GAS PIPELINE 

SOUTHWEST GAS TRANSMISSION COMPANY A LIMITED-

SOUTHWEST IOWA RENEWABLE ENERGY. LLC

SOUTHWESTERN GAS PIPELINE INC

GG Active 5

GT Active 1

GG Inactive 2

HL Active 9

GT.GG Active 12

GT.GD Active 38

GT.GG Active 23

GT.GG. GD Active 147

GG Inactive 2

GT.GG Inactive 13

GT.GG.GD Inactive 886

GT.GD Inactive 2,011

GT.GD Active 103

GT Inactive 1,978

GT Active 178

GT.GD Active 146

GT Active 26

HL Inactive 29

GT.GG Inactive 25

GT.GG Active 429

GT.GG Active 30

GT Active 3

GT Active 12

GT.GG Active 423

HL Active 114

GT Active 33

GT.GD Active 622

GT Active 111

GT Active 26

GG.GD Active 3

GT Active 104

GT.GG Active 12

GT Active 50

GT Active 5

GT.GD Active 143

GT.GD Inactive 207

HL.GT Inactive 235

GT Inactive 11

GT Active 10

GT Active 1

GT.GG Inactive 3
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18555

18560

39097

30962

32585

31600

18558

18584

18594

18084

18678

32523

38913

39124

39422

18636

31104

32268

32237

30573

32584

31868

31803

32456

849

32438

39066

32074

30034

31392

31904

39131

32670

32007

18752

39109

31949

39107

39111

32517

11288

SOUTHWESTERN PUBLIC SERVICE CO

SOUTHWESTERN VIRGINIA GAS CO 

SOWEGA POWER LLC & BACONTON POWER LLC

SPECTRA ENERGY VIRGINIA PIPELINE COMPANY

SPELMAN PIPELINE HOLDINGS LLC 

SPINNAKER EXPLORATION COMPANY, LLC.

SPORT PIPELINE CORP 

SPRINGFIELD. CITY UTILITIES OF

SPUR. CITY OF 

ST LAWRENCE GAS CO INC 

ST LOUIS PIPELINE OPERATING LLC

ST. PAUL PARK REFINING CO. LLC

STATOIL OIL & GAS LP

STATOIL PIPELINES LLC 

STATOIL USA ONSHORE PROPERTIES INC

STEPHEN. CITY OF 

STEPHENS AND JOHNSON OPERATING CO.

STEPHENS PRODUCTION COMPANY

STERLING ETHANOL LLC 

STEUBEN GAS STORAGE COMPANY

STL PIPELINE. LLC 

STONEWATER PIPELINE COMPANY. LLC

STROUD PETROLEUM INC 

SUFFOLK TRANSMISSION PARTNERS. LP

SUMAS COGENERATION CO- LP.

SUMMIT GAS GATHERING. LLC 

SUMMIT NATURAL GAS OF MAINE. INC

SUMMIT NATURAL GAS OF MISSOURI

SUMMIT PETROLEUM CORP - GAS DIV.

SUNFLOWER ELECTRIC POWER CORP

SUNRISE POWER COMPANY. LLC

SUNVIT PIPELINE LLC 

SUPERIOR APPALACHIAN PIPELINE. LLC.

SUPERIOR PIPELINE COMPANY LLC.

SUPERIOR WATER LIGHT & POWER CO 

SUSQUEHANNA GATHERING COMPANY I, LLC

SW GATHERING

SWEPI LP 

SWG PIPELINE. LLC. 

