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I. Executive Summary

The nation’s oil and natural gas and refined products Transportation, Storage and Distribution (TS&D)
infrastructure is transitioning to respond to increasing domestic supplies of liquid fuels and natural gas,
reduced seaborne crude oil imports, and changes in consumer demand for fuels.

Since 2008, new domestic and Canadian sources of supply, totaling more than 2.7 million barrels per
day, have significantly reduced the volumes of seaborne oil imports of light and heavy crude oil to the
Gulf Coast region (PADD lll) and East Coast (PADD 1) refineries. Increasing production of domestic
ethanol and biofuels and reduced liquid fuels demand are also contributing to reducing oil imports.
Together, these new sources of North American liquid fuels are reducing the nation’s dependence on
imports from other regions of the world, including the Middle East, Africa, and Central and South
America.

Concurrently, the rapid development of U.S. shale gas resources has increased domestic natural gas
supply significantly, requiring development of new underground storage and construction of new gas
processing new pipeline transportation capacity, and offering the opportunity for the United States to
become a net exporter of natural gas via pipeline of liquefied natural gas exports.

A. Liquid Fuels Infrastructure

Crude Quality

New domestic oil production from the Eagle Ford (TX) and Bakken (ND) shale oil plays is primarily light
sweet crude, as compared to heavier crudes produced from conventional domestic reservoirs, Canadian
syncrudes, and crude oil imported from other countries.

Refining

Most US refineries, particularly in the Gulf Coast and East Coast have been engineered, upgraded, and
expanded to process an increasingly heavy crude oil feedstock. Light oils can be blended with heavy
crudes to achieve a medium API gravity crude oil that can be also processed in these refineries.
However, refining light sweet crudes without blending will require major industry investments in taller
distillation columns and environmental controls and lengthy permitting processes, which some
companies (such as Valero) are beginning to make.

Thus, while heavy Canadian syncrudes have been welcomed by U.S. refineries, it is becoming
increasingly challenging for U.S. refineries to absorb and blend all of the increasing volumes of domestic
light oil production. This has resulted in calls to lift restrictions on exporting domestic crude oil and the
increasing appearance of “splitter” facilities that minimally refine oil to enable its legal export.

Further, refining light oil will yield more motor gasoline and less distillate (diesel) than medium and
heavy refinery feedstocks, potentially reducing diesel supply and affecting markets and prices.
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Oil Pipelines and Transport

For several decades, Gulf Coast and Midwest refineries have been dependent on seaborne imports
received via the Gulf of Mexico, for much of their crude oil supply. Consequently, the nation’s refining
infrastructure has become highly concentrated in the Gulf Coast region. With increased domestic
production and reduced imports, pipelines flow directions are being reversed and pipeline capacity is
being added to move more Canadian crude to the Midwest and Gulf Coast refiners and domestic light
crude to the East Coast.

These changes have caused temporary dislocations and bottlenecks in the U.S. crude oil transport,
storage, and distribution system with varying degrees of operational and wellhead oil price impacts.

In response, producers have adopted alternative means to transport their crude oil to desired refining
markets. Expanded transport of crude oil by rail and barge to refining centers in the Midwest, East
Coast, West Coast and Gulf Coast allows pipeline chokepoints to be bypassed until new pipeline capacity
can be constructed. These measures, in turn, have affected freight rail markets and operations and
raised safety and environmental concerns.

It has been argued that the proposed Keystone XL pipeline will provide direct access for heavy Canadian
syncrude to U.S. Gulf Coast refineries, and thereby improve the efficiency of the existing domestic oil
pipeline system to serve domestic producers and refinery markets.

Storage

Crude oil storage capacity at refineries, terminals, and market hubs remains sufficient. However,
decreasing import volumes through the Gulf of Mexico has reduced throughput and stored volumes at
the Louisiana Offshore Qil Port. And recent high volumes of crude stocks at Cushing, OK and Patoka, I
resulting from pipeline and market bottlenecks have been largely relieved by new the new Flanagan
South pipeline capacity which facilitates the movement of Canadian heavy crude to the Gulf Coast.

Further, the nation’s reduced oil import dependence has also reduced the volumes of crude oil that
must be held in the Strategic Petroleum Reserves to meet treaty obligations to store 90 days of imports.
Changes in crude oil pipeline flow patterns have reduced the deliverability options for SPR crude to
some markets, but haves not reduced the SPR’s capability to respond to supply interruptions. The
concentration of these reserves stored as crude oil in the Gulf Coast region has given rise to proposals
for diversification of the composition and geographic location of these reserves.

Refined products are delivered from the nation’s refining centers to regional distribution terminals
primarily by underground pipelines and waterborne vessels that serve coastal ports and terminals along
the nation’s inland waterways. Many of these terminals serve as hubs and interconnects for multiple
product pipelines and markets, making the critically important infrastructure. Increasing volumes of
domestically produce alternative fuels, including ethanol and biodiesel, are also transported to these
facilities, generally by rail tank car or tanker truck, for blending or distribution.
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From these product terminals, refined products are generally distributed to fueling stations by tanker
truck. However, some strategically important high volume fuel users, such as airports and air bases, are
served by dedicated pipelines.

B. Natural Gas Transportation, Storage and Distribution Infrastructure

The application of new directional drilling and advanced fracturing technologies has made production of
the nation’s substantial shale gas resources technically and economically viable. This technology shift
has changed the natural gas supply outlook of the United States from that of a net gas importer to a
self-sufficient market with significant gas export potential. New shale gas production is occurring in
numerous basins across the country, with the greatest volumes being produced from the Marcellus and
Utica shale formations in the Appalachian and Mid-Atlantic states in PADDs | and Il. High volumes of
associated gas are also being produced in conjunction with increased domestic oil production. In many
regions, however, new natural gas gathering infrastructure must be constructed to deliver gas from new
production areas to processing, transmission and storage facilities. The lack of infrastructure in many
areas has caused gas development to slow or production to be shut in pending infrastructure
development. This infrastructure gap has affected lease prices.

Gas Processing

Increased shale gas production has given rise to construction of new gas processing plants and capacity
in the new producing areas. Natural gas plants strip out liquids and impurities from the gas stream and
send “dry” gas into the pipeline transmission system for consumption by end-users or injection into
underground storage. They also produce high volumes of natural gas liquids (NGLs), including propane,
which are used as refinery fuels and feed stocks, heating fuels, and other purposes. The high volumes of
natural gas liquids (NGLs) associated with shale gas production are stimulating market shifts and
associated requirements for storage, transport, and processing infrastructure.

Natural Gas Storage

Produced natural gas that exceeds baseline and seasonal market demand is stored in pressurized
underground reservoirs and caverns until needed. With domestic gas production exceeding current
demand, more gas is going into storage, and storage capacity is being increased or expanded to meet
projected storage requirements. Injection and extraction points and compression systems are critical
infrastructure for gas storage facilities.

Gas Transmission Pipelines

America’s system of interstate and intrastate natural gas transmission pipelines is the backbone of the
natural gas industry, connecting gas production, gas treatment and processing, and gas storage systems
with industrial users and local distribution companies (LDC’s). These interconnected pipeline systems
are largely underground. However, they include more than 315,000 miles of pipeline, 1,400 compression
stations, and numerous metering and pipeline interconnect points, as well as thousands of city gate
interconnections, all supported by a network of communications and automated controls.
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Liquefied Natural Gas

Liquefied natural gas (LNG) allows gas to be stored where underground storage is not available or where
rapid deliverability may be needed, such as at peak-shaving power plants. Liquefaction also allows high
volumes of gas to be transported by special LNG tanker ships. With nine LNG import facilities and only
three export facilities, the United States has been a net importer of LNG. This picture is also changing
rapidly. The growing natural gas supply has not just stimulated increased gas use by domestic industrial,
commercial, and residential consumers. New projections of long-term excess gas supply have stimulated
numerous proposals to export LNG. While only one new LNG export facility is currently under
construction, four more projects have been approved by FERC, and more than 25 others have been
formally proposed or are being planned or considered. The combined capacity of these planned and
proposed plants, approximately 35 Bcf/d, exceeds projected market demand. However, the final size
and geographical distribution of a U.S. LNG export industry will ultimately be determined by a
combination of market factors, capital markets, and policy and regulatory determinations.

Interdependencies

Increasingly, the evolution of state-of-the-art sensors and detection systems, communications systems,
and automated controls is allowing greater automation of transportation, processing, storage, and
distribution networks and systems. These advances continue to reduce costs, improve efficiency,
increase safety, and reduce environmental impacts in this critical sector of the nation’s economic and
industrial base. However, dependence on external communications systems and electrical power supply
also contribute to the vulnerability of critical fuels TS&D infrastructure.

The nation’s fuels production, transportation, supply, and distribution system is increasingly
interdependent and interconnected. The natural gas system receives and processes associated gas from
oil production. Qil refiners receive, use, and process NGLs from the gas industry. Increasingly, natural
gas is used for cleaner, more efficient electrical power generation. And virtually all of the nation’s fuels
production, processing, transportation, storage, and distribution system components rely on national,
regional and local electric power grids and infrastructure for communications, controls, and operating
power.

All of these factors must be considered in assessing the vulnerability of these critical systems to natural
and human threats and in assessing and determining effective approaches to improve the resiliency of
these critical systems.

United States Fuel Resiliency: Volume | — U.S. Fuels Supply Infrastructure 4



II. Introduction

A. The Nation’s Changing Fuels Supply and Infrastructure

The nation’s oil and natural gas and refined products infrastructure is transitioning to respond to
increasing domestic supplies of crude oil and natural gas, reduced seaborne crude oil imports, and
changes in consumer demand for fuels. The Department of Energy’s Annual Energy Outlook 2014
projects that, as a result of increased domestic crude oil production, domestic crude will supply
approximately two-thirds of the nation’s oil requirements, and one third will come from imports for the
foreseeable future.

Since 2008, production of light, sweet crude oil from the Bakken shale play in North Dakota, and from
the Eagle Ford play in South Texas, and other areas has increased U.S. annual domestic crude oil
production by 890 million barrels or 2.44 million barrels per day.' Concurrently, volumes of heavy
synthetic crude oil imported from Canada have also increased, rising from 2.845 million barrels per day
in 2008 to nearly 3.125 million barrels per day.

These new sources of supply, totaling more than 2.7 million barrels per day, have significantly reduced
the volumes of seaborne oil imports of light and heavy crude oil to refineries in the Gulf Coast region
(PADD Ill). PADD | East Coast refineries are also receiving increased volumes of domestic Bakken crude
oil via rail and barge, further reducing seaborne imports. Increasing production of domestic ethanol and
biofuels and reduced liquid fuels demand are also contributing to reducing oil imports. Together, this
rapidly expanding North American production is reducing the nation’s reliance on crude oil imports from
countries in the Middle East, Africa, and Central and South America regions and strengthening North
American energy security.

These shifts in the sources and origins of petroleum supply resulted in major bottlenecks and
chokepoints at major hubs in the existing crude oil storage and transportation system, accompanied by
corresponding wellhead oil price impacts. The U.S. fuels infrastructure is changing rapidly to respond to
changing storage, transportation, and processing requirements. Pipelines flows are being reversed,
pipeline capacity is being expanded, and new storage capacity is being added. Expanded transport of
crude oil by rail and barge to refining centers in the Midwest, East Coast, West Coast and Gulf Coast
allows pipeline chokepoints to be bypassed until new pipeline capacity can be constructed.

Concurrently, the rapid development of U.S. shale gas resources has increased domestic natural gas
supply significantly, requiring development of new underground storage, construction of new gas
processing capacity, and new pipeline transportation capacity. The growing natural gas supply has
stimulated fuel switching by domestic consumers and created opportunities for export of liquefied
natural gas (LNG) to foreign markets. Numerous proposals to construct LNG export infrastructure have
been approved or proposed. Further, the high volumes of natural gas liquids (NGLs) associated with
shale gas production are stimulating market shifts and associated requirements for storage, transport,
and processing infrastructure.
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B. Purpose of Study

Established in 2013, Office of Energy Policy and Systems Analysis (EPSA) is the primary energy policy
advisor to the Secretary and Deputy Secretary on domestic energy policy development and
implementation as well as the Department of Energy (DOE) policy analysis and activities. The
fundamental role of EPSA is to deliver unbiased energy analysis to DOE leadership on existing and
prospective energy-related policies, focusing in part on integrative analysis of energy systems. In
addition, EPSA serves as the Secretariat of the Quadrennial Energy Review (QER) across the U.S.
Government, with primary responsibility for supporting the White House interagency process and
providing to it data collection, analysis, stakeholder engagement, and data synthesis.

To support this effort, INTEK Inc. was contracted to conduct a detailed technical and analytical
assessment of the nation’s oil and gas infrastructure, focusing on assessing and making
recommendations to EPSA regarding the resiliency and vulnerability of the U.S. fuel supply system. In
the context of the EPSA vision for infrastructure, resiliency is a sub characteristic of the trait of
robustness. A robust energy system will continue to perform its functions under diverse policies and
market conditions, and has its operations only marginally affected by external or internal events.
Resiliency is the ability to withstand small to moderate disturbances without loss of service, to maintain
minimum service during severe disturbances, and to quickly return to normal service after a
disturbance.

The purpose of Part | of this study is to characterize U.S. fuels infrastructure to provide the data
foundation for a subsequent assessment of its vulnerability to interruption by natural and human forces.

C. Approach

This study describes each element of the nation’s fuels infrastructure; details the number and quantity
of each type of facility; provides details on the production, storage or transport capacities of quantities
of these facilities at the national and regional level; describes the locations of the various facilities and
discusses trends in demand, supply, and other major factors driving changes in infrastructure at the
national and regional level. Supporting details are provided in appendices.

To analyze U.S. regional fuels resiliency, especially with respect to infrastructure, it is important to
define regions, fuels, infrastructure, vulnerability and resiliency.

Regions Evaluated

There are multiple definitions of U.S. regions relevant to energy supply and demand. The regions
frequently used for liquid fuels are the Petroleum Administration for Defense Districts (PADDs), created
during World War |l for the allocation of petroleum products. The regional breakdown used in this study
is consistent with the PADD regions, although the exact breakdown may be more or less detailed
depending on the energy system and infrastructure. A sub-regional breakdown with more detail is
provided in PADDs Il and Il (Figure 1 and Table 1).

United States Fuel Resiliency: Volume | — U.S. Fuels Supply Infrastructure 6



Figure 1: PADDs and Further Subdivisions for Fuels Infrastructure Inventory and Analysis
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Table 1: Description of PADDs and Sub-PADDS

PADD Sub PADDs States / Regions
L Connecticut, Maine, Massachusetts, New Hampshire,
Sub-district A (New England) Rhode Island, and Vermont.
PADD | Sub-district B (Central Delaware, District of Columbia, Maryland, New
(East Coast) Atlantic): Jersey, New York, and Pennsylvania.
. . Flori ia, North li h li
Sub-district C (Lower Atlantic) .or'.d?' Georgia, .Or.t . Carolina, South Carolina,
Virginia, and West Virginia.
Sub-district EAST Michigan, Ohio and Kentucky
L. Illinoi Indi | Mi Mi i
PADD II Sub-district NORTH inois, Indiana, lowa, . |nn.esota, issouri,
Mid ¢ Nebraska, Tennessee, and Wisconsin
(Midwest) Sub-district KS/OK Kansas and Oklahoma
Sub-district WEST North Dakota and South Dakota
GCLA Alabama, Arkansas, Louisiana, Mississippi (Includes
PADD IIl LA, MS, And AL Federal offshore)
Gulf C GCTX East Texas (RRC districts 1-6, including Texas Federal
(Gulf Coast) Offshore
WTX/NM West Texas (RRC Districts (7b-10) and New Mexico.
PADD IV
. Colorado, Idaho, Montana, Utah, and Wyoming.
(Rocky Mountain)
PADD V Alaska, Arizona, California, Hawaii, Nevada, Oregon,
(West Coast) and Washington.
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Fuels and Infrastructure Considered

Fuels considered in this analysis include natural gas, crude oil and condensates, refined petroleum
products, and alternative fuels. The infrastructure considered is primarily the nation’s Transportation,
Storage, and Distribution infrastructure including crude, gas and fuel delivery systems, as well as
processing and storage. Production and end-use infrastructure will be more fully analyzed in a future
phase.

e Fuel delivery systems considered include pipelines for natural gas, crude oil, refined petroleum
products, NGLs, and condensates; compressor/pumping stations; storage and distribution hubs;
rail; barges; and ports; and

e Fuel processing and storage infrastructure considered includes: natural gas storage, treatment
and processing; LNG terminals (liquefaction and regasification); crude oil storage, including the
Strategic Petroleum Reserve (SPR); refineries; refined product storage, including the Northeast
Home Heating Oil Reserve (NEHHOR); and petroleum and alternative fuel retail stations.