SWISSPORT FUELING INC

SYCAMORE GAS COMPANY

GT Active 20

GT,GD Active 14

GT Active 2

GT Inactive 87

GT.GD Active 121

GG Inactive 2

GT Inactive 1

GT,GD Active 49

GT.GD Active 43

GT.GD Active 78

HL Active 22

HL Active 5

HL Active 60

HL Active 23

GG Active 2

GT.GD Active 1

GG Active 5

GT.GG Active 8

GT Inactive 6

GT.GG Inactive 16

GG Inactive 6

GT Inactive 6

GG Active 2

GT Active 2

GT Inactive 4

GT.GG Inactive 11

GT.GD Active 68

GT.GD Active 300

GG Active 26

GT Active 18

GT Active 3

HL Active 27

GT.GG Active 4

HL,GT.GG Active 156

GT.GD Active 8

GT.GG Active 13

GG Active 4

GG Active 6

GT.GG Active 353

HL Active o;

GT.GD Active 4
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31962

18784

30715

19481

38931

19035

32312

31756

39216

32471

39325

99002

31716

31801

32615

30748

30626

31492

32478

22465

31977

38921

30976

39309

19125

32588

32226

32200

39016

31747

19140

32400

39338

30735

32631

39029

31874

39228

32253

32484

19233

SYCAMORE GAS SYSTEM

SYLACAUGA GAS SYSTEM 

SYNERGY PRODUCTION COMPANY

T&M TERMINAL CO 

TABULA RASA ENERGY LLC 

TALCO MIDSTREAM ASSETS LTD

TALISMAN ENERGY USA INC

TALL GRASS GAS SERVICES LLC

TALLGRASS MIDSTREAM LLC

TALON OIL & GAS, LLC

TALOS ENERGY, LLC 

TAMPA AIRPORT PIPELINE CORPORATION

TAMPA ELECTIC CO - POLK POWER

TANDEM ENERGY CORPORATION

TANOS EXPLORATION. LLC 

TARGA INTRASTATE PIPELINE, LLC.

TARGA NGL PIPE LINE CO 

TARGA PIPELINE MID-CONTINENT LLC 

TARGA PIPELINE MID-CONTINENT WEST OK LLC

TARGA PIPELINE MID-CONTINENT WESTTEX LLC

TARGA RESOURCES, INC. 

TARGA SOUND TERMINAL LLC

TATA CHEMICALS 

TEA ENERGY SERVICES. LLC

TEAVEE OIL & GAS INC

TECHNISAND INC. 

TECPETROL CORPORATION

TEMA OIL & GAS COMPANY

TEMPEST ENERGY RESOURCES

TENASKA GEORGIA PARTNERS LP

TENOAKS PIPELINE CO 

TEPEE PETROLEUM COMPANY. INC.

TESORO ALASKA COMPANY LLC 

TESORO ALASKA PIPELINE COMPANY LLC

TESORO GREAT PLAINS MIDSTREAM LLC 

TESORO LOGISTICS NORTHWEST PIPELINE LLC 

TESORO LOGISTICS OPERATIONS LLC - GOLDEN EAGLE

TESORO LOGISTICS ROCKIES 

TESORO REFINING & MARKETING COMPANY LLC - LOS ANGELES...

TESUQUE PIPELINE, LLC 

TEXACO EXPLORATION & PRODUCTION INC

UJ

GG Inactive 0

GT,GD Active 20

GG Inactive 2

HL Active 1 2

HL Active 30 3 1

GG Active 23

HL,GG Active 23

GT,GG Inactive 4

HL Active 18 1

GG Inactive 56

HL,GG Active 3 1

HL Active 11 11 6

GT Inactive 1

GG Active 11

GG Inactive 7

GT,GG Active 42

HL Active 106 7

GT,GG Active 8

GG Active 16

HL,GT,GG Active 90 2

HL,GT,GG Inactive 373 1

HL Active 3 1

GT Active 10

GG Active 6

GT,GG,GD Active 18

GT Active 4

GT Active 10

GG Active 5

GG Active 6 n
GT Active 1

GT Inactive 3

GG Inactive 3

GT Active 0

HL Active 73 9 i

HL Active 116 6 2

HL Active 1,201 7 2

HL Active 5

HL,GT Active 158 3

HL,GT Active 16 7 5

GG Active 2

GG Inactive 7
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32276 TEXANA MIDSTREAM COMPANY IP