This infrastructure is summarized in Table 2 below and discussed in greater detail in the following
chapters of this report.
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Table 2: Summary of U.S. Oil and Gas E&P and Fuels Transport, Supply and Distribution Infrastructure

Section Infrastructure Type Summary
] Exploration and Production Infrastructure
Oil Wells >560,000 producing wells
Natural Gas Wells 482,822 producing wells
Offshore Platforms > 3,500 Gulf of Mexico platforms (85% in shallow waters)
v Crude Oil and Refined Products Infrastructure
143 total refineries
il Refineri
Oil Refineries 139 operating, 4 idle
Crude Oil Pipelines 51,349 miles of crude distribution
P 597 MMBbI transferred between PADDs
Oil Product Pipelines 6 major systems with capacity of 4.29 MMBbl/d
o . 113 terminals
Oil Rail Terminals Upload capacity: 2MMBbl/d
Qil Ports 334 Crude & petroleum product ports
4500 inland tank barges
Waterborne Transport 275 coastal tank barges and Articulated Tank Barges
192 lock systems
Storage Terminals - Crude .
- 1,414 crude and product terminals
Storage Terminals - Products
Petroleum Reserves SPR: 691 MMBbI
NEHHOR: 1 MMBbI
\'} Natural Gas Transport, Storage, and Distribution Infrastructure
516 processing plants
Natural Gas Plant .
aturalBas Flants Total capacity: 64,659 MMcf/d
S ~210 Pipeline systems
N I Pipel
atural Gas Pipelines 315,000 miles of transmission pipeline
Underground Storage 414 Storage Facilities / 9.0 Tcf capacity
LNG Facilities and 110 LNG FaC|I|t|§s - mostly storage for.peak shévmg and ba.c.k-up.
Import/Export Terminals 11 Import terminals (17.6 Bcf/d capacity) (3 with I/E capability
3 Export terminals (7.3 Bcf/d capacity)
Propane Storage and Delivery 13,500 bulk/storage distribution sites
141 Terminals
Propane Stocks ~37 MMBbI
Vi Alternative Fuels
Alternative fuels production 269 existing or proposed ethanol plants; Capacity: 15,600 MMGyr
facilities 134 biodiesel plants; Capacity: >954 MMGyr
Alternative fuel transportation 89 CSX east coast rail ethanol terminals
P 27 CSX rail Uploading Facilities
Vil Fueling Stations

Conventional fueling stations

110,830 gas stations

Unconventional fueling
stations

17,840 stations Include E85 electric, CNG, hydrogen, LPG, LNG, and
biodiesel
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III. U.S. Exploration and Production Infrastructure

A. U.S. E&P Infrastructure

The U.S. fuels supply infrastructure is broadly distributed across the nation, including crude oil and
natural gas exploration and production operations in more than 30 of the 50 states. The United States
has more than 560,000 producing oil wells, and over 482,822 producing natural gas wells (Figure 2).

Since 2005, the nation has seen significant expansion of crude oil and natural gas exploration and
production in the Midwest from the Bakken and Eagle Ford tight oil plays and in the east from the
Marcellus and Utica shale gas plays. Other smaller tight oil and shale gas plays also contribute to the
resurgence of domestic oil and gas production.

The onshore infrastructure supporting this production growth is typical of the oil and gas exploration
and production industry, including vertical and directional subsurface wells, gathering lines, storage
tanks, and transportation by truck, pipeline, or rail to processing and refining centers.

B. Gulf of Mexico E&P Infrastructure

The offshore Gulf of Mexico exploration and production (E&P) and associated infrastructure profile
bears special attention when considering the U.S. fuels supply infrastructure and its vulnerability to
natural and physical threats.

The Gulf of Mexico E&P area extends eastward from Brownsville, Texas to the border of Alabama and
Florida. It extends southward through the western and central Gulf of Mexico some 300 miles. The
eastern Gulf of Mexico remains under an exploration and production moratorium. For the purpose of
this analysis, the Lake Charles outer continental shelf (OCS) producing district is considered part of the
Gulf Coast Texas (GCTX) sub-PADD of PADD lll. The other producing districts are considered to be part of
the Gulf Coast Louisiana (GCLA) Sub-PADD.

There are over 3,500 drilling and production platforms just in the Gulf of Mexico, of which about 85%
are in shallow waters.” Hundreds of miles of subsea gathering lines and pipelines connect these wells to
oil and gas collection points, and onshore storage terminals (Figure 3). This area is also traversed by
shipping channels that serve major ports and refining regions along the Gulf Coast.

All of this offshore E&P infrastructure feeds into the Gulf Coast onshore oil and gas supply infrastructure
and is exposed to both natural threats and physical threats and hazards.

The nation’s E&P system is supported and augmented by a complex and interdependent Transportation,
Storage, and Distribution infrastructure. The E&P elements of the fuel supply infrastructure, as well as
the end-use sectors, will be analyzed in greater detail in a subsequent phase of the Department of
Energy’s Quadrennial Energy Review (QER). It is the TS&D infrastructure that is the subject of this report.
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Figure 2: Producing U.S. Oil and Natural Gas Wells (EIA 2014)
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Figure 3: Gulf of Mexico Pipeline Infrastructure
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IV. Crude Oil and Refined Products Infrastructure

A. Crude Oil Refining

Based on its 2012 gross output of more than $810 billion (14% of U.S. manufacturing output), the
refining industry is among America’s largest manufacturing sectors.? This industry transforms crude oil
into fuels, chemical feedstocks, and other key products. Many of these products are day-to-day
necessities to the U.S. consumers. The American refineries are a strategic asset for the U.S. Maintaining
a viable domestic refinery industry is critical for national economic security.

The industry manufactures nearly 90 percent of the gasoline and ultra-low sulfur diesel (ULSD)
consumed in the United States, providing almost 254 million vehicles with high-quality fuel. In addition,
these refineries produce approximately 75% of the nation’s home heating oil (including ULSD). The U.S.
Energy Information Administration (EIA) projects that the United States will continue to rely heavily on
oil-derived fuels to meet transportation, industrial, and residential needs for the foreseeable future.

Regional Distribution of Refining Capacity

In the 19th century, U.S. refineries processed crude oil primarily to recover the kerosene. There was no
market for the more volatile fractions, including gasoline, which were considered waste. The invention
of the automobile shifted the demand to gasoline and diesel, which remain the primary refined
petroleum products today. Today, national and state legislation requires refineries to meet stringent air
and water cleanliness standards. In fact, U.S. refiners perceive obtaining a permit to build a modern
refinery to be so difficult and costly that no new U.S. refineries have been built (though many have been
expanded) since 1976. (Two small refineries (20 MBbl/d) are now in construction in the Bakken area.)

More than half the refineries that existed in 1981 are now closed due to low utilization rates and merger
and acquisitions activity. As a result of these closures, from 1981 to 1995 total U.S. gross refinery
capacity fell, even though the nation’s operating refining capacity remained fairly constant at around
15,000 MBbl/d. Increases in facility size and improvements in efficiencies have offset much of the lost
physical capacity of the industry.

In 1981, the United States operated 324 refineries with a combined capacity of 18,600 MBbl/d. In 2013,
the United States had 139 operating refineries, with a total capacity of 17,815 MBbl/d (Table 3).*
Excluding PADD 1C, U.S. refineries are running at utilizations between 80 and 95 percent at the average
sub-PADD level. Refineries are located in all PADDs.

e The most highly concentrated refining region is PADD Ill along the Texas and Louisiana Gulf
Coast. This area has 47 refineries with a combined operable refining capacity of 8,477 MBbl/d
which accounts for over 47.5% of U.S. refining capacity. PADD lll is also the home for four of the
world’s top ten largest refineries, each having operating capacity of over 500 MBbl/d. As the
historic locus for most U.S. seaborne crude oil imports, PADD Il refineries are primarily designed
to process heavier imported crude oils.

e PADD Il has an operable capacity of 3,769 MBbl/d and processes mostly heavy Canadian crude.

United States Fuel Resiliency: Volume | — U.S. Fuels Supply Infrastructure 15


http://en.wikipedia.org/wiki/Kerosene

e PADD V has an operable capacity of 3,029 MBbl/d and processes approximately 50% foreign

crude, most of which comes from the Middle East and from Central and South America.

e PADD | has approximately 1,300 MBbl of daily operable refining capacity with nearly all of it
located in the Mid-Atlantic states. PADD | operable capacity has declined by more than 400
MBbl/d since 2009, due largely to capital costs associated with compliance with more stringent

environmental regulation. (See discussion in next section). This region is dependent upon crude

from the Gulf Coast, the Bakken, and Eagle Ford.

e The capacity of the Rocky Mountain Region (PADD IV) was 629 MBbl/d in 2013. PADD IV
processes both Canadian and domestic crude.

Table 3: Regional Distribution of U.S. Refineries

No. of Operable Average
PADD =Dty Refineries Capacity Utilization (%)
(MBbl/d)
A 0 0 -
| B 8 1,245 82.1
C 2 48 36.3
EAST 7 896 93.0
I NORTH 10 1,945 88.8
WEST 1 68 98.9
KS/OK 9 860 90.5
GCLA 26 3,848 85.3
]| GCTX 21 4,637 88.1
WTX/NM 6 618 95.5
v ROCKIES 17 629 92.2
\'} WEST COAST 32 3,029 78.2
Total 139 17,824 86.1

Source: 2013 EIA Refining Capacity Survey

Figure 4 shows the U.S. refineries in the Lower-48 states. The nation’s major refining centers are located
along the Gulf Coast, in Philadelphia PA and Northern New Jersey, in the Midwest, and along the West

Coast.

In 2013, U.S. refineries supplied 92% of domestic liquid fuels demand, including gasoline, jet fuel, diesel,
and others. The remaining 8% came from either imported products or renewable sources, such as

ethanol and biodiesel.
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Figure 4: Locations of U.S. Refineries

Petroleum
Refineries
° Small <200
MBPD
o Medium 200
- 400 MBPD
. Large >400
MBPD
Prepared By: |
INTEK, InC.A 0 110 220 440 660 880

Miles

Source: DOE/EIA 2014

United States Fuel Resiliency: Volume | — U.S. Fuels Supply Infrastructure



The Changing Refining Picture

Since 2009, in response to new crude oil supply provided by increased domestic and Canadian
production, the U.S. refining industry has undergone significant and substantial changes. Heavy
Canadian crude has displaced other foreign oil imports in PADDs Il and IV. Refineries in those regions
have been reconfigured to accept the heavier feedstock. In the following sections, the major refining
changes in the East Coast and the Gulf Coast will be discussed.

Changes in East Coast (PADD I) Refining

Since 2009, refining capacity in PADD | has steadily decreased. East Coast refineries faced low margins,
high crude acquisition costs, high capital costs to upgrade facilities to comply with more stringent
environmental standards, and stiff competition from European gasoline imports. As a result, many have
been idled or closed.

In 2011, three East Coast refineries were closed:

e ConocoPhillips Trainer refinery (185 MBbl/d) in Pennsylvania
e Sunoco Marcus Hook refinery (178 MBbl/d) in Delaware
e Western Yorktown refinery (66 MBbl/d) in Virginia (converted to product terminal in 2012)

In 2012:

e The Perth Amboy Chevron-USA refinery in New Jersey (80 MBbl/d) was shut down and sold to
Buckeye. Buckeye is currently converting it into a marine terminal. The closure of these East
Coast refineries reduced the volume of locally produced products and increased regional
demand for imported ULSD, heating oil, gasoline, and other products.

e The Trainer refinery was purchased by Monroe Energy LLC (Delta Airlines) and reopened in
September, 2012.

In 2013:

e In response to increased Bakken crude supplies to the east coast via rail, the Marcus Hook
refinery (178 MBbl/d) was purchased and reopened by Philadelphia Energy Solutions, a joint
venture between the Carlyle Group and Sunoco. PES is also building a rail terminal, with 140
MBbl/d offloading capacity, to accept light sweet crude from the Bakken.

As a result of these developments, the downward trend in East Coast refining capacity was reversed. By
the end of 2013, PADD | refining had increased to 1,295 MBbl/d. Figure 5 shows the changes in annual
operable refining capacity between 2009 and 2013. The operable capacity (which excludes idled
capacity) of refinery closures are often not noted or represented in the EIA data. Refineries may be idle
for years before and have stopped being included in overall operable capacity. PADD | operable capacity
reflects the scale of the closure or reactivation of East Coast refineries.
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While East Coast refineries have been closing, the sources and volumes of imported crude have
changed. Foreign receipts in 2013 declined by 414 MBbl/d from the 2009 levels of 950 MBbl/d. The
refineries began processing domestic crude in small volumes for the first time since the 1990s. The
volume of Canadian crude processed fluctuated between 156 MBbl/d in 2009 and 115 MBbl/d in 2012.
In total, the volume of processed crude dropped from 1,106 MBbl/d in 2009 (72% utilization) to 683
MBbl/d in 2012 (65% utilization).

These trends, shown in Figure 6, have increased the reliance of PADD | on products from other PADDs,
primarily PADD Il via the Colonial and Plantation pipelines and foreign imports.

Figure 5: PADD | Operable Refining Capacity and Key Refinery Changes (MBbl/d)’
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Figure 6: Delaware, New Jersey, and Pennsylvania Refineries - Domestic and Foreign Receipts
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Changes in Gulf Coast Refining

The Gulf Coast area is one of the most important regions for energy resources and infrastructure in the
United States. Even as the number of operating refineries in the U.S. has decreased, a continuing
pattern of capacity expansions in existing refineries, particularly in PADD lIl, has enabled the industry to
continue to meet the nation’s refining needs.

In 2013, refining capacity in the Gulf Coast area increased by 393 MBbl/d or five percent. The suite of
2013 refinery capacity changes in the Gulf (Figure 7) included:

e Motiva, Port Arthur, TX (315 MBbl/d, 111 percent increase): The largest capacity expansion
took place at the Motiva Port Arthur, TX refinery in 2013, after having completed a five-year
construction project that more than doubled the facility’s daily processing capacity to 600 MBbl
of crude. Originally, the capacity was increased in 2012, but a system failure from a fire led to
the new capacity being idled until 2013. The refinery is a joint venture owned half each by Shell
and Saudi-Aramco. This expansion also increased Saudi Arabian imports for the region in 2013.
The end result is that Motiva-Port Arthur became the largest refinery in North America.
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Figure 7: Changes to Gulf of Mexico Refining Capacity (2013)
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e Marathon, Galveston Bay (51 MBbl/d, thirteen percent increase): The refinery began operation
in 1934 as a Pan American Oil refinery. Later it was owned by BP and known as the BP Texas City
refinery. Marathon purchased the refinery in 2013. The refinery has a history of accidents,
including an explosion in 2005 that killed 15 people and injured more than a hundred others. In
2013, the refinery had a fire and was shut down due to a gasoline leak. Neither incident resulted
in enough damage to prevent the facility from increasing its capacity in 2013 by 51 MBbl/d.

e Marathon, Garyville LA, (32 MBbl/d, seven percent increase): Completed in 1976, (the last built
U.S. refinery) Garyville receives crude oil delivered via the Mississippi River and the Louisiana
Offshore Qil Port (LOOP) and from Gulf of Mexico production. In 2009 the crude oil refining
capacity was expanded by 108 MBbl/d, making it the third largest refinery in the U.S. In addition
to its recent capacity increase of 32 MBbl/d, there are plans for a new expansion to be
completed by 2018. The Residual Oil Upgrade Expansion, or ROUX, would enable the company
to convert a byproduct of the refining process — heavy residual oil — into approximately 1.2
million gallons per day of ultra-low sulfur diesel (ULSD).

e Phillips 66, Alliance, LA (5 MBbl/d, two percent increase): Alliance began operations in 1971. It
is one of the last refineries built in the United States. On May 1, 2012 ConocoPhillips split into
two separate publicly-traded companies: an upstream company that retains the name
ConocoPhillips and concentrates on E&P, and a downstream company, Phillips 66, that owns the
refining and marketing (R&M), chemicals, and midstream business segments. Alliance is located
on the Mississippi River in Belle Chasse, LA., south of New Orleans. The refinery processes light,
low-sulfur crude oils received from domestic Gulf of Mexico producers via pipeline and from
West Africa producers by pipeline via LOOP. This single-train refinery has a simple design and
distributes products to customers in the Southeastern and Eastern states via major common-
carrier pipeline systems and by barge.

e Flint Hills, Corpus Christi, TX (4.5 MBbl/d, two percent increase): The current plan for this
refinery is optimization so that the Eagle Ford crude can supply a higher component of its input.
While a major optimization effort has been planned, no new capacity additions have been
started. The optimization will include: 1) modifying existing equipment configurations, 2)
upgrading control technologies, 3) changing operating practices, and 4) eliminating some
existing equipment.

Future Changes in the PADD III Gulf of Mexico Region

Refinery upgrades that increase refining capacity (called optimizing) are a continuous process that
allows refiners to capitalize on current infrastructure, and upgrade aging machinery. One such upgrade
will be conducted by Valero, which is adjusting its refineries in Houston and Corpus Christi to refine an
additional 160 MBbl/d of oil from the Eagle Ford by 2015. Valero will also expand refining capacity in the
Texas Panhandle by 25 MBbl/d in 2015. Smaller refiners also are trying to boost their output. For
example, the Calumet refinery in San Antonio, TX is expanding its jet fuel production capacity to 2.9
MBbl/d by 2015.
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New Splitters and Toppers

Several plants capable of processing the ultralight oil extracted from the Eagle Ford shale formation in
South Texas are slated for construction. These very simple plants are called "splitters" or "toppers." They
take the very light oil one refining step closer to becoming gasoline and diesel. Then the half-processed
fuel can be shipped to Latin America, Europe and Asia, where local refiners finish the job. According to
the Wall Street Journal, “Eighteen splitter projects planned in the U.S. Gulf Coast, the Midwest and the
Rocky Mountain region will help increase refining capacity by as much as 600,000 barrels a day.” (The
equivalent of three large refineries). Splitter projects on the Gulf Coast include:

e Kinder Morgan Energy Partners, Houston Ship Channel, TX, 100 MBbl/d
e Magellan Midstream Partners, Corpus Christi, TX, 100 MBbl/d
e CCl Corpus Christi, TX 100 MBbl/d

Refinery Investment Plans

According to published reports, the U.S. refining industry has spent more than $85 billion in capital
expenditures since 2005. U.S. refiners have invested over $128 billion for environmental upgrades for
producing cleaner fuels since 1990. U.S. refineries will continue to undergo upgrades, modifications and
expansions. Since the late 1970s, no new refineries have been built in the United States. Most refinery
upgrades have focused on improving capability to refine heavy and sour imported crude oils. Because
refining the light sweet crude requires much taller distillation columns, Bakken and Eagle Ford crudes
cannot be processed in heavy oil refineries, unless blended with the heavier crudes. Several refineries
are making substantial investments to respond to the increased supply of heavy Canadian crude and
light tight oil from the Bakken and the Eagle Ford.

e BP is reconfiguring its Whiting, IN refinery.” The reconfiguration, which includes a coker, crude
unit, and hydrotreater, will allow the refinery to process heavy sour crude as more than 80% of
feedstock. Before the reconfiguration, BP Whiting was only able to process 20% heavy sour oil.

e A similar reconfiguration is occurring at the Lima, OH refinery owned by Husky Energy Co. Husky
has approved a $300 million upgrade project to increase the heavy oil processing capacity by 40
MBbl/d. The current capacity of the refinery is 155 MBbl/d. The project is expected to be
completed in 2017.

e Valero is responding to increasing Eagle Ford production with reconfiguration projects at its
Houston and Corpus Christi refineries.® The $730 million dollar projects, which are expected to
be completed by the end of 2015, will expand light sweet crude processing capabilities by 90
MBbl/d and 70 MBbl/d respectively. The overall capacity of the refineries will not increase.

e Two new small greenfield refineries (operating capacity of ~20 MBbl/d each) are planned in
North Dakota, and two existing refineries are adding capacity to process stranded Bakken light
sweet crude oil.

In total, about 317 MBbl/d of capacity may be added (Table 4). Details are provided in Appendix A.2.
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Table 4: Summary of Planned Refinery Expansions

Company (Number of Refineries Owned)

PADD Sub PADD Added Capacity (Bbl/d)
Il EAST 53,000
I KS/OK 60,000
I WEST 50,000
1l GCTX 90,000
1l WTXNM 25,000
v ROCKIES 39,000

Total 317,000

Source: Worldwide Construction Update, Oil and Gas Journal, May 5, 2014
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Refinery Ownership

Fifty-seven companies own and operate 139 U.S. refineries.’ Figure 8 (above) shows the number and
capacity of the refineries owned by the top 25 companies and their share of the total U.S. capacity.

e The 10 largest companies own 61 refineries (68% of U.S. refineries). These refineries have
12,070 MBbl/d of capacity, representing approximately 70% of total U.S. refining capacity).

e The next five largest companies own 16 refineries (~¥12% of capacity).
e Combined, these top 15 companies own and operate 14,305 MBbl/d of capacity accounting for

more than 80 percent of U.S. refining.

Refinery Capacity and Throughput

U.S. domestic crude production fell from a peak of approximately 10 MMBbI/d in 1973 to almost five
million barrels by 2008. By 2008, U.S. refiners were importing more than 60% of the crude that they
processed (Figure 9). During the same period, the number of U.S. refineries declined, falling from 324 in
1981 to about 139 in 2013.

With the emergence of the shale oil production boom, starting in 2009, domestic crude production
increased sharply. This resulted in reduced foreign crude imports. 2013 refinery throughput was 15,315
MBbl/d of crude, of which 7,605 MBbl/d came from domestic sources and 7,710 MBbl/d were imports.

Figure 9: Foreign and Domestic Refinery Throughputs
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On average, the U.S. processed 50% foreign and 50% domestic crude in 2013. The foreign crude was
imported from over 40 countries in six regions:

e  Africa: Algeria, Angola, Cameroon, Chad, Congo, Egypt, Equatorial Guinea, Gabon, Ghana, Ivory
Coast, Libya, Mauritania, Nigeria.

e (Canada: Canada.

e Central and South America: Argentina, Belize, Bolivia, Brazil, Colombia, Ecuador, Guatemala,
Peru, and Trinidad and Tobago.

e Europe, Asia, and Oceania: Australia, Brunei, China, Indonesia, Italy, The Netherlands, Norway,
Russia, Thailand, United Kingdom, and Vietnam.

e Mexico and Venezuela: Mexico and Venezuela.
e Middle East: Azerbaijan, Irag, Kuwait, Oman, and Saudi Arabia.

In 2013, import sources, ordered by volume, were Canada (2,570 MBbl/d), the Middle East (2,023
MBbl/d), Mexico and Venezuela (1,604 MBbl/d), Central and South America (745 MBbl/d), Africa (642
MBbl/d), and Europe, Asia, and Oceania (126 MBbl/d) (Figure 10).

Figure 10: Refinery Receipts by Region (2013)
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e While Canadian imports have spread to all PADDs, the overwhelming majority are received in
PADD II. Only a small portion, 118 MBbl/d, reached the Gulf Coast refineries in 2013 via pipeline
and tanker. However, with the current and planned infrastructure changes, discussed in later
sections of this report, that situation is sure to change in upcoming years.

e Most of the Middle East imports are received in PADDs |, and Ill. The majority of these imports
are going to the Saudi-owned Motiva Refineries.

e Heavy crude imports from Mexico and Venezuela are mostly received in the PADD llI refineries.
Much of the heavy crude is going to Citgo refineries.

e Crude from Central and South America, primarily received in PADD Ill, are also received by
refineries in PADDs | and V.

e African imports are received in PADD |, Ill, and V with the majority consumed in PADD I
refineries.

B. Crude 0Oil Pipelines

Pipelines are the most common mode of transport for shipping crude oil in the United States. There are
51,349 miles of crude distribution pipelines (Figure 11).

The top 10 pipeline companies operate nearly 27,500 miles of pipeline, just over 50 percent of the total.
In 2013, 597 million barrels of crude oil were transported between PADDs via pipeline.’’ The highest
concentration of pipelines is in the Gulf Coast region which is home to approximately 50 percent of the
nation’s refining capacity.

The major U.S. crude pipeline systems illustrated in Figure 11 are described in Table 5.
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Crude Oil Pipeline Systems
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Table 5: Major U.S. Crude Oil Pipelines

Map | Crude Oil Origin Destination Max F'?W
Key | Pipeline City st City st ey
(MBbl/d)
C6 | Portland Portland ME Montreal CAN 109
Cc7 Pacific Bakersfield CA Los Angeles CA 130, 105
c8 zgﬁi;head Flanagan IL | Cushing OK 1933
C9 | Minnesota Clearbrook MN Minneapolis | MN 465
c10 ls\l;;tehmDakota Minot ND Clearbrook MN 210
C11 | Ozark Cushing OK Wood River | IL 215
C12 | Mid-Valley Longview TX Lima OH 240
C13 | Platte Caspar Wy Wood River | IL 145
C14 | Seaway Cushing OK Houston X 850
C15 | Flanagan Flanagan IL Cushing OK 600
c16 JRli)r:iC;)o;;f?nery Los Angeles A i?:ncisco A 84
C17 | Koch Pipeline | Pettus X EE:Z:S X 250
C18 | Centurion Midland TX Cushing OK 350
C19 | Borger Odessa TX Borger TX 118
C20 | Plains Midland X Cushing OK 27
C21 | Amdel Midland X Houston X 310
C22 | Wood River Hartford IL St. Paul MN 90
C23 | Basin New Mexico NM Cushing oK 350
24 E;’Zreglz’le Platte MO | Wichita KS 145
C25 | West Texas Gulf | Port Arthur X Midland X 300
C26 | Trans Alaska Prudhoe Bay AK | Valdez AK 2,000
Pipeline System
C27 | Longhorn SanJuan NM Houston TX 225
C28 | Capline Saint James LA Patoka IL 1,175
cog | SPearhead Flanagan IL | Griffith IN 135
North
C30 | Ho-Ho Houston TX SaintJames | LA 300
C31 | Pegasus Patoka IL Nederland TX 96
C32 | Chicap Patoka IL Chicago IL 360
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Map | Crude Oil Origin Destination Max F'?W
Ke Pipeline . . Capacity
y | FIP City St City st (MBbl/d)

C33 | Mustang Chicago IL Patoka IL 100

C35 | Kiantone Buffalo NY Warren PA 74

c36 | NVestern McCamey TX | ElPaso X 100
Refining

C37 | White Cliffs Platteville co Cushing OK 150
Sunoco - . i

C38 Central West Corsicana X Wichita Falls | TX 180

Canadian Crude Oil Pipelines

Four major Canadian pipelines connect the hubs in Alberta, Canada with markets in the northern United
States (Figure 12). These are the Enbridge Mainline, the Kinder Morgan Trans Mountain pipeline, the
Kinder Morgan Express pipeline, and the TransCanada Keystone Pipeline (which is distinct from the

proposed TransCanada Keystone XL Pipeline) (Table 6). Two additional pipelines, Spearhead and

Mustang, bring Canadian crude deeper into PADD Il. These pipelines have a combined capacity of nearly
4.0 MMBbI/d with plans to expand to over 5.4 MMBbl/d by 2017.

Table 6: Major Canadian Crude Pipelines

Origin Destination Max
Map | Crude Oil Flow
Key | Pipeline City City state | Capacity
(MBbl/d)
C1 | Express Hardisty CAN | Caspar WY 280
Transmountain -
C2 | Puget Sound Edmonton CAN | Puget Sound WA 300
System
C3 | Lakehead Edmonton CAN | Detroit Ml 2,500
(65) But'te-Brldger- Regina CAN | Guernsey WY 118
Plains
. Wood River, IL, 1,
C34 | Keystone Hardisty CAN Patoka, Cushing | OK 591
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Figure 12: Major Canadian Crude Oil Pipeline Systems
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Reorientation of U.S. Crude Pipelines

For several decades, the United States has imported large volumes of crude oil to replace declining
domestic crude oil production and meet the nation’s demand for refined products. The most significant
volumes of foreign oil imports were received in the Gulf of Mexico (PADD llI) and sent north by pipeline
to meet refinery demand in the Mid-Continent region. These major northward pipelines included
Capline, Seaway, and Mid-Valley. Imported oil was also received at East Coast and West Coast ports and
refineries.

2010 was a turning point in U.S. crude pipeline infrastructure. Domestic crude oil production increased
in the Bakken, ND and Eagle Ford, TX areas, and supplies of heavy synthetic crude oil increased from
Canada. Canadian-sourced heavy synthetic crude oil initially feeds U.S. northern refineries. Any excess
crude from the north that is not taken by these northern refineries flows onward into the Mid-Continent
to the major storage and distribution hubs at Cushing, OK and Patoka, IL.

Until the Seaway Pipeline reversal in 2012, the Exxon Pegasus, with a maximum capacity of 96 MBbl/d,
was the only pipeline able to bring Canadian crude to U.S. Gulf Coast refineries.'* With no additional
outbound capacity for excess crudes to flow into the Gulf Coast area, the excess crude was diverted into
the available storage capacity at the Cushing and Patoka terminals.

The options for northern bound imports and domestic crudes for penetration into the Northern Illinois
markets were also constrained by this new domestic and Canadian supply. As a result, the market price
of excess supplies accumulating at Cushing and Patoka, mostly Western Canadian Syncrude (WCS) and
Alberta Light crudes, became discounted to WTI, LLS, Maya, and Brent. The heavy WCS became almost
33 percent cheaper than the imported Maya crude and Alberta light was in 2013 approximately fifteen
percent cheaper than the Louisiana Light Sweet (LLS) crude.®

With the continued expansion of domestic resources and Canadian imports, new outlets for crude flows
were needed. Companies began searching for alternative ways to transport their crude from the Mid-
Continent to the Gulf Coast refineries, including pipeline expansions and reversals, and shipment by rail
in lieu of pipeline (to be discussed later).