31681 TEXAS CRUDE ENERGY INC

26103 TEXAS EASTMAN DIVISION. EASTMAN CHEMICAL CO

39125 TEXAS ENERGY MIDSTREAM LP.

39441 TEXAS GAS PIPELINE COMPANY. LLC

19301 TEXAS MUNICIPAL POWER AGENCY

30721 TEXAS SOUTHEASTERN GAS GATHERING CO.

38885 TEXSTAR MIDSTREAM UTILITY. LP

32673 TEXTRAN PIPELINE. LLC

31870 IGSRIALLC.

12606 THE EMPIRE DISTRICT GAS COMPANY

31897 THE GEORGE R. BROWN PARTNERSHIP. LP.

30036 THE HOUSTON EXPLORATION COMPANY

31575 THE QUINTIN LITTLE CO INC

19360 THIBODAUX GAS DEPT. CITY OF

31422 THUNDER CREEK GAS SERVICES LLC

39187 THUNDER CREEK NGL PIPELINE. LLC

31372 TICONA POLYMERS INC

31051 TIDEWATER. INC

32608 TIGER DEVELOPMENT LLC

30914 TIMBERLAND GATHERING & PROCESSING CO.. INC

32403 TIMBERLINE ENERGY LLC

39339 TINSLEY RESOURCES LLC

39092 TITAN ALASKA LNG

39236 TITANIUM METALS CORPORATION

19490 TOCCOA NATURAL GAS SYSTEM. CITY OF

32572 TOLEDO REFINING COMPANY. LLC

39344 TOM-STACK

39153 TOM PC LLC

19529 TORCH MIDSTREAM SERVICES. LLC

32063 TORO ENERGY OF INDIANA. LLC

32067 TORO ENERGY OF MARYLAND. LLC

32325 TORO ENERGY OF MISSISSIPPI. LLC

30801 TOTAL GAS PIPELINE USA. INC

31937 TPCO. LLC

19538 TPI PIPELINE CORP

38952 TPLARKOMA HOLDINGS LLC

39082 TPL SOUTHTEX MIDSTREAM LLC

31856 TPM. INC

32430 TRADITION RESOURCES OPERATING. LLC

19574 TRAILBLAZER PIPELINE CO

GT.GG Inactive 107

GG Inactive 14

HL Active 471

GT.GG Inactive 4

GT Active 2

GT Active 17

GT Inactive 2

HL Inactive 49

GG Active 1

GT Inactive 528

GT.GD Active 87

HL Active 8

GG Inactive 4

GG Active 2

GT.GD Active 88

GG Inactive 1

HL Active 106

GT Active 27

HL Active 18

GT Active 1

GG Active 0

GT Active 7

HL Active 37

GT Active 1

GT Active 1

GT.GD Active 90

HL Active 4

GT Active 3

GT.GG Active 13

GT Inactive 23

GT Active 8

GT Active 6

GT Active 5

HL.GT Active 17

HL Active 10

GT Inactive 11

HL.GT Active 19

GT.GG Active 67

HL Inactive 9

HL.GG Active 58

GT Active 454
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•
19585 TRANS MOUNTAIN PIPELINE (PUGET SOUND) LLC

31543 TRANS-UNION INTERSTATE PIPELINE. LP.

32476 TREETOP MIDSTREAM SERVICES. LLC

32592 TREK RESOURCES. INC

32181 TREND GATHERING & TREATING. LLC

32448 TRES PALACIOS GAS STORAGE LLC

32151 TRI-C RESOURCES. INC.

32155 TRIAD ENERGY CORPORATION

31475 TRINITY PIPELINE GP LLC

39326 TRINITY RIVER ENERGY OPERATING. LLC

39045 TRISTATE ETX, LLC

32610 TRISTREAM EAST TEXAS. LLC

39447 TRONOX ALKALI CORPORATION

31915 TROPICANA PRODUCTS. INC.

30838 TUSCARORA GAS TRANSMISSION COMPANY

30050 TWISTER GAS SERVICES. LP

39117 TX PIPELINE WEBB CO LEAN SYS. LLC

39120 TX PIPELINE WEBB CO RICH SYS. LLC

32222 TYSON FOODS. INC.

31087 U.S. BORAX

19890 UCAR LOUISIANA PIPELINE CO

31467 UGI CENTRAL PENN GAS. INC

38927 UGI ENERGY SERVICES

20010 UGI UTILITIES. INC

32493 UNEV PIPELINE. LLC

20046 UNION CARBIDE CHEMICALS & PLASTICS CO INC

20042 UNION CARBIDE CHEMICALS & PLASTICS INC -TEXAS CITY

20040 UNION CARBIDE CORP

20120 UNION OIL & GAS INC

20132 UNION OIL CO OF CALIFORNIA

31347 UNION OIL COMPANY OF CALIFORNIA (UOCC)

31840 UNISOURCE ENERGY SERVICES

32199 UNIT PETROLEUM COMPANY

39234 UNITED GAS PIPELINE COMPANY. LLC

26111 UNITED REFINING CO

20236 UNITED STATES GYPSUM CO

20237 UNITED STATES STEEL CORP

39361 UNIVERSITY OF ARKANSAS. FAYETTEVILLE

20263 UNIVERSITY OF ILLINOIS - LATERAL

31665 UNIVERSITY OF NEW HAMPSHIRE

32426 UNIVERSITY PARK ENERGY. LLC

HL Active 64 14 3

GT Active 42 7 1

HL Active 0 3 1

GG Active 4

GG Active 24

GT Active 100 3 1

GG Inactive 7

GT Inactive 3

HL Active 180 5 3

GT.GG Active 74

GG Active 11

HL Active 34

GT Active 14

GT.GD Active 0

GT Active 305 8 1

GG Inactive 4

GT Active 41

GT Active 37

GT Active 3|

GT.GD Inactive
2|

2 1

GT Active 1

GT.GD Active 131

GT.GG Active 45 2| 1

GT.GD Active 122 8

HL Active 427 12

HL.GT Active 14

HL.GT Inactive 9

GT Inactive 4

GT.GD Active 24

GG Active 6

HL.GT,GG Inactive 130 19 6

GT.GD Active 30

GG Inactive 3

GG Active 0

HL Active 2

GT.GD Active 77 4

GG Inactive 2

GT Active 1

GT.GD Active 22

GT.GD Active 13

GT Active 0
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25172 UNOCAL ENERGY RESOURCE DIVISION