The pipeline reversals and expansion efforts, started in 2012 and expected to continue through 2015,
are shown in Figure 13 and described below. A timeline of the planned reversals and expansions,
between 2012 and 2015, is provided in Figure 14. In the Figure, changes are color coded according to
the pipeline system affected.

o Seaway Reversal: Enbridge and Enterprise, the co-owners of the joint venture pipeline, reversed
the northbound pipeline in 2012 to bring crude from Cushing, OK to the Gulf Coast at Freeport,
Texas. Initial capacity was 150 MBbl/d. With additional pumping capacities added in January
2013, they then brought the pipeline to full capacity to 400 MBbl/d in 2013 (Figure 14). It is
currently undergoing a capacity expansion to 850 MBbl/d.
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Figure 13: Historical Pipeline Flows between PADD Il and PADD Il
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e Ho-Ho Reversal: Shell reversed the Houma-to-Houston (Ho-Ho) pipeline system in order to bring
crude from Houston, TX to Houma, LA. The system consists of two segments: the first between
Houston and Port Neches (capacity 250 MBbl/d) and the second between Port Neches and
Houma (360 MBbl/d capacity). In December 2013, Shell announced that they had completed the
second segment and a 500 MBbl/d line from Houma to the LOOP hub in Clovelly, LA. They are
planning an additional 300 MBbl/d segment to ferry crude from Houma to St. James. The
company intends to add pumping stations and increase daily capacity for the two segments
(Houston to Port Neches and Port Neches to Houma) by 50 MBbl and 15 MBbI respectively.
These expansions are expected to be completed in 2014."

o Gulf Coast Market Link: Owned by TransCanada, Market Link brings crude oil from Cushing, OK
to Houston, TX. The capacity of the pipeline is 700 MBbl/d and could be expanded to 830
MBbl/d. Market Link began delivering crude in January 2014 and is projected to have an average
delivery rate of 525 MBbl/d in 2014. Market Link is the southern leg of TransCanada’s proposed
Keystone XL pipeline project.

e Longhorn Reversal: In early 2013, Magellan reversed its Longhorn pipeline system between
Houston and El Paso, TX. The reversed pipeline brings crude from Crane, TX to the Houston
refineries. The initial capacity of the pipeline was to be 135 MBbl/d. Due to high demand, the
full capacity of the pipeline of 225 MBbl/d was reached before May 2013. Magellan has
announced another potential expansion, 50 MBbl/d that would be completed mid-2014.

e Seaway Extension to ECHO Terminal: Enterprise Products Partners LP completed a new oil
pipeline connecting the recently reversed Seaway Pipeline and the Houston refineries in the
second half of 2013. Specifically, the new connection line originated at the Jones Creek, TX,
terminal at the end of the Seaway line and extended to Enterprise's ECHO terminal on the
Houston Ship Channel.

e Flanagan South: Enbridge is currently constructing the Flanagan South Pipeline Project, a 600-
mile, 36-inch diameter interstate crude oil pipeline with a capacity of 600 MBbl/d. It originates
in Flanagan, IL and terminates at the Cushing hub in Oklahoma. The pipeline was designed to
parallel Enbridge’s existing Spearhead crude oil pipeline right-of-way. The pipeline was expected
to enter service in 2014.*

e Enbridge Southern Access: Enbridge is constructing the Southern Access Extension pipeline. The
165-mile, 24-inch diameter pipeline will transport 300 MBbl/d of crude oil from Pontiac, IL, at
Enbridge’s Flanagan Terminal where it will receive crude oil from Enbridge’s Lakehead System,
to Patoka, IL. The anticipated in-service date for the pipeline is in the second quarter of 2015.

e BridgeTex Pipeline: The BridgeTex pipeline is a new crude oil pipeline that will be operational in
2014, connecting Colorado City to Houston via the Magellan East Houston Terminal with a
capacity of 300 MBbl/d. During the second quarter of 2014, BridgeTex Pipeline Company, LLC
started filling terminals at Colorado City, Texas as a pre-requisite for the line becoming
operational in the third quarter of 2014The 450 miles of newly constructed pipeline transfers
crude into Magellan’s Houston distribution system, which includes the bi-directional West
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Columbia Pipeline and connecting to the Ho-Ho line and the Magellan distribution
interconnects. The interconnects allow connectivity to all the Houston Refiners. The company is
owned by Magellan Midstream Partners and Occidental Petroleum Corporation.

e Canadian Pipelines: The Canadian pipelines bringing crude to the U.S., including Trans
Mountain, Line 69, Line 61, Line 9, and Line 9b, are all increasing capacity to accommodate
growth in the Canadian Qil Sands production and to facilitate delivery of the Western Canadian
Syncrude to markets in the United States.

Other proposed pipelines, still being planned, would bring additional crude to major refining centers in
the Gulf Coast region. Descriptions of these projects are provided below.

e Westward Ho: Shell is building a 226 mile pipeline, the Westward Ho, between St. James, LA
and Port Arthur, TX to add westward capacity following the reversal of the Ho-Ho pipeline.
Westward Ho would have an initial capacity of 300 MBbl/d and be expandable to 900 MBbl/d.
The pipeline is expected to start carrying offshore Gulf of Mexico production starting in 2015.

e ECHO to Port Arthur: Enterprise is anticipating extending the Seaway Lateral, currently
transporting crude from Jones Creek to the ECHO terminal, to the Beaumont/Port Arthur area
via a 30-inch pipeline. This project, with a capacity of 750 MBbl/d, is expected to be completed
in 2014.%

e Keystone XL: The proposed Keystone XL pipeline would bring crude oil from Hardisty, Alberta
(Western Canada) to the Gulf Coast. Since its inception, TransCanada has divided the system
into three separate project segments. The expected in-service data of each segment is early
2015.

o The first segment would bring crude from Hardisty, Canada to Cushing, OK. The capacity
of this pipeline is 830 MBbl/d.

o The second segment is the Keystone Market Link between Cushing, OK and Port Arthur,
TX. Capacity of this segment is 700 MBbl/d. This segment has been completed and
started service in 2014.

o The third segment is the Houston Lateral which will bring 130 MBbl/d of crude from
Liberty, TX to the Houston area.

o Eastern Gulf Crude Access Pipeline: The Eastern Gulf Crude Access Project (EGCAP) will be
capable of transporting up to 420 MBbl/d of Bakken crude oil from the Patoka Hub in Illinois
directly to refinery markets along the Mississippi River and the Louisiana Gulf Coast, including
the crude oil terminal hub in St. James, LA. The project, jointly owned by Enbridge and Energy
Transfer Partners, includes converting approximately 574 miles of various segments of Trunk
Line Gas Company’s existing 30-inch natural gas pipeline between lllinois and Louisiana from
natural gas service to crude oil transportation service.

e Additionally, EGCAP intends to construct approximately 40 miles of new 30-inch pipeline in
Illinois, from the Patoka Hub to a point in Wayne County, IL, at the northern end of the trunk
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line 30-inch pipeline that is to be converted to crude oil service. In Louisiana, EGCAP will
construct approximately 160 miles of 30-inch diameter pipeline to the crude oil terminal hub in
St. James, LA.Y This project, which would transport Bakken crude to the Gulf Coast in mid-2015,
may be threatened by the glut of light sweet crude in the Gulf.

Figure 14: Timeline of Crude Oil Pipeline Projects
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Seaway Pipeline
Reversal: Cushing, OK to
Freeport, TX 150 MBbl/d

Seaway Pipeline
Reversal: Cushing, OK to
Freeport, TX 400 MBbl/d

Seaway Pipeline
Reversal: Cushing, OK to
Freeport, TX 850 MBbl/d

Enbridge Southern
Access: Pontiac, IL to
Flanagan, IL 300 MBbl/d

Shell Ho-Ho Reversal:
Houston to Port Neches,
250 MBbl/d

Port Neches to Houma,
360 MBbl/d

Houma to LOOP, 300
MBbl/d

Magellan Longhorn
Reversal: Crane to
Houston & Texas City
225 MBbl/d

Shell Ho-Ho Reversal:
Houston to Port Neches,
300 MBbl/d

Port Neches to Houma,
375 MBbl/d

Westward Ho: St.
James, LA to Port
Arthur, TX 300 MBbl/d
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Houston & Texas City
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OK to Port Arthur, TX
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Patoka, IL to St. James,
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Gulf of Mexico Crude Oil and Natural Gas Pipelines

Several major pipelines, with a combined capacity of 4.35 MMBDbI/d, supply crude oil from the U.S. Gulf
of Mexico to PADD Il (Figure 15):

Mardi Gras System

The Mardi Gras system lies in the Mississippi Canyon and Green Canyon areas of the Gulf of Mexico
(GOM). In the southern Green Canyon area, pipelines transport gas and oil from the Mad Dog, Holstein
and Atlantis fields. Operated by BP, the system consists of 450 miles of pipelines from five pipelines
systems in water depths of 4,300 to 7,200 ft. According to BP, Mardi Gras is the largest capacity
deepwater pipeline system in the Gulf of Mexico, with the capability of transporting over 1 MMBbI/d of
oil and 1.5 Bcf/d of natural gas. The components of the Mardi Gras system include:

e Caesar Oil Pipeline System: The Caesar Qil Pipeline System in the southern Green Canyon Area
includes a trunkline from the Holstein spar to a shallow-water platform at Ship Shoal Block 332
in 430 ft. of water. A lateral pipeline from the Mad Dog spar ties into the Caesar pipeline and
another lateral pipeline from the Atlantis semi-submersible facility ties into the Mad Dog lateral.
The capacity of the pipeline is 450 MBbl/d.

e Cleopatra Gas Gathering System: The Cleopatra Gas Gathering System, also in the southern
Green Canyon Area, is similar in configuration to the Caesar Qil line, consisting of a trunkline
from the Holstein spar to the Ship Shoal facility, with laterals from Mad Dog and Atlantis tying
in. The capacity of the pipeline is 500 MMcf/d.

e Proteus Oil Pipeline System: In the Mississippi Canyon Area, the Proteus Oil Pipeline System
begins with a catenary riser at Thunder Horse and transitions to a larger diameter trunkline to a
new-build shallow-water platform at South Pass Block 89E in 400 ft. of water. The capacity of
the pipeline is 580 MBbl/d.

e Endymion Oil Pipeline System: The Endymion system connects the Mississippi Canyon area to
the LOOP Clovelly terminal. The capacity of the pipeline is 750 MBbl/d.

e Okeanos Gas Gathering System: Also in Mississippi Canyon, the Okeanos Gas Gathering System
consists of a lateral from Thunder Horse plus the main trunkline, which starts at NaKika and
terminates at the Destin shallow-water platform on Main Pass Block 260. The capacity of the
pipeline is 1.0 Bcf/d.

Mars Pipeline

The Mars Pipeline originates in the Walker Ridge, Green Canyon, and Mississippi Canyon areas in the
Gulf of Mexico and delivers crude to Chevron’s Fourchon Terminal and the LOOP Clovelly Terminal. The
capacity of the pipeline is 600 MBbl/d.
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Figure 15: Select Platforms and Pipelines in the Gulf of Mexico
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The Cameron Highway (CHOPS)

The Cameron Offshore Petroleum Highway (CHOPS) is a deepwater crude oil transport system with a
capacity of 600 MBbl/d. It stands as the longest offshore oil pipeline in the U.S., measuring in excess of
374 miles. CHOPS was first to bring multiple production streams from the Louisiana Gulf to the main
hubs of Texas City and Port Arthur, Texas, U.S. Starting at block 332 hub it receives oil from the Holstein,
Mad Dog, Atlantis, Constitution and Ticonderoga fields. The network consists of a gathering platform on
Ship Shoal 332. Valero Energy and Enterprise Products Partners (Enterprise) indirectly owned 50% of the
pipeline. In November 2010, Genesis Energy bought Valero Energy's 50% interest in the pipeline.

e Origins: The system originates at the Ship Shoal 332 A/B Hub as a 30" diameter pipeline, extends
across the GB 72 platform and then splits into two 24" diameter pipelines at the High Island A5-
C platform. One 24" leg terminates in Texas City, TX, while the second terminates in Port Arthur,
TX.

e Destinations: CHOPS connects directly to three (3) Texas City area refineries, but also provides
access to the Beaumont, Baytown, Cushing, Patoka and Houston markets though the multiple
terminal connections.

High Island Offshore System (HIPS)

HIPS is a natural gas pipeline system that gathers gas in the offshore Gulf of Mexico and brings it into
ANR Pipeline's eastern leg and the Enbridge Offshore Pipeline system. The offshore portion of HIPS
receives crude from multiple platforms in the High Island, East Breaks, Galveston, Garden Banks, and
West Cameron areas.

The Louisiana Offshore Oil Port (LOOP)

LOOP is the single largest point of entry for waterborne crude oil coming into the U.S. Organized in 1972
as a Delaware corporation, LOOP LLC and converted to a limited liability company in 1996. Marathon
Pipe Line LLC, Valero Terminaling and Distribution Company, and Shell Oil Company are the owners.
LOOP is the only port in the U.S. capable of offloading deep draft tankers known as Ultra Large Crude
Carriers (ULCC) and Very Large Crude Carriers (VLCC). Along with offloading crude from ULCCs and
VLCCs, LOOP also offloads smaller tankers. The system receives and stores crude oil from three sources:

e Tankers carrying foreign and domestic crude oil
e Domestic crude oil produced in the Gulf of Mexico or barged from Corpus Christi and
e The Houston to Houma (Ho-Ho) Pipeline.

The port consists of three single-point mooring buoys used for the offloading of crude tankers and a
marine terminal consisting of a two-level pumping platform and a three-level control platform. The
onshore Clovelly oil storage facility, located twenty-five miles inland, is connected to the port complex
by a 48-inch diameter pipeline.
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The Clovelly facility provides interim storage for crude oil before it is delivered via connecting pipelines
to refineries on the Gulf Coast and in the Midwest. The oil is stored in eight underground caverns
leached out of a naturally occurring salt dome, which are capable of storing approximately 60 million
barrels of crude oil. Since 1996, one cavern at Clovelly has been dedicated to the Mars stream coming in
from the deepwater GOM, which uses the same distribution system as foreign crude oil shippers. In
addition, LOOP has an above-ground tank farm consisting of fifteen 600 MBbl barrel tanks.

Three pipelines connect the onshore storage facility to refineries in Louisiana and along the Gulf Coast.
LOOP also operates the 53-mile, 48-inch LOCAP pipeline that connects LOOP to Capline (40-inch) at St.
James, Louisiana.

Light oil produced from the Eagle Ford play in Texas is being shipped by rail or pipeline to the Port of
Corpus Christi. Two of Corpus Christi’s three refineries can only process heavy crude oil. Excess Eagle
Ford light oil is currently loaded on barges for transport to LOOP from which is transferred by pipeline to
other coastal refineries and pipeline systems.™®
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C. Petroleum Product Pipelines

Pipelines are the most common mode of long distance transportation for shipping refined products in
the United States. Nearly 4.56 million barrels of petroleum products were transported per day via inter-
PADD pipelines in 2013."

Products are shipped through pipelines in abutting batches that range in volume from 75,000 barrels to
3.2 million barrels. These batches are separated by a slug of “intermix.” The products are typically
sequenced as shown in Figure 16. While transported, the flow conditions inside the pipeline reduce the
mixing of the products. In the case of compatible products, such as regular and premium unleaded
gasoline, the mixed products are not separated from the products. However, when the products are
incompatible, such as high sulfur diesel and conventional regular gasoline, the intermix is separated
from the products, stored, and processed into a useful product. Additionally, dyes may be used to mark
the edges of the batches.”

Figure 16: Typical Product Batching Sequence

Typical sequence in which products
are batched while in transit on Colonial System
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M Compatible Interfaces @ Reformulated Regular Gasoline
O Transmix
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Source: Colonial Pipeline Company

The vast majority of pipeline product movements were from PADD Il to PADD | and PADD I1.”* Seventy-
five percent of all product pipeline movements originated in PADD lll. Of this 75%, approximately two-
thirds went to PADD | and one-third went to PADD Il. Table 7 presents a breakdown of the 2013 pipeline
movements.

As reported by EIA, the shell storage capacity of the product pipelines is 94.7 million barrels. The
products currently in the pipelines are required for operations and are not available in the case of an
emergency.

United States Fuel Resiliency: Volume | — U.S. Fuels Supply Infrastructure 41



Table 7: Product Pipeline Movements Between PADDs (MBbl/d)

To
PADD | PADD II PADD Il PADD IV PADD V TOTAL

PADD | 296 - - - 296
PADD I 48 336 100 - 484

£ PADD llI 2,610 674 - 139 3,423
'-E'-’ PADD IV - 157 156 41 354
PADD V - - - 0
TOTAL 2,658 1,127 492 100 180 4,556

Major Product Pipeline Systems

Four major product pipeline systems originate in the Gulf Coast region and provide products to the East

Coast and Midwest regions. These four systems transport the majority of all U.S. refined products that

area transported via pipelines. One major pipeline system moves products on the West Coast. These

systems are shown in Figure 17 and described in Table 8, below.