39266 URBAN OIL & GAS GROUP

32429 US AMINES

99054 US STEEL

31127 USG INTERIORS INC

31839 USG PIPELINE COMPANY. LLC

32458 UTAH ASSOCIATED MUNICIPAL POWER SYSTEMS

39122 UTICA EAST OHIO MIDSTREAM LLC

31814 UTILITY SAFETY AND DESIGN. INC.

32021 VALENCE MIDSTREAM LIMITED

30807 VALENCE OPERATING COMPANY

31243 VALERO NATURAL GAS PIPELINE

32033 VALERO REFINING COMPANY - LOUISIANA

32212 VALERO REFINING COMPANY - OKLAHOMA

32032 VALERO REFINING COMPANY - TEXAS

32364 VALERO REFINING-NEW ORLEANS. LLC.

21030 VALLEY ENERGY. INC.

39439 VALLEY LFG. LLC

32591 VAMOS OIL AND GAS. LLC

38888 VANTAGE FORT WORTH ENERGY LLC

21153 VARIBUS CORP

32600 VELMA-ALMA SCHOOL

39358 VELOCITY CENTRAL OKLAHOMA PIPELINE. LLC

32320 VENTURA REFINING AND TRANSMISSION. LLC

21190 VERMONT GAS SYSTEMS INC

6255 VERNON E FAULCONER INC

39135 VICTORIA EXPRESS PIPELINE. LLC.

32525 VINLAND ENERGY OPERATIONS

30804 VINTAGE PETROLEUM. INC.

21315 VINTAGE PIPELINE INC

32279 VINTON PIPELINE. LLC

21350 VIRGINIA POWER

30794 VIRTEX PETROLEUM CO.. INC.

39246 VISTA ENERGY. INC.

31420 VOPAK TERMINAL LOS ANGELES INC.

32115 VOYAGER EXPLORATION. INC.

30020 W & T OFFSHORE INC

39275 WACKER POLYSILICON NORTH AMERICA. LLC

32361 WAGNER & BROWN LTD.

31708 WAGNER OIL COMPANY

22035 WAKEFIELD MUNICIPAL LIGHT DEPT

GT,GG Inactive 16

GT.GG Active 1

GT Active 20

GT.GD Active 17

GT Inactive 2

GT Inactive 16

GT Active 5

HL,GT,GG Active 79

GT.GD Inactive 11

GG Inactive 2

GG Active ‘1

GT Inactive 3

HL,GT Inactive 5

GT Active 11

HL Inactive 51

HL.GT Active 8

GT,GD Active 14

GT Active 2

GG Active 11

GG Active 4

GT Active 29

GT Inactive 1

HL Active 41

GT Inactive 1

GT.GD Active 74

GT Active 1

HL Active 57

GT,GG Active 30

HL Inactive 3

GT.GG Inactive 80

GT Inactive 5

GT Inactive 17

GG Active 2

GG Active 8

HL Active 11

GT Inactive 7

GT.GG Artive 52

GT Active 1

GG Inactive 3

GT.GG Inactive 4

GT.GD Active 0
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30839 WALDEN, TOWN OF