Table 8: Major U.S. Refined Product Pipelines (2013)

Map | Product Origin Destination Max Flow
ioeli Capacity
Key | Pipeline City State | City/Region | St | (mBbl/d)
P1 Southern Lights Manhattan IL Edmonton CAN 92
NuStar Central . Various TXN
P2 West Amarillo X MCO 551
P3 Plantation Baton Rouge LA Washington DC 600
P4 Centennial Beaumont X Bourbon IL 210
P5 Seminole Billings MT Casper wy 100
Midwest/Mid
-Continent
. (TX, KS, OK,
P6 Magellan Midland X AR, Co, MO, NA
IL, 1A, WI,
MN, SD, ND)
Arkansas City Jamestown
P7 NuStar East KS ND 48.4
ubtar=as and Others and Others
NORCO
i L B 1
P8 (Buckeye) Chicago I Green Bay Wi 66
Marath
pg | arathon PADD Il East PADD Il East 787
System
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Map | Product Origin Destination Max Flow
ioeli Capacity
Key | Pipeline City State | City/Region | St | (mBbl/d)
P10 | West Shore Hammond IL Green Bay i 414
P11 | Wolverine Chicago Area IL Bay City M 350
P12 | SFPP West Colton CA Phoenix AZ 128
P13 | CALNEV Colton CA Las Vegas NV 156
Linden NY
P14 | Buckeye (Colonial NJ East Coast 345
Pipeline) PA
P15 | Magellan El Paso X Midland X NA
P16 | Olympic Blaine WA Portland OR 315
P17 | Central NuStar Houston X Port Isabel TX 45
P18 | Colonial Houston X Linden NJ 100
Sacramento Fresno &
P1 F i A A 1
9 (SEPP North) San Francisco C Others C 55
Tesoro
P20 | Northwest Salt Lake City uT Spokane WA 84
Products
P21 | CENEX Laurel MT Fargo ND 40
NY
Harbor Line Ml 180
East Coast
P22 | Newark Line Linden NJ OH
Midwest
Sunoco System PA
NJ
P23 | TEPPCO Midland X Rock Springs TX NA
P24 | Magellan Houston ™ Midland ™ 24
Odessa
P25 | TEPPCO Port Arthur X Albany NY 330
P26 | Explorer Port Arthur X Hammond IN 660
P27 | MagellanS. Odessa TX El Paso TX 64
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Figure 17: Major U.S. Product Pipeline Systems
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Colonial Pipeline System

The Colonial Pipeline connects the refineries in the Gulf Coast with product markets in the Southeast
and along the East Coast. The pipeline originates in the Gulf Coast and is connected to refineries in
Houston, Beaumont, Port Arthur, Lake Charles, Krotz Spring, and Baton Rouge; it terminates at the
Colonial Terminal at Linden, NJ where it transfers products into the Buckeye Pipeline System.

The Colonial Pipeline (Figure 18) serves major markets across the Southeast and along the East Coast.
These include major product terminals at Memphis and Nashville, TN; Atlanta, GA; Greensboro, NC;
Norfolk and Fairfax, VA; Baltimore, MD; and Paulsboro and Linden in NJ. In addition, the Colonial
Pipeline is directly connected to the Nashville, TN; Hartsfield, GA; Charlotte-Douglas, NC; Raleigh-
Durham, NC; Dulles, VA; and BWI, MD airports.

For much of its length, the pipeline consists of four lines. Two lines (1 and 2) originate in the Gulf Coast
and end at the major storage terminal in Greensboro, NC. The other two (lines 3 and 4) extend from
Greensboro north to Linden, NJ via Washington, D.C., and Philadelphia, PA. They become a source for
the Intra Harbor Transfer (IHT) system operated by Colonial. The capacity and products carried by each
line are:

e Line 1: 1.3 MMBBbI/d of gasoline
e Line 2: 1.1 MMBbI/d of distillate and jet fuel
e Line 3: 0.7 MMBbI/d of gasoline and middle distillates

e Line 4: 0.44 MMBbl/d of gasoline and middle distillates

Intra Harbor Transfer (IHT): At Linden, NJ, Colonial operates the Intra-Harbor Transfer system. The IHT is
a major product distribution point providing more than 30% of the products required in New York City
and the entire Northeast region. Colonial Lines 3 and 4 terminate at the Colonial Linden Junction. Nine
outgoing pipelines, three of which are bi-directional, are connected to terminals along the Arthur Kill

waterway, in New Jersey, and in New York (Figure 19):

e Line 1: Connected to the Center Oil, Motiva, SUN, and Getty terminals in Newark, NJ;

e Line 2: Connected to the Federal terminal in Elizabeth, NJ as well as the Hess and BP terminals in
Newark, NJ. In addition, line 2 is connected to the IMTT terminal in Bayonne, NJ;

e Line 3: Connected to the Gulf and Buckeye terminals in Linden, NJ. This is one of the routes by which
products are received by the Buckeye pipeline system;

e Line 4: Connected to the Citgo and Buckeye terminals in Linden, NJ. This is the second pipeline
connecting the Colonial and Buckeye pipeline systems;

e Line 6: Connected to the BP/Amoco and Kinder Morgan terminals in Carteret, NJ;

e Line 7: A bi-directional pipeline connected to the BP/Amoco and Kinder Morgan terminals in
Carteret, NJ;
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Figure 18: Colonial Pipeline System
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Figure 19: Intra Harbor Transfer System
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e Line 8: Connected to the NuStar Rack and NuStar terminal in Linden, NJ as well as the Phillips 66 and
NuStar terminals in Tremley Point, NJ;

e Line 9: Provides bi-directional connection to the Hess terminal in Port Reading, NJ and uni-
directional connection to the Kinder Morgan terminal in Staten Island, NY; and

e Line 10: Provides bi-directional connection to the Motiva Sewaren, Buckeye Perth Amboy, Kinder
Morgan Perth Amboy, and Hess 1° Reserve in NJ.

In total, 23 terminals and facilities are connected to the Colonial Linden Junction via the IHT.

Buckeye System

Buckeye is the major product pipeline serving New York City and upstate New York (Figure 20).
Buckeye’s Linden, NJ Terminal is configured to receive products from the Phillips 66 Linden refinery,
Colonial lines 3 and 4 of the IHT, Harbor pipeline, and marine terminals along the Arthur Kill. The
Buckeye system has two major segments, both of which originate in Linden, NJ.

e The first segment provides products to Long Island and Inwood, NY and provides jet fuel directly
to the Newark-NJ, JFK, and LaGuardia Airports.

e The second segment travels west to Macungie, PA before turning north to supply markets in
upstate New York. These markets include major cities such as Binghamton, Syracuse, Utica,
Rochester, and Buffalo.

Figure 20: Buckeye New York Harbor Area Operations
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Plantation Pipeline System (Kinder Morgan)

The Plantation Pipeline, operated and partially owned by Kinder Morgan, originates in Baton Rouge, LA
and Pascagoula, MS. It runs largely parallel to the Colonial Pipeline and terminates in Newington, VA%
Plantation serves major markets in the Southeast. These include Birmingham and Montgomery in AL;
Knoxville, TN; Roanoke and Richmond in VA; and Washington D.C. It is also provides surface and aviation
fuels to the Atlanta, Charlotte, Dulles, and Washington National Airports.

The system consists of two lines with a combined capacity of 600 MBbl/d. The first line terminates in
Greensboro, NC; the other extends to Newington, VA. The system transports gasoline and distillates in
separate lines.

Explorer Pipeline System

The Explorer pipeline transports refined products to more than 70 major cities in 16 midcontinent
states. It originates in the Gulf Coast (PADD IIl) at Port Arthur, TX and terminates in Ardmore, OK and the
Chicago suburb of Hammond, IN. The Explorer pipeline consists of two lines and has a combined
capacity of 660 MBbl/d. Explorer’s 1,830-mile system begins with a 28-inch line in Port Arthur to Tulsa,
OK, and then changes to 24 inches into Hammond, IN. Its capacity is augmented with a 10-inch line
between Houston and Arlington, TX. Thirty-seven pump stations are located along the pipeline.

Major tankage terminals and markets are located in Port Arthur, Houston, Greenville, Arlington, and
Grapevine, TX; Glenpool, OK; Wood River, IL; and Hammond, IN. The pipeline transports gasoline, fuel
oil, jet fuel, and other products including refinery feedstock and diluent. **

TEPPCO and Centennial Pipelines

The TEPPCO Pipeline is a 3,420 mile pipeline system consisting of 3,102 miles of interstate pipeline and
318 miles of intrastate Texas pipelines. Refined products and certain NGLs are transported from the
upper Texas Gulf Coast to Seymour, IN and other points in the Midwest and Northeast. These markets
include Chicago, IL; Selkirk, IN; and near Philadelphia, PA. East of Todhunter, OH the pipeline is primarily
dedicated to NGL transportation. The TEPPCO pipeline system has a total of 18.2 MMBbI of storage at
terminals in Little Rock, AR; Shreveport, LA; Greensburg, PA; and, other markets.

In 2014, parts of the TEPPCO system were repurposed to accommodate the southbound delivery of
ethane to the Gulf Coast as part of the ATEX pipeline.

The Centennial pipeline travels 795 miles from Texas to Central lllinois. A major connected terminal is
located in Creal Springs, IL which contains 2.3 MMBbI of storage capacity.

Kinder Morgan - CALNEV Pipeline

CALNEV is a critical route as it provides the primary means of transporting products (gasoline, diesel,
and jet fuel) to the California high desert and to Nevada, including high population markets in the Las
Vegas area.”
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The CALNEV pipeline system transports refined products within PADD V, originating from Colton, CA and
extending to terminals in Barstow, CA, and Las Vegas, NV. It is also supplies aviation and other fuels to
the strategically important Nellis Air Force Base and Edwards Air Force Base and to the McCarran
International Airport.

The system consists of two pipelines. The first has an 8-inch diameter; the second has a 14-inch
diameter. The current capacity of the system is 156 MBbl/d.

In 2012, plans were made to expand the capacity of the pipeline system to 200 MBbl/d through the
expansion of existing lines and the construction of a new 16-inch pipeline between Colton, CA and Las
Vegas, NV.
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D. Petroleum Ports

Despite declining seaborne crude oil imports, U.S. ports continue to be very important import facilities
for crude oil and petroleum products. The U.S. Army Corps of Engineers (USACE) database identifies 334
major coastal and inland crude and product ports in the United States (Figure 22).” There are 68 crude
oil ports and 266 product ports across the United States. Many of these ports transit both crude oil and

refined products.

Crude oil and product ports are found in all PADDs, with the exception of PADD IV (Rockies). For safety
and logistical reasons, oil and refined product ports and terminals are usually located away from ports
and facilities handling other non-petroleum cargoes. The majority are coastal ports (232) that facilitate
imports of crude oil and products or refined product exports. Of the coastal ports, 57 are crude ports
and 175 are products ports. Of the 102 inland ports, 11 are crude oil ports and 91 are product ports.
These inland ports are accessible via the navigable U.S. waterways.

The regional distribution of these ports is shown in Figure 21. Of the 68 crude ports, 42 are located in
PADD lll, of which 30 are located in the Gulf Coast Louisiana region and 12 are located in the Gulf Coast
Texas region. Conversely, 114 of the 266 product ports are located on the East Coast in PADD | to serve
these major consumer markets.

Figure 21: Distribution of Petroleum Ports by PADD*
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Figure 22: Location of Major Petroleum Ports




E. Crude Transportation by Rail and Barge

Developments Necessitating Change

Production in the Eagle Ford (TX) and Bakken (ND) regions has increased dramatically in recent years.
Bakken production has jumped from 130 MBbl/d in 2007 to over 1,000 MBbl/d at the beginning of 2014,
an increase of nearly 900%. Eagle Ford has shown even more remarkable growth in the same period,
hovering around 50 MBbl/d until 2010 and now producing 1,400 MBbl/d, nearly a 30-fold increase.’®
Texas and North Dakota are currently the top oil-producing states in the United States. (Figure 23)

Figure 23: Increasing Production in Bakken and Eagle Ford*
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New producing regions have relatively underdeveloped infrastructure or lack the pipeline capacity
necessary to keep pace with current extraction rates. This rapid growth has required the industry to
reconsider how to efficiently move oil from the fields to refineries. New pipeline construction requires
large investment, a lengthy regulatory process, and intensive construction.

Thus, at least for the time being, companies are turning to more flexible and easily-accessible modes of
transportation such as rail, barges, and tankers to bring produced oil and condensate to market. As a

result, these shipping methods, once a prominent feature of the oil industry, are currently experiencing
a renaissance.
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Crude by Rail

Historically, railroads were once the backbone of the U.S. oil industry. As the industrial giants of the 19"
century, rail companies were quick to lay tracks into the oil-producing regions of the day and carry crude
to the coasts in tank cars encasing large wooden barrels.”’” In the twentieth century, pipelines emerged
as the dominant means of oil transport and rail was all but abandoned. With the new oil boom, many
producers have taken advantage of the existing railway network to bypass the pipeline and hub
congestion that has been caused by increased oil production coming out of Bakken. This congestion
forced many producers to make a judgment call whether to face the highly-undesirable prospect of
discounting their crude or turn to rail to as a secondary, albeit slightly more costly, option instead of
pipeline transfer. Where rail shipments of oil were almost non-existent a decade ago, they now make up
a substantial percentage (11%) of total crude domestic shipments (by volume). Rail now transports as
much as 75% of the crude coming out of Bakken (Figure 24).”®

Figure 24: Carloads of Crude Oil on Class | Railroads*
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Infrastructure and Renewal

More than 560 freight railroads operate in the United States. However, just seven “Class I” railroads
account for 69 percent of freight rail mileage.” Together with non-Class | (short line and regional)
railroads, the U.S. railroad system operates 140,000 miles of tracks (Figure 25). Much of this capacity is
available to transport crude oil into refining markets. From 1980 through 2012, $525 billion was invested
on renewal, maintenance, and expansion of infrastructure and equipment on these rail lines.

United States Fuel Resiliency: Volume | — U.S. Fuels Supply Infrastructure 54



Figure 25: Class | Freight Railroads of the United States
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A rail tank car holds about 30,000 gallons (714 barrels) of crude oil. In the first three quarters of 2013,
299,652 carloads of crude oil were shipped on U.S. railways. This translates to approximately 784
MBbl/d barrels per day moving by rail, or about 11 percent of U.S. domestic crude oil production. This
upward trend in the use of rail to transport crude may continue, even with the competition of pipeline
expansions. By 2015 there will be 113 rail terminals handling crude with an upload capacity of over 2
MMBbI/d (Appendix B.3).

The incentive to move crude by rail originated in North Dakota at the beginning of the Bakken oil boom
when the region was short on pipeline capacity and experiencing rapid production growth. As oil
production from the Bakken (PADD Il WEST) play quickly increased, and pipeline bottlenecks and
chokepoints developed, it became apparent to producers that rail loading and shipping facilities for
crude oil transport would be faster and cheaper to construct and expand, and could serve a broader
range of markets, than oil pipelines. Upstream producer EOG spearheaded the Stanley rail project to
move its oil directly to the terminal at St. James, LA. This allowed EOG to avoid steep pricing discounts
and gain greater control over the transportation of its oil production.

As uploading facilities in North Dakota continued to expand, oil-to-rail uploading capacity in the North
Dakota region reached to 1,130 MBbl/d in 2013, and is expected to reach 1,590 MBbl/d by 2015. Figure
26 shows the location of new oil to rail uploading terminals that have been constructed to transport oil
from the Bakken producing area.

In Texas, multiple rail loading locations in the Eagle Ford oil producing areas now provide upload
capacity of 140 MBbl/d.

Today, rail offers multiple routes and destinations for shipment of crude oil from producing areas in the
north and west to refiners on the coasts (Figure 27). This increasingly popular mode of transport for
Bakken crude is evidenced by sharply increasing refinery receipts of Bakken crude by rail along the
coasts. Gulf Coast (PADD lll) refineries in particular, have experienced a nine-fold increase in receipts by
rail from ten years ago, while the East (PADD 1) and West (PADD V) coasts have more than tripled the
amount of crude-by-rail they receive. In 2012, PADD | refineries received nearly six MMBbI, PADD Il
received over 12 MMBbI, and PADD V received over 10 MMBDblI by rail.*°
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Figure 26: New Oil to Rail Terminal and Uploading Facilities in Bakken Area (PADD Il West)
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Figure 27: Major Crude by Rail Routes from PADD Il West to East Coast, Gulf Coast, and West Coast
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Rail-to-Barge

Not all refineries are connected to the rail network. However, many refineries located on the coasts
were designed to receive waterborne shipments, making rail-barge combinations a very effective option
while refineries await the construction of rail terminals (as Tesoro did for its Anacortes, WA refinery) or
pipelines. Increasingly, rail is being used in conjunction with barges to deliver crude to refineries,
particularly to move Bakken crude oil to the coastal refineries.

The East Coast (PADD I) receives crude by rail at the Port of Albany, NY for trans-loading to barges and
shipment to New Jersey refineries. The Philadelphia and Delaware area also now receives Bakken oil.
These rail-to-barge deliveries are expected to continue since East Coast pipeline capacity expansion will
be minimal in the coming years.

Gulf Coast refiners (PADD IIl) receive Bakken crude via trans-loading mostly from the Saint James
Terminal. As southern Mississippi River refiners incorporate the light crude from Bakken, their imports
of similar quality crude oil are decreasing.

West Coast refiners are also receiving a new share of Bakken production. Though crude oil is not yet
received by rail in California, the refineries in the Puget Sound area in Washington now also receive
crude by rail.

Rail offloading capacity in all areas is expected to at least double by 2015 (Figure 28).

Figure 28: Projected Rail Crude Oil Offloading Capacity in PADDs Receiving Bakken Crude
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Crude by Barge / Waterborne

Inland barges were used to transport oil on Pennsylvania’s Allegheny River as early as 1861.*' In the
following decades, pipelines and rail tank cars overtook barges as the preferred method of moving oil,
yet barge shipments continued to play a significant role until the early 1990’s, due to greater seaborne
imports.

During the same period, coastal shipping between U.S. ports has also declined due to lower demand, a
decline in Alaskan crude shipments to the west coast refineries, and greater reliance on international
imports and pipelines.*

This declining trend is rapidly reversing, however (Figure 29). Domestic shipment of crude oil by barge
has increased significantly, from under 50 million barrels in 2010 to over 200 million in 2013.** This
renaissance may be explained by several factors. The first and most important factor is the boom in
production of shale oil from the Bakken and Eagle Ford plays as extraction has surpassed pipeline
capacity and necessitated other modes of transport to avoid severe discounting.

Figure 29: Annual Domestic Refinery Receipts by Barge (1981-2013)
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Even in Eagle Ford (TX), an area easily connected to the pipeline network and refineries, production has
so outstripped pipeline capacities that crude oil is now barged from Corpus Christi to LOOP to be
offloaded into the underwater pipeline system for transit back to shore.** The Port of Corpus Christi has
expanded its docks, signaling that outbound crude may not be just a temporary solution (Figure 30).*
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Figure 30: Increases in Eagle Ford Outbound Crude from Corpus Christi
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A second reason for increased seaborne transport of crude oil by barge may be a result of the Qil
Pollution Act of 1990 (passed by Congress after the Valdez, AK oil spill), which required all single-hulled
vessels transporting crude oil in U.S. waters to be phased out by 2015. With the older ships made
obsolete through regulation, newer barge and tank vessels have been constructed which require less
maintenance, have greater capacity, and require less loading and offloading time. Articulated tug/barge
units (ATBs) have recently been developed and have proved to be faster and capable of carrying more
product than traditional coastal barges. Their appearance happily coincided with a demand for
alternative transportation out of the developing shale oil areas.*

Much of the growth in barge shipments has occurred on the Mississippi River. Canadian crude is shipped
by pipeline to lllinois and transferred to vessels for river transport to the Gulf Coast refineries.

Two other prominent routes are also being used, particularly for crude coming out of the Bakken region
(Figure 31). The first takes oil west by rail to either Anacortes, WA or to the Columbia River which
demarcates the border between Washington and Oregon. From these destinations the crude is moved
to barges which take it down the coast to the California refineries. These Bakken receipts have started to
offset the decline in tanker shipments from Alaska to West Coast.

The second route takes the oil east to Albany, NY by rail where it is similarly transferred to barges and
taken down Hudson River and along the coast to refineries in New Jersey, Pennsylvania, and Delaware.
As barge becomes a more viable alternative to transport crude, more and more refining firms are
building rail-to-barge terminals along the Mississippi River and the coasts.
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Figure 31 - Coastal and Inland Waterborne Transport Routes
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Inland Waterways and Lock Systems

Crude oil and petroleum products are currently transported along large portions of the 12,000 miles that
make up the country’s inland waterway system. This system includes 192 locks, the majority of which
are located on the Mississippi River and its tributaries, including the Ohio River. Oil and petroleum
products also traverse the Hudson, Columbia, and Illinois rivers, all of which also maintain lock systems.
Many of the locks and their chambers were built in the 1930’s and have not been updated since the
1950’s.

As of 2011, there were around 4,500 tank barges operating on the navigable inland waterways.? There
are also approximately 275 coastal tank barges, including the newer ATBs. All tank barges and ATBs
must now be double-hulled. Coastal tank barges can carry anywhere from 50-185,000 barrels while the
larger ATBs can carry over 320,000 barrels.*®

The Future of Barges as Infrastructure

Barge and coastal shipping has experienced a boom in recent years due to bottlenecks in pipeline
capacity brought on by increased production in the Bakken and Eagle Ford regions. With barge and
tanker utilization nearly at maximums, construction of new vessels will be required to continue the
growth or shippers will have to drop other commaodities in favor of petroleum.

Coastal barges and tankers are also undergoing a change in their shipping patterns. Coastal tankers have
been chartered by companies to move crude from the Gulf Coast to the East Coast.

Completion of the Panama Canal expansion in 2015, will allow for the shipment of oil from the Gulf to
the West Coast.
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F. Storage Systems

Crude Oil Terminals and Hubs

Crude oil terminals and hubs serve as collection, storage, and distribution points. Terminals may receive
crude oil by truck, tanker ship, or by pipeline from producers. Terminals generally store received crude
in above ground tanks. Terminals then distribute the stored crude to a dedicated refinery or send it by
pipeline to other downstream terminals or refiners. Some terminals serve as market hubs, acting as
both the physical and market connection between two or more crude oil pipelines.

A terminal’s shell storage capacity can be defined as the total physical volume of tank capacity at a given
terminal site. Working storage capacity is the maximum operable capacity of the storage tanks. Tanks
are not filled to the top. Further, the volume of the tank below the offtake valve is also not counted. So,
“working storage” capacity is usually approximately 90 percent of “shell storage” capacity. Utilization is
measured as the filled percentage of a tank’s working capacity.

The United States has two major independent crude oil terminals, the Cushing, Oklahoma hub area in
PADD Il and the Louisiana Offshore Oil Port (LOOP) in PADD IIl (GCLA). Other crude oil terminals and
storage facilities are associated with ports or refineries.

Cushing, Oklahoma

Cushing, OK is the market hub for West Texas Intermediate (WTI) crude. Historically, the terminals at
Cushing have received crude oil from producers in West Texas, the Permian Basin, the Mid-Continent,
and PADD IV producers in the Rockies (Figure 32). Cushing also receives light oil and heavy synthetic
crude from producers in the Bakken and Canada.

Figure 32: Crude Oil Storage Facilities in Cushing, Oklahoma
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Cushing is directly connected to eleven refineries in Oklahoma, Kansas, and the northern Texas
Panhandle. The operable capacity for these refineries is 1,150 MBbl/d.*

The Cushing Terminal is comprised of a network of nearly two-dozen pipelines and 10 storage terminals,
several with major pipeline manifolds. At the core of the system are the Enterprise and Enbridge storage
facilities and their associated pipeline manifolds which are the physical interconnections and metering
points linking these vital systems.

Based on data provided by pipeline and storage terminal operators, NYMEX estimated that flows of
crude oil to Cushing ranged from 1.125 to 1.275 MMBbl/d in the years leading up to 2013.%° These flows
were carried by the inbound pipelines listed in Table 9.

Table 9: Cushing Inbound Pipelines (2013)

Incoming Capacity (MBbl/d) Owner Estimated flows (MBbl/d)
Keystone 590 TransCanada 200 to 225
Basin 450 Plains 400 to 440
Occidental 120 Occidental 100 to 120
Spearhead 240 Enbridge 120 to 140
White Cliffs 70 Sem Group 65 to 70
Plains Oklahoma 100 Plains 90 to 100
Cherokee 50 Plains 40to 50
Ark City 30 Sem Group 25t0 30
MV Magellan 30 Sem Group 25to0 30
Midcontinent 50 Sunoco 45to 50
2013 Subtotal 1,730 1,100 to 1,255
Rail Receipts 15-20
2013 Total Inbound ~1,747

Source: CME Group, 2014

Enbridge is planning to construct the Flanagan South Pipeline from Flanagan, IL to Cushing, OK. When
that pipeline is completed, it will add 600 MBbl/d of additional inbound capacity to the market hub.

Cushing also receives Bakken crude via rail. In 2013, Cushing terminals received between 15 and 20
MBbl/d of crude oil by rail (out of 90 MBbl/d of capacity). The rail capacity is set to expand to
approximately 130 MBbl/d in 2014 when the Sovereign Development rail terminal in Ardmore, OK is set
to begin operations (Table 10).
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Table 10: Planned Inbound Capacity Expansion at Cushing

Incoming Capacity (MBbl/d) Owner Estimated flows (MBbl/d)
Flanagan South 600 Enbridge
Rail 115 Sovereign
Development
Total Planned 715

Outbound crude oil pipelines (Table 11), are connected to local refineries and other crude hubs in Illinois
and the Texas Gulf Coast.

Table 11: Cushing Outbound Pipelines (2013)

Outbound Capacity (MBbl/d) Owner Destination
Seaway 400 Enterprise Jones Creek, TX
BP 200 BP Chicago, IL
Centurion 60 Occidental Multiple
Ozark 225 Enbridge Wood River, IL
Osage 135 Magellan / NCRA | El Dorado, KS
Plains 125 Plains All America | Coffeyville, KS
ConocoPhillips 102 ConocoPhillips Ponca City, OK
ConocoPhillips 53 ConocoPhillips Borger, TX
Red River 30 Plains All America | Multiple
Sun 55 Sunoco Tulsa, OK
West Tulsa 50 Enbridge Tulsa, OK
Eagle 20 Blue Knight Ardmore, OK
Total 1,455

Source: CME Group, 2014

In 2013, there was 1.455 MMBDbI/d of outbound capacity. That number is expected to increase in the
near future. Two projects were completed in 2014: the Seaway Expansion (450 MBbl/d to Jones Creek,
TX) and the TransCanada Gulf Coast Market Link Project (700 MBbl/d to Nederland, TX). An additional
project, the TransCanada Gulf Coast Keystone Expansion/Spur (130 MBbl/d to Houston, TX), is expected
to be completed in 2015. At that time, the outbound crude oil capacity will reach 2.735 MMBbI/d and
exceed the inbound crude capacity of 2.33 MMBbI/d. Historically, the inbound pipeline and rail capacity
has exceeded the outbound pipeline capacity.

The shell storage capacity at Cushing was 80 MMBbI in September 2013, of which 77.3 MMBbI was
operable. Working crude oil storage capacity at the Cushing storage and trading hub was 65.74 MMBbI
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on September 30, 2013, an increase of 3.84 MMBbI (6%) from the previous year. However, utilization of
working storage capacity on September 30, 2013 was 49%, a significant decrease from the 63%
utilization that was observed in September 2012.** The recent drawdown of stocks at Cushing resulted
from several factors:

e The startup of TransCanada's Cushing Market Link pipeline, which is now moving crude oil from
Cushing to the U.S. Gulf Coast.

e Sustained high crude oil runs at refineries in Midwest and Gulf Coast districts, which are partially
supplied from Cushing.

e Seaway Pipeline reversal, now flowing south instead of north, has created increased capacity to
move crude from Cushing to the Gulf Coast (PADD lll) refineries.

e Expanded pipeline infrastructure and railroad shipments that have made it possible for crude oil
to bypass Cushing storage and move directly to refining centers on the East Coast, Gulf Coast,
and West Coasts.

Previous high inventory levels at Cushing were symptomatic of transportation constraints and resulted
in WTI trading at a discount relative to comparable grades of crude oil beginning in early 2011. Growing
volumes of U.S. crude oil production, along with a higher level of imports from Canada, helped
contribute to the record levels of inventories at Cushing. However, increased shipments to the Gulf
Coast of Bakken and Eagle Ford tight oil by rail and new pipeline capacity from Seaway, are now
alleviating some of the storage demand at Cushing.

Louisiana Offshore Oil Port (LOOP)

The Louisiana Offshore Qil Port, situated in the Gulf of Mexico, plays a very important role in meeting
the nation’s energy needs. LOOP is the single largest point of entry for waterborne crude oil coming into
the U.S. It is the only port in the U.S. capable of offloading deep draft tankers known as Ultra Large
Crude Carriers (ULCC) and Very Large Crude Carriers (VLCC). Along with offloading crude from ULCCs and
VLCCs, LOOP also offloads smaller tankers. LOOP has offloaded over 11 billion barrels of foreign and
domestically produced crude oil since its inception. Imports have declined in recent years, but LOOP still
plays a key role.

LOOP receives and temporarily stores crude oil supplies from three sources:

e Tankers carrying foreign and domestic crude oil;
e Domestic crude oil produced in the Gulf of Mexico; and

e The Houston to Houma (Ho-Ho) Pipeline, which moves domestic crude produced in the U.S. and
the Gulf of Mexico.

The port consists of three single-point mooring buoys used for the offloading of crude tankers and a
marine terminal consisting of a two-level pumping platform and a three-level control platform. The
Clovelly onshore oil storage facility, located twenty-five miles inland, is connected to the LOOP port
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complex by a 48-inch diameter pipeline. The Clovelly facility provides interim storage for crude oil
before it is delivered via connecting pipelines to refineries on the Gulf Coast and in the Midwest.

The oil is stored in eight underground caverns leached out of a naturally occurring salt dome, which are
capable of storing approximately 60 million barrels of crude oil. Since 1996, one cavern has been
dedicated to the Mars stream coming in from the deepwater GOM, which uses the same distribution
system as foreign sources. In addition, LOOP has an above-ground tank farm consisting of fifteen 600
MBbI barrel tanks. Three pipelines connect the onshore storage facility to refineries in Louisiana and
along the Gulf Coast. LOOP also operates the 53-mile, 48-inch LOCAP pipeline that connects LOOP to
Capline at St. James, LA. Capline is a 40-inch pipeline that transports crude oil to several Midwest
refineries (Figures 33 - 35).%

Figure 33: LOOP Sources and Distribution Systems to U.S. Refineries
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As show in Figure 35, LOOP’s connectivity to Capline and other pipelines allows it to ship crude oil not
only to a range of Gulf Coast refiners, but also to refineries and markets along the Mississippi river in
PADD lll and to refineries in the Midwest and Appalachian areas in PADD II.

LOOP’s Regional Connectivity

According to LOOP LLC, LOOP offers the management of connecting carrier facilities through full-time
operatorship. The LOCAP pipeline, operated by LOOP, connects the LOOP Clovelly storage facility to St.
James, LA, 54 miles to the North. The St. James terminal facility has eight breakout tanks with over 2.6
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MMBDbI of storage capacity situated on 140 acres of land. The 48-inch diameter LOCAP pipeline has a
throughput capacity of 1.7 MMBDbl/d and can expand to 2.4 MMBbl/d.

Crude oil arriving at the St. James terminal can be dispatched to any one of four local refineries serving
Louisiana and Texas:

e The Motiva refinery in Convent, LA,

o The refinery in Garyville, LA,

e The ExxonMobil refinery in Baton Rouge, LA; and
e The Placid refinery in Port Allen, LA

In addition, crude oil arriving at the St. James terminal can also be dispatched to other pipeline systems,
transmitting more than 50 percent of the nation’s refining capacity to refineries throughout the
Midwest and as far north as Canada including:

e Capline, to Patoka, lllinois;

e The ExxonMobil Pipeline Northline;

e The Red Stick Pipeline to Bayou Choctaw (Strategic Petroleum Reserve site);
e The Shell Sugarland terminal;

e The NuStar St. James terminal; and

e The Plains St. James terminal.