22110 WALTER OIL & GAS CO

22154 WARNER ROBINS GAS SYSTEM

22168 WARREN GAS DEPT. CITY OF

990 WARRIOR GAS CO

32310 WARRIOR MET COAL GAS.LLC

22182 WASHINGTON GAS LIGHT CO

32556 WASKOM MIDSTREAM

32589 WASKOM TRANSMISSION LLC

32311 WATERLOO GAS TRANSPORT. LLC

22235 WAUKEE MUNICIPAL GAS

22280 WAYLAND MUNICIPAL GAS CO

22343 WEIR NATURAL GAS SYSTEM. TOWN OF

22357 WELLMAN MUNICIPAL GAS SYSTEM

22368 WEST BAY EXPLORATION CO

32090 WEST FORK PIPELINE COMPANY. LP.

31312 WEST PHOENIX POWER PLANT

22434 WEST TENNESSEE PUBLIC UTIL DIST

39357 WEST THOMAS FIELD SERVICES. LLC

32225 WESTECH ENERGY CORPORATION

39040 WESTERN ENERGY GROUP

22448 WESTERN FARMERS ELECTRIC COOP

22462 WESTERN GAS INTERSTATE CO

30581 WESTERN GAS RESOURCES-TEXAS. INC

30001 WESTERN PIPELINE INC

31877 WESTERN REFINING TERMINALS. LLC

22410 WESTGAS INTERSTATE. INC

30683 WESTLAKE PETROCHEMICALS LLC

30941 WESTLAKE PVC CORPORATION

39451 WEYERHAEUSER

31730 WGP-KHC. LLC

39269 WHITE OAK OPERATING COMPANY. LLC

31352 WHITING PETROLEUM CORP

39288 WHITMARNEW YORK. LLC

39377 WHITNEY OIL & GAS. LLC

31206 WICHITA GAS PRODUCERS. LLC

31136 WICKLAND OIL COMPANY

22605 WILCOX COUNTY GAS DISTRIBUTION

31287 WILD GOOSE STORAGE INC

38926 WILDCAT MIDSTREAM OPERATING LLC

32252 WILLIAMS ARKOMA GATHERING LLC

GT.GD Artive 46

GG Active 10

GT.GD Active 25

GT.GD Active 1

GG Active 5

GT Active 7

GT.GD Active 181

GG Inactive 10

GG Inactive 2

GT.GD Active 1

GT.GD Active 14

GT.GD Active 10

GT.GD Active 5

GT.GD Active 7

GT Active 9

GT Inactive 2

HL.GT Active 3

GT.GD Active 5

GT Active 1

GT Inactive 21

GG Active 5

GT Inactive 161

GT Active 236

GT Inactive 37

GG Active 1

HL Active 5

GT Active 11

HL.GT Active 29

GT Active 3

GT Active 2

GG Active 3
GT.GG Active 7

HL.GT,GG Active 59

GG Active 4

HL Active 10

GT.GD Inactive 10

HL Active 12

GT.GD Active 44

GT Artive 34

HL.GT.GG Artive 53

GT Inactive 29



32250 WILLIAMS BARNETT GATHERING SYSTEM. LP

994 WILLIAMS FIELD SERVICES - GULF COAST COMPANY. LP

32091 WILLIAMS OIL GATHERING. LLC

32614 WILLIAMS OLEFINS FEEDSTOCK PIPELINES. LLC

22662 WILLOWTEX PIPELINE CO

32216 WINDSOR ENERGY GROUP. LLC

30515 WINFIELD MUNICIPAL GAS

22742 WINONA. TOWN OF

22777 WISCONSIN ELECTRIC POWER COMPANY DBA WE ENERGIES

22763 WISCONSIN GAS LLC DBA WE ENERGIES

22791 WISCONSIN PUBLIC SERVICE CORP

31916 WM RENEWABLE ENERGY. LLC

32064 WMRE OF KENTUCKY. LLC

32068 WMRE OF MICHIGAN. LLC

32070 WMRE OF OHIO. LLC

32071 WMRE OF OHIO-AMERICAN, LLC

3120 WOLF ENERGY

22818 WOLVERINE POWER SUPPLY COOP INC

32616 WOODLAND PULP. LLC

32001 WOODLAWN PIPELINE COMPANY. INC.

18542 WOODWARD APPLE SPRINGS. LLC

32285 WORSHAM-STEED GAS STORAGE. LLC

31936 WORTHINGTON GENERATION

31718 WPS-ESI GAS STORAGE LLC

38988 WPX ENERGY MARCELLUS GATHERING. LLC

32232 WTG GAS PROCESSING. L.P.

38938 WTG NGL PIPELINE COMPANY. LLC

32314 WTG-HUGOTON. LP

32405 WYCKOFF GAS STORAGE COMPANY. LLC

32271 WYNN-CROSBY OPERATING. LTD

30756 WYOMING REFINING CO

39204 XLAKE PIPELINE CO.. LLC

39231 XPLORER MIDSTREAM LLC

31178 XTO ENERGY INC

39413 XTR MIDSTREAM. LLC

31939 XTX PIPELINE COMPANY. LLC

32368 YALE OIL ASSOCIATION. INC.

24030 YORK COUNTY NATURAL GAS AUTH

31837 ZADECK ENERGY GROUP. INC.

31387 ZAPCO ENERGY TACTICS

39134 ZEELAND FARM SERVICES. INC.

GT.GG Inactive 26

HL.GG Active 499

HL Active 378

HL,GT Active 580

GT Inactive 15

HL Inactive 1

GT,GD Active 6

GT.GD Active 7

GT.GD Active 193

GT.GD Artive 354

GT.GD Artive 229

GT Active 22

GT Inactive 5

GT Active 2

GT Artive 3

GT Active 9

GG Inactive 3

GT Artive 2

GT Active 5

HL.GG Inactive 38

GG Artive 3

HL.GT Artive 67

GT Active 1

GT Inactive 6

GG Inactive 1

HL.GT Inactive 67

HL Artive 42

GT.GG Artive 154

GT Artive 12

GG Artive 2

HL Artive 40

GT Inactive 6

HL.GT Active 3

HL,GT.GG Active 188

GG Artive 30

GT Inactive 2

GG Inactive 1

GT.GD Artive 9

GG Inactive 12

GT Artive 4

GT Artive 6



25000 ZIA NATURAL GAS CO

32036 ZINN PETROLEUM COMPANY

GT,GD Actlv

GG Inactiv



Friedman 25 - PHMSA Summary of Enforcement Actions Sunoco Pipeline

U.S. Department Pipeline a H.xardou* Materials Pipeline Safety Stakeholder Communications

of Transportation Administration Pipeline Safety Connects Us All

Summary of Enforcement Actions

SUNOCO PIPELINE L.P.
These reports provide a summary of the various enforcement actions undertaken by PHMSA. They 
include those that have both been initiated by PHMSA as well as those that have been resolved by 
PHMSA in a given year. Enforcement actions that have been initiated through one of PHMSA's 
various enforcement mechanisms identify conditions requiring operator attention, with each 
enforcement action in and of itself representing one, a few, or many such conditions. Enforcement 
actions that have been resolved indicate that the necessary corrective actions for these previously 
identified conditions have been established to PHMSA's satisfaction. Non-Enforcement Data for 
SUNOCO PIPELINE L.P..