LOOP also created specific storage facilities for the exclusive warehousing of Mars and Thunder Horse
crude oil. Within hours of a request, LOOP can send these supplies to the customer’s choice of

destinations.®

Figure 34: LOOP Onshore Salt Cavern Storage Facilities at Clovelly, LA
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Figure 35: LOOP Crude Oil Storage Tanks at Clovelly, LA

Source: LOOP LLC

Other Crude Oil Storage Facilities

Other than Cushing, OK and LOOP, most industry crude oil storage and terminal facilities are associated
with refineries or refining centers. As of September 2013, U.S. refineries maintained a total crude oil
Shell Storage Capacity of 177.7 million barrels, of which 7.4 million barrels of capacity was idle.
Refineries had a total Working Crude Oil Storage Capacity of 145.4 million barrels. These facilities
contained total stocks of 90.8 million barrels, resulting in a utilization rate of 62% of working storage
capacity (Table 12).

The nation’s other crude oil terminals (excluding the Strategic Petroleum Reserve (SPR), Cushing, and
LOOP) have combined additional shell storage capacity of approximately 283 million barrels, and crude
oil storage working capacity of approximately 234 million barrels of crude oil.

Table 12: Crude Oil Shell Storage and Working Storage Capacity at U.S. Refineries (September 2013)

Shell Storage Capacity . .

. Working Storage Capacity

PADD (In Operation)

(MBbl)
(MBbI)

| 17,334 15,154
| 21,870 17,952
1} 86,629 72,858
v 4,655 4,109
\' 39,839 35,324
Total 170,327 145,397
Oil in Storage 90,778
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Product Terminals

Product Terminals receive, store, and distribute refined products (such as motor gasoline, distillate,
kerosene, jet fuel, residual fuel oil, and asphalt and road oils) as well as ethanol, biodiesel, and other
blending stocks. In the United States, 1,414 terminals have a combined storage capacity of nearly

1,110.8 MMBbl and a total working storage capacity of 961.4 MMBDbI (Table 13 and Figure 36).*

Table 13: Petroleum Product Terminals and Storage Capacity at U.S. Refineries (September 2013)

PADD | No. of Terminals | Total Shell Capacity (MBbl) | Total Working Capacity (MBbI)
| 444 278,360 245,034

1 447 216,736 184,682
1l 277 527,821 454,206
v 48 10,607 9,499
vV 198 77,240 67,949
Total 1,414 1,110,764 961,370

Crude oil and refined product storage terminals are dispersed throughout the country. Terminal
volumes and the slate of products stored vary by terminal and region.

Figure 37 shows that natural gas liquids (NGLs), liquefied petroleum gases (LPG), motor gasoline, and
distillate fuel oil account for 80% of the petroleum products in storage.

e The volume of motor gasoline stored in in each PADD varies relative to population, consumer
demand, seasonal variation and other factors.

e NGLs and LPG are primarily stored in PADD Ill due to the large number of refineries and
processing plants located there.

e Distillate fuel is primarily located in PADD | and PADD II. Residual fuel oil is concentrated in
PADDs | and .
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Figure 36: U.S. Crude Oil and Product Storage Terminals
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Figure 37: Breakdown of Product Storage Capacity at Bulk Terminals (MBbl)
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Emergency Reserves
Strategic Petroleum Reserves

The Energy Policy and Conservation Act (EPCA)* provided for the creation of a Strategic Petroleum
Reserve (SPR) for the storage of up to 1 billion barrels of petroleum products, to reduce the impact of
disruptions in supplies of petroleum products, to carry out obligations of the United States under the
international energy program, and for other purposes. The U.S. created the SPR as a stockpile of
petroleum necessary to carry out its treaty obligations to maintain 90 days of net imports.

The idea for a national emergency stockpile of crude oil goes back to at least World War Il when it was
proposed by the Secretary of the Interior Harold Ickes. The idea gained momentum following such key
events as the Suez Crisis. The Oil Embargo of 1973-74 cemented the decision to finally implement the
plan. President Ford formally established the SPR with the passage of EPCA on Dec. 22, 1975. The Act
made it official policy to establish and maintain a reserve. Over the next few years, salt caverns along
the Gulf Coast were chosen and first filled on July 21, 1977 with 412,000 barrels of Saudi Arabian light
crude.

Purchases totaling 591.7 million barrels were completed by the end of 1994. However, beginning in FY
1995 until January 2009, direct purchase of crude oil was suspended in order to devote budget
resources to refurbishing the SPR equipment and extending the life of the complex through at least the
first quarter of the 21st century.

Fill was resumed in 1999 using a joint initiative between the Departments of Energy and the Interior to
supply royalty oil from Federal offshore tracts to the SPR. This arrangement is known as the Royalty-in-
Kind (RIK) program and continued in phases from 1999 through 2009, when the Department of the
Interior (DOI) discontinued its RIK program.

The first direct purchase of crude oil since 1994 was conducted in January 2009 using revenues available
from the 2005 Hurricane Katrina emergency sale. DOE purchased 10.7 million barrels at a cost of $553
million.* In 2010, the SPR reached its full capacity of 727 million barrels for the first time ever. The SPR
now consists of 62 large storage caverns in underground salt dome formations located at four sites in
Texas and Louisiana along the Gulf Coast (Tables 14 and 15). Approximately 99% of the stored oil is
available for sale and delivery. The current SPR crude storage inventory is 691 million barrels, following a
test sale and drawdown that was conducted in the spring of 2014.

As of May 2014, the SPR holds the equivalent of 94 days of import protection (based on
2012 net petroleum imports). The SPR storage sites are connected to refineries through a network of
local pipelines, interstate pipelines, and marine terminals (Figure 39). In total, the four SPR sites are
connected to 24 refineries in the Gulf Coast that collectively comprise 34% of U.S. refining capacity.
These refineries imported 2.4 million barrels per day of crude oil in 2013. The SPR sites are connected to
five marine terminals with a combined waterborne distribution capability of 2.5 million barrels per day.
The SPR’s four storage facilities: Bryan Mound, Big Hill, West Hackberry, and Bayou Choctaw, are served
by three major systems for crude oil distribution: Seaway, Texoma, and Capline (Table 15).
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Table 14: SPR Facilities, Capacities, Inventory and Drawdown Rates

S Drawdown
Storage Facility Capacity o oAt (o3 Ay Inventory
. Type Product Inventory | Inventory -~ Rate
& Location (MMBDbI) Total
(Sweet) (Sour) (MMBbI/d)
(MMBDbI)
Bryan Mound, | Salt Crude 254 64.4 176.3 2407 | 1.325
Freeport, TX Cavern
Big Hill, Winnie, | Salt Crude 171 67.8 95 163.8 1.1
TX Cavern
W. Hackberry, Salt
Hackberry, LA Cavern Crude 227 107.8 105 212 1.3
Bayou Choctaw, | Salt Crude 76 21.8 51.8 73.6 0.5
Plaquemine, LA Cavern
Total Crude 727 262 429 691 4.25

Source: Strategic Petroleum Reserves, 2014

Figure 39: Strategic Petroleum Reserve (SPR) Sites and Regional Pipeline Connectivity
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Table 15: Capacity of SPR Distribution Systems

Refinery Marine Inland Total
. s oo .| %of SPR
SPR Sites Distribution | Distribution Distribution | Distribution q
System Served Capability Capability Capability Capability Dra;v town
ate
(MBbl/d) (MBbl/d) (MBbl/d) (MBbl/d)
Seaway Bryan Mound 1,146 700 0 1,846 135
Big Hill and
Texoma 1,542 1,375 60 3,017 112
W. Hackberry
Capline Bayou Choctaw 507 400 36 943 183
Total 3,195 2,475 96 5,764 131

Seaway System

Source: Strategic Petroleum Reserves

The Seaway pipeline (Figure 40) provides the Bryan Mound SPR facility with crude oil distribution
capability totaling 1.13 million barrels per day to nine Houston and Texas City refineries. It also provides
marine distribution capability totaling 700 MBbl/d via two marine terminals. With the recent reversal of
Seaway, it no longer provides distribution capabilities to inland refiners.

Figure 40: Seaway System
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Texoma System

The Texoma System (Figure 41) serves SPR’s Big Hill and West Hackberry sites, providing a total
distribution capacity of nearly 2.7 million barrels per day. It connects to 10 Beaumont (TX), Port Arthur
(TX) and Lake Charles (LA) refineries that collectively imported over 1.2 million barrels per day in 2013.
Texoma also connects to refineries in the Houma, LA area (via the Shell Pipeline) that imported 300
MBbl/d in 2013. Refinery distribution is expected to increase with the completion of the Motiva Refinery
expansion of 315 MBbl/d. Two terminals connected to Texoma provide marine distribution capabilities
of 1.375 million barrels per day. Texoma also provides distribution capabilities to inland refineries of
60,000 barrels per day via the MidValley pipeline to the Midwest (PADD lI) region.

Figure 41: Texoma System
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Capline System

The Capline System (Figure 42) serves the SPR Bayou Choctaw Site which has a drawdown rate of 515
MBbl/d. Via Capline, Bayou Choctaw is connected to five Lower Mississippi River refineries that
collectively imported 507 thousand barrels per day in 2013, a major share of Gulf Coast imports. A
marine terminal also provides 400 MBbl/d of distribution capacity. Capline also provides distribution
capabilities to inland refineries totaling 36 MBbl/d via the Capline pipeline to the Midwest (PADD II)
region.
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Figure 42: Capline System
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Northeast Home Heating Oil Reserve (NEHHOR)

The Northeast Home Heating Oil Reserve (NEHHOR) is located at two sites in Massachusetts and

Connecticut in PADD-IC. The facilities are industry-owned sites with storage capacity leased to the U.S.

Government (Table 16). NEHHOR was established in 2000 as a two million barrel supply of emergency

fuel oil for homes and businesses in the northeastern United States, a region heavily dependent upon

the use of heating oil. During 2011, the U.S. Department of Energy (DOE) converted the inventory of the

heating oil reserve from #2 high sulfur heating oil to cleaner burning ULSD. DOE also reduced the size of

the Reserve to one million barrels.

Table 16: NEHHOR Site Capacity and Drawdown (Source DOE 2014)

C t Max
Storage Facility Capacity urren Drawdown
. Type Product Inventory
& Location (MBbl) (MBbl) Rate
(MBbl/d)

Global, Revere, MA Steel Tanks ULSD 500 500 200
Hess, Groton, CT Steel Tanks ULSD 500 500 160
Total ULSD 1,000 1,000 360
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V. Natural Gas Storage, Transport and Distribution

The application of new directional drilling and advanced fracturing technologies has made production of
the nation’s substantial shale gas resources technically and economically viable. This technology shift
has changed the natural gas supply outlook of the United States from that of a net gas importer to a
self-sufficient market with significant gas export potential.

New shale gas production is occurring in numerous basins across the country, with the greatest volumes
being produced from the Marcellus and Utica shale formations in the Appalachian and Mid-Atlantic
states in PADDs | and Il. High volumes of associated gas are also being produced in conjunction with
increased domestic oil production.

The nation’s natural gas transportation, storage, and distribution infrastructure is expanding to keep
pace with the increased gas resource development. Gas processing capacity associated with shale gas
development has grown rapidly. In many regions, however, new natural gas gathering infrastructure
must be constructed to deliver gas from new production areas to processing, transmission and storage
facilities. The lack of sufficient infrastructure in many areas has caused gas development to slow or
production to be shut in, pending infrastructure development. This gap has affected development rates,
lease prices, and wellhead gas prices. These topics are discussed in greater detail below.

A. Regional Natural Gas Treatment and Processing Facilities

Major transportation pipelines impose restrictions on Figure 43: Natural Gas Processing Plant
the make-up of the natural gas that is allowed into the i

pipeline. A natural gas processing plant cleans raw
natural gas by separating impurities and various non-
methane hydrocarbons and fluids to produce 'pipeline
quality' dry natural gas. These plants also recover
natural gas liquids (NGLs) such as condensate, natural
gasoline and liquefied petroleum gas (LPG), and other
marketable byproducts, such as sulfur. Processing
natural gas to pipeline quality levels can be complex,
but usually involves four main processes to remove
impurities: oil and condensate removal; water
removal; separation of NGLs; and sulfur and carbon dioxide removal. An example is shown in Figure 43.

As of 2012, the United States had 516 natural gas processing plants located in 22 states (Figure 44) with
a combined plant capacity of 64,659 MMcf/d and average utilization of 68.6% (Table 17). Gas plants
vary in size ranging from less than 125 MMcf/d to over 1.2 Bcf/d. The largest gas processing plants are
found in Louisiana (PADD Il GCLA); near Chicago, IL (PADD ll); and in northwestern Colorado and
southwestern Wyoming in PADD IV.*” Concentrations of smaller gas processing plants are found
throughout the oil and gas producing regions of the nation, but particularly in PADDS II, Ill, and IV.

United States Fuel Resiliency: Volume | — U.S. Fuels Supply Infrastructure 79



Figure 44: Location and Capacity of Natural Gas Processing Plants (2012)
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Table 17: Natural Gas Processing Capacity by Sub-PADD (2012)

Plant Processin e e
a0 | subpaon | R ey | fmew | (en
(MMcf/d)

A - - - -

| B 10 369 222 60.1%
C 12 935 660 70.6%

East 18 733 249 34.0%

" KS/OK 74 6,739 4,980 73.9%
North 2 2,125 1,613 75.9%

West 13 507 342 67.5%

GCLA 75 15,119 8,469 56.0%

1l GCTX 58 8,918 6,790 76.1%
WTX/NM 129 12,552 9,693 77.2%

v ROCKIES 101 15,736 10,769 68.4%
\' WEST COAST 24 927 581 62.7%
Total 516 64,659 44,369 68.6%

Source: EIA, Natural Gas Annual Respondent Query System (EIA-757 Data through 2012)

Recent and Future Growth in Gas Processing Plant Capacity

Both “associated gas,” which is produced along with crude oil and “wet gas” which is produced from
shale gas operations, need to be processed and treated before they can be sold and injected into the
natural gas pipeline system. Volumetric growth in gas processing capacity is directly correlated with the
growth in oil and gas production and occurs in the same geographic areas as the oil or gas production
activity. The rapid growth in U.S. gas processing facilities and capacity is attributed primarily to the
rapidly increasing oil and natural gas production from shale formations. By 2016, Natural Gas Plant
processing capacity is expected to have grown by nearly 19,927 MMcf/d cubic feet/day just to meet the
growing processing needs associated with the growth in domestic shale gas and tight oil production.***
Between 2010 and 2016 more than 127 new gas processing plants or plant expansions associated with

shale gas development will have been completed (Figures 45 and 46).

e The growth in gas processing demand began in 2010 in PADD Il West to treat gas associated
with Bakken shale oil production.

e By 2012, new processing capacity was being added in PADD Il (GCTX and WTX/NM), throughout
PADD Il to accommodate Utica shale gas production, and in PADDs IB and IC to process the
burgeoning Marcellus shale gas production. As of the end of 2012, shale gas related natural gas
processing capacity had risen from 125 MMcf/d in 2010 to 4,273 MMcf/d.
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e Shale gas related processing capacity nearly tripled in 2013, primarily in PADD Il (GCTX and
WTX/NM), PADD Il East, and PADD IC, reaching 11,382 MM(cf/d.

Shale gas related gas processing capacity growth is expected to continue, increasing by another 8,545
MMcf/d to reach 19,127 MMcf/d by the end of 2016. Most of this future growth is expected in PADD llI
(GCTX) and in PADD I-B due to Marcellus gas production.

Natural Gas Liquids

Associated hydrocarbons, known as “natural gas liquids” (NGLs) can be very valuable by-products of
natural gas processing. NGLs include: ethane, propane, butane, iso-butane, and natural gasoline. These
NGLs are sold separately and have a variety of different uses, including enhancing oil recovery in oil
wells, raw material feedstocks for oil refineries or petrochemical plants, and as sources of energy. The
high fractions of NGLs contained in the wet gas produced from many shale gas formations has added

significant market value to the hydrocarbons produced and improved revenues and return on
investment from these projects.