Enforcement Cases Initiated Enforcement Orders Issued Enforcement Cases Closed

This report represents the range of civil administrative enforcement case types that PHMSA 
brings against pipeline owners and operators. It does not reflect those cases which the agency 
has referred to other Federal officials for criminal prosecution, nor does it include more 
egregious civil cases that are referred to the U.S. Department of Justice for judicial 
enforcement. The table shows the total number of Corrective Action Order cases, Notice of 
Probable Violation cases, Notice of Amendment cases. Warning Letter case, and Notice of 
Proposed Safety Order cases initiated in a given year. Cases are considered initiated when the 
first enforcement document, which can vary by case type, is sent to the operator.

Cases Initiated: 2002-2019 <”

Year
Corrective Action Notice of Probable

Notice of 
Amendment 

Cases

Warning
Notice of 
Proposed

Order Cases Violation Cases Letter Cases Safety Order 
Cases

2002 0 0 0 0
2003 0 0 0 1
2004 0 1 0 0
2005 0 2 1 0
2006 0 1 1 0
2007 0 4 1 2
2008 0 1 0 0
2009 0 1 0 0
2010 0 0 0 0 0
2011 0 0 0 0 0
2012 1 2 1 1 0
2013 0 1 3 1 0
2014 0 1 1 0 0
2015 0 0 0 0 0
2016 1 2 1 0 0
2017 0 3 1 1 0
2018 0 3 2 2 0
2019 0 3 0 0 0

Totals 2 25 12 8 0
Export Table

Corrective Action Orders: PHMSA may initiate a Corrective Action Order case if it determines 
that a particular pipeline represents a serious hazard to life, property, or the environment. They 
usually address urgent situations arising out of an accident, spill, or other significant, 
immediate, or imminent safety or environmental concern. In a Corrective Action Order case, 
PHMSA identifies actions that must be taken by the operator to assure safe operation. These 
actions may include the shutdown of a pipeline or operation at reduced pressure, physical 
inspection or testing of the pipeline, repair or replacement of defective pipeline segments, and 
similar measures. If PHMSA believes the conditions for a Corrective Action Order case exist, but 
the Order does not need to be issued expeditiously to prevent likely serious harm to life, 
property or the environment, the Operator will be given reasonable notice and an opportunity 
for a hearing before an actual Corrective Action Order is issued. In these situations, a Notice of 
Proposed Corrective Action Order is issued to the operator. Because of this, there is a difference 
between Corrective Action Order cases initiated and actual Corrective Action Orders issued.
This tab measures Corrective Action Order cases opened, not the number of actual orders
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issued, which is represented on the "Enforcement Orders Issued" tab. Corrective Action Orders 
are described in 49 CFR 190.233.

Notices of Probable Violation: Notices of Probable Violations (NOPVs) are commonly used as 
an enforcement tool. After routine inspections, incident investigations, or other oversight 
activity by authorized Federal or Interstate Agent pipeline inspectors, the PH MSA Regional 
Director will determine if probable violations have occurred, and, if appropriate, issue an NOPV 
to the operator. The NOPV alleges specific regulatory violations and, where applicable, proposes 
appropriate remedial action in a Compliance Order and/or civil penalties. The operator has a 
right to respond to the NOPV and to request an administrative hearing. The administrative 
enforcement procedures and other regulations governing the enforcement program are 
described in 49 CFR 190 Subpart B "Enforcement."

Notices of Amendment: PHMSA inspections, incident investigations, and other oversight 
activities routinely identify shortcomings in an operator's plans and procedures under PHMSA 
regulations. In these situations, PHMSA issues a Notice of Amendment (NOA) letter alleging 
that the operator's plans and procedures are inadequate and requiring that they be amended. 
The operator has a right to respond to the Notice and to request an administrative hearing. 
Notices of Amendment and the procedures for their issuance and enforcement are described in 
49 CFR 190.237.

Warning Letters: For some probable violations, PHMSA has the option of issuing a Warning 
Letter notifying the operator of alleged violations and directing it to correct them or be subject 
to further enforcement action. PHMSA then follows up on these items during subsequent 
inspections or through other interactions with the operator. Warning Letters are described in 49 
CFR 190.205.

Notice of Proposed Safety Order: PHMSA may issue a Notice of Proposed Safety Order to 
notify an operator that a particular pipeline facility has a condition or conditions that pose a 
pipeline integrity risk to public safety, property, or the environment. A Notice of Proposed 
Safety Order addresses pipeline integrity risks that may not constitute a hazardous facility 
requiring immediate corrective action (see Corrective Action Order described above), but do 
need to be addressed over time. The Notice of Proposed Safety Order proposes measures the 
operator must take to address the identified risk. These can include inspection, testing, repair, 
or other appropriate actions to remedy the identified risk condition. Notices of Proposed Safety 
Order are described in 190.239. The 2006 Pipeline Inspection, Protection, Enforcement, and 
Safety Act gave PHMSA the authority to include a new enforcement tool - the Safety Order, and 
a final rule was published on January 16, 2009. Training in the use of this new tool was 
completed in June 2010.

Also see

• PHMSA's Pipeline Enforcement
• Additional Information on the PHMSA Enforcement Program
• National Pipeline Mapping System

Sources
1. PHMSA Safety Monitoring and Reporting Tool (SMART) for the Pipeline Safety Enforcement Tracking System as of 

September 27, 2019.

For comments and questions on the enforcement information presented on this site, please send us 
feedback.

Information provided on this website is intended to enhance public understanding of PHMSA's 
enforcement program. Aggregate and company-specific statistical information reflecting PHMSA's 
enforcement actions is provided beginning with 2002. Key documents associated with new 
administrative enforcement cases are provided beginning with 2007. Agency orders issued since 
2002 are also provided. The search feature may not retrieve every document associated with each 
individual enforcement action. Enforcement data is updated monthly as additional cases are initiated 
and other cases are resolved. Historical totals will change over time to reflect changes in case 
status.
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Friedman 26 PHMSA Summary of Enforcement Actions Sunoco Pipeline

Hazardous Liquid
Time run: 10/8/2019 10:39:07 AM

Operator ID: 18718
Operator Name: SUNOCO PIPELINE L.P.

ALL REPORTED Total

Incident Cause Type 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

ALL OTHER CAUSES 1 1 2

CORROSION 14 12 7 9 7 10 16 20 7 10 9 6 2 1 130

EXCAVATION DAMAGE 2 4 1 1 1 1 2 2 14

INCORRECT OPERATION 1 1 6 4 4 3 3 3 4 5 2 1 2 39

MATERIAL/WELD/EQUIP FAILURE 8 4 9 8 14 7 5 13 8 11 8 5 7 2 109

NATURAL FORCE DAMAGE 2 2 1 1 3 1 1 11

OTHER OUTSIDE FORCE DAMAGE 2 1 1 1 1 6

Grand Total 28 25 23 23 26 21 25 36 19 31 22 15 12 5 311
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Friedman 27 - Pennsylvania CORE Emergency Response Manual
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Pipeline Operations

Transmission Pipelines

□ Larger diameter 
pipelines that link 
gathering and 
distribution networks

□ High Volatile Liquid 
(HVL) products

□ ME Projects - 8, 20 
and 16-inch diameter 
pipelines at pressures 
up to 1,480 psi
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10-18-2019

New Sinkhole at Sleighton Park

F
riedm

an 
28_N

ew
 Sleighton Park Sinkhole