Figure 45: Shale Gas Related Gas Processing Plant Capacity Growth
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Figure 46: Natural Gas Plant Capacity Growth from Shale Gas Production Growth (2010-2016)
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NGL Storage Capacity

Table 18: NGL Storage at Natural Gas Processing Plants (2012)

PaDD | subpapp | PV CUCIREE | N
A - -
' B - 17
¢ - 29
EAST - -
| KS/OK 29 141
NORTH ] >03
WEST ] 2,033
GCLA - 255
n GCTX 1 577
WTX/NM 3 1,400
v ROCKIES 149 p—s
V| WEST COAST _ p
Total 181 5,468

NGL storage capacity has increased along with gas processing capacity. Table 18 shows dry gas and NGL
storage capacity by PADD and Sub-PADD at the end of 2012. Depending on the shale play and
production area, varying amounts of NGL are being produced. For instance, in the Eagle Ford area, the
NGL yield may range from as little as 5 percent to as much as 23 percent. *° NGL storage capacity will
continue to grow through 2015 along with the growth in shale gas related Gas Processing Plant capacity.
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B. Natural Gas Pipeline Infrastructure

With 315,000 miles of transmission pipeline and a combined state-by-state outflow transmission
capacity of approximately 443 Bcf/d, the U.S. natural gas pipeline network is complex, integrated, and
capable of transporting gas to most regions of the country.”® These transmission pipelines support many
more miles of regional distribution pipelines that deliver gas directly to end-users. Overall, there are
approximately 210 of these pipeline systems (Figure 47).>* Table 19 provides more extensive details on
these pipelines.

Pipeline Systems

Natural gas pipelines are configured around trunk/transmission lines which transfer large volumes of gas
from the production and underground storage areas to the local distribution systems that serve major
markets. There are 26 major market hubs/distribution points in the country.>

A major characteristic of the natural gas market in the U.S. is fluctuation in demand between low
periods in the warm summer months, and high periods in the cold winter months. The pipeline system is
designed to transfer natural gas to storage during the warm off-peak months and move the gas to
market during the cold peak months.>

Compressor stations along natural gas transmission lines keep the gas flowing at required pipeline
pressure. There are over 1,400 of these compressor stations on interstate pipelines, most of which are
controlled remotely by the pipeline operators.> Along with pipeline interconnects, these compression
stations form an integral part of pipeline infrastructure (Figure 48). The figure shows the locations of
compressor stations along the nation’s interstate gas transmission pipelines. Stations on intrastate lines
are not shown.

Pipelines may be further designated as either interstate or intrastate. Interstate pipelines consist of the
major trunk lines that move gas between states while intrastate pipelines connect regional markets to
the larger lines and make up about 29% of total mileage. There were roughly 215,000 miles of interstate
transmission lines and 90,000 intrastate transmission lines as of 2008.>°

The United States imports only a very small percentage of its natural gas supply, mostly from Canada.
The nation receives 94% of its natural gas imports via pipeline of which over 99% come from Canada. , it
is important to note that pipelines are also used to import and export natural gas from Canada and
Mexico along 40 entry and exit points. Many of these pipelines are able to reverse flow direction when
needed.” Six entry points receive 88% of all natural gas imports. The remainder comes via Liquefied
Natural Gas (LNG) tankers or other methods.
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Figure 47: Major Natural Gas Transmission Pipelines
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Figure 48: Natural Gas Pipeline Compressor Stations
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Table 19: Major Natural Gas Pipeline Systems

Total System
M N |
K:p Piat:l;':eGas Origin/Source Markets Served Capacity
e (Bef/d)
Algonquin Gas | Supplied by Texas Northeast markets (CT,
G1 | Transmission Eastern system in RI, MA); Connects to 2.6
Company New Jersey Maritimes & Northeast
ANR Pipeline _— .
G2 | Company (East | Gulf of Mexico Michigan and Ohio
markets
Leg) 50
ANR Pipeline . '
, Chicago area and
G3 | Company Anadarko Basin ) .
Wisconsin markets
(West Leg)
Supplied by El Paso
California Gas snsc'lc;-r:?snas'\clv'l?;tircnk
G4 | Transmission ¥ pock, Major California markets 3.1
o AZ and by the
Northwest Pipeline
at Malin, OR
Rocky Mountain and Eastern COIOr?dO
Colorado . (Colorado Springs,
G5 Anadarko Basin . 4.6
Interstate Gas ) Denver) and Wyoming
gasfields
markets
Ohio, West Virginia, and
Columbia Gas Appalachian Major Mid-Atlantic
. ) . markets (New Jersey,
G6 | Transmission gasfields, Columbia . 9.4
Corporation Gulf Pipeline Maryland, Pennsylvania,
P P Virginia, Washington
D.C)
West Texas, New Mexico
. and Arizona (Phoenix and
El Paso Pipeline >an Juan, Permian, Tucson); Connects to
G7 P and Anadarko o 6.2
System Basins Mojave Pipeline in
California to supply the
Bakersfield area
Florida Gas Alabama (Mobile) and
G8 | Transmission South Texas Florida (Jacksonville, 31
Company Orlando, Tampa, Miami)
Haynesville and
Gulf South Barnett shale plays, | Louisiana, Mississippi,
G9 | Pipeline Gulf of Mexico, Lake | Alabama, and Florida 6.9
Company Charles LNG Panhandle
terminal
Gulfstream
Natural Gas East Louisiana and Central Florida (Tampa
G10 . e 1.1
Pipeline Mississippi and Orlando)
Company
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Total System
M N |
K:p Piat;;':eGas Origin/Source Markets Served Capacity
e (Bcf/d)
. Wyoming and Utah | Salt Lake City, Las Vegas,
G11 | KernRiver Gas gas fields Bakersfield, CA 2:2
Natural Gas
G12 Plpellr\e of Permian Basin Chicago, IL
America
(Amarillo Line) 3.4
Natural Gas
Pipeline of Chicago area and
613 America (Gulf Gulf Coast Texas Northern Indiana
Coast Line)
Northern Permian and Upper-Midwest (IA, KS,
G14 | Natural Gas . NE, SD, W1, IL, Upper 5.5
Anadarko Basins .
Company Peninsula Ml)
Northwest
615 Pipeline . San Juan Basin Seattle, WA, West Coast 3.9
Corporation WA markets
(bi-directional)
Panhandle
616 Eéste.rn Anadarko Basin Midwest markets (IN, IL, )8
Pipeline OH)
Company
PNGTS/Mariti
G17 mes & . Westbrook, ME Boston area
Northeast Joint
Pipeline
0.2
Portland
Gig | NaturalGas ) o urg, NH Maine
Transmission
(PNGTS)
Questar Markets and Gas Hubs in
619 | Piveline Rocky Mountain Gas | Northeast UT, Northwest 55
P Fields CO, and Southern )
System .
Wyoming
h k
Southern Louisiana, Eastern (Sgil:;iiai[awqa;fitlanta
G20 | Natural Gas Texas, and Gulf of g P ! 3.4
Comban Mexico GA,; Jacksonwville, FL;
pany Savannah, GA)
621 ';iener;iens;ee Gas Gulf Coast Texas, Northeast markets (New 6.7
b Gulf of Mexico York City and Boston) '
Company
Midwest and
622 Texas Eastern South Texas and Appalachian markets; 35
Transmission Gulf of Mexico New York area; Supplies ’
the Algonquin Pipeline
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Total System
M N |
K:p Piat:l;':eGas Origin/Source Markets Served Capacity
e (Bcf/d)
Southeast, Mid-Atlantic,
Gulf of Mexico and and Northeastern
G23 | Transco South Texas markets; terminates in 10.2
New York City
Arizona and New Mexico
Transwestern Permian and San markets; Supplies
G24 | Pipeline . California Gas 2.4
Juan Basins .
Company Transmission and
Southern California Gas
625 WBI Energy Gas Fields in MT & Markets in ND, SD, WY, 05
System A% and UT ’
Wyoming North and Western | Connects to Cheyenne
G26 . . 3.34
Interstate Wyoming Hub in northern Colorado
Pipelines Supplied by Canadian Imports
Map | Natural Gas . . Destination/Markets VELE] Sys:tem
Ke Pieline Origin/Source Served Capacity
v | e (Bef/d)
Alliance Saskatchewan, .
G27 Pipeline Co Canada Chicago, IL L5
N MN
Great Lakes (C?:mzsc’iian Minnesota, Wisconsin,
G28 | Gas Michigan, and Eastern 2.2
. Import/Export
Transmission ) Canada
Point)
. Waddington, NY
Iroquois Gas .
. (Canadian
G29 | Transmission New York, NY 1.0
Compan Import/Export
pany Point)
-, Nova Scotia, Canada .
630 Maritimes & and Sable Island Coastal Maine and 08
Northeast . Boston
LNG terminal
Northwest Sumas, WA West coast Washington
Pipeline (Canadian and Oregon (Seattle,
G31 . . 3.9
Corporation Import/Export Olympia, Tacoma,
(bi-directional) | Point) Portland, Salem, Eugene)
Viking Gas (I\:Z(?a\:\is(;li';/lnN North Dakota,
G32 & . Minnesota, and Central 0.5
Transmission Import/Export . .
. Wisconsin
Point)
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Regional Pipeline Capacity and Flows

Natural gas pipeline systems are largely clustered in PADD’s Il and Il which account for over 70% of total
pipeline mileage and nearly 60% of total outflow capacity. Table 20 presents a detailed breakdown.

Overall, most natural gas flows originate from PADD llI, which also has over 50% of the nation’s gas
processing capacity. Of the 30 largest pipelines, 16 originate in the Gulf and four more indirectly rely on

supplies from the Gulf Coast region.*®

PADD II's pipeline mileage and capacity is largely a reflection of the region’s centralized geographic
location, its abundance of underground storage reservoirs, and its relatively cooler climate, and large
population which results in higher gas demand during both the peak winter heating and summer cooling

seasons.

Table 20: Pipeline Capacity and Mileage by PADD

Total Inflow OI:ftIZIw
PADD Sub PADD Capacity . Total Mileage
(MMcf/d) Capacity
(MMcf/d)
A 8,547 4,600 2,527
I B 44,222 34,443 17,247
C 38,494 29,856 22,764
EAST 36,057 27,204 26,568
KS/OK 16,678 23,820 27,548
! NORTH 88,505 72,842 48,604
WEST 7,867 7,105 3,777
GCLA 109,515 87,514 55,523
m GCTX 13,816 33,354 54,933
WTX/NM 6,834 9,467 6,534
v ROCKIES 30,108 40,786 23,582
Vv WEST COAST 33,533 19,627 24,450
CANADA 4,571 18,229 -
GULF OF MEXICO - 32,609 -
MEXICO 4,188 1,479 -
Totals 442,935 442,935 314,057

Source: NCSL, EIA*®
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Major Operators and Pipeline Systems

The top 30 companies control 72% of the interstate natural gas pipeline capacity.’ The top 10
companies controlled 50% of interstate mileage and 40% of total capacity in 2012 (Table 21).*

Table 21: Top 10 Ranked U.S. Interstate Natural Gas Pipeline Companies

Transmission Mileage By Volume Moved for Fee, MMcf
Rank Company Mileage | Rank Company Volume
1 | Northern Natural Gas Co. 14949 | 1 Z;arr;scont'”e”ta' GasPipeline | 5574200
2 Tennessee Gas Pipeline Co. 13,780 2 Tennessee Gas Pipeline Co. 2,626,030
3 El Paso Natural Gas Co. 10,234 3 ANR Pipeline Co. 1,838,505
4 Columbia Gas Transmission LLC 9,708 4 Texas Eastern Transmission LP 1,747,856
5 Texas Eastern Transmission LP 9,563 5 Natur.al Gas Pipeline Co. of 1,511,844
America
6 Transcontinental Gas Pipe Line 9,378 6 Columbia Gas Transmission 1,305,728
Corp. LLC
7 | Natural Gas Pipeline Co. of 8,911 | 7 | ElPaso Natural Gas Co. 1,159,154
America
8 | ANR Pipeline Co. gg99 | g |CenterPointEnergy Gas 1,143,552
Transmission Co.
9 Southern Natural Gas Co. 7,079 9 Gulf South Pipeline Co. LP 1,115,618
10 | Gulf South Pipeline Co. LP 6,484 10 Wyoming Interstate Co. Ltd 1,055,454
Total | 98,985 Total | 16,777,950
Part of all companies | 49.92% Part of all companies 39.14%
Top 10 totals-2011 | 100,673 Top 10 totals-2011 | 16,559,736

Source: Oil & Gas Journal, 2013

Some U.S. gas pipeline systems are owner operate, others are managed by operating companies under
contract to the owners. For Example, Kinder Morgan operates the Tennessee Gas Pipeline system, the El
Paso system, and the Natural Gas Pipeline of America. The systems discussed below are grouped by
owner or operator.

Kinder Morgan Operated Systems:

Tennessee Gas Pipeline: Kinder Morgan Energy Partners’ Tennessee Gas Pipeline transports gas from
the GOM to the Northeast as far as New Hampshire through nearly 14,000 miles of pipeline. The
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pipeline serves as the primary supplier to the Algonquin Pipeline, and together both pipelines serve as
the major supplier to the Northeast markets including Boston and New York.*

El Paso Natural Gas: Kinder Morgan’s El Paso Natural Gas Company operates over 10,000 miles of trunk
pipelines throughout the Permian Basin and serves the Southern California markets through their 500-
mile Mojave Pipeline.®

Natural Gas Pipeline Company of America: NGPCA also transports gas to the Midwest region. The
system originates in Texas, contains close to 9,000 miles of trunk lines, and terminates in Chicago,
serving as a major supplier to the metropolitan area.

Williams Companies Operated Systems:

Transco

The Transco pipeline, operated by Williams Companies, delivers natural gas from Gulf Coast Texas and
Louisiana to markets in the Southeast, Mid-Atlantic, and Northeast over 10,000 miles of pipeline
systems. Williams is currently developing a project that would modify the Transco pipeline to move gas
from north to south in response to increased production from shale plays in the Northeast.**

Owner Operated Systems

ANR Pipeline Company: ANR’s pipelines transport gas from the Texas/Oklahoma panhandle region and
the Gulf region to Midwest markets. They own approximately 9,000 miles of interstate trunk pipelines
and are currently owned by TransCanada.

Columbia Gas Transmission: Columbia Gas Transmission operates a network of pipelines almost 10,000

miles long serving markets in the Midwest, Mid-Atlantic, and Northeast. This system is fed by Columbia

Pipeline Group’s Gulf Transmission line which brings gas up from the Gulf Coast and into the Kentucky
. 65

region.

Gulf South: Gulf South operates a network of pipelines in the South and along the Gulf Coast, gathering
gas from the Haynesville and Barnett shale basins as well as from the Lake Charles, LA LNG import
terminal. The system further connects to other pipelines to deliver natural gas northward.®

Northern Natural Gas: The Northern Natural Gas pipeline system consists of nearly 15,000 miles of
pipeline and stretches from the Permian Basin to the Upper Midwest. The pipelines serve markets in
Nebraska, South Dakota, lowa, Minnesota, Wisconsin, and Michigan, and connect to most other
pipelines in the region.”’

Texas Eastern Transmission: Owned by Spectra, Texas Eastern Transmission delivers gas from Gulf Coast
Texas and Louisiana to Midwest and Northeast markets. It also connects and supplies the East
Tennessee Natural Gas and Algonquin pipelines.

Shifts in Use and Infrastructure Expansion

Natural gas trunk lines flow natural gas along 11 major corridors.®® In addition to four such corridors
importing gas from Canada, seven additional gas corridors serve the lower-48 states (Figure 49 and
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Table 22). However, the flow volumes and directions of these corridors are changing rapidly as the
Marcellus shale gas production in PADD | grows and the Haynesville shale gas production in PADD Il
declines.®”” As of early 2014, the flow of natural gas movements are beginning to reverse direction as
more gas is being sent south and west and less is being pipelined north.” This trend may be amplified by
the approval and construction of LNG export terminals in the Gulf.

As Marcellus gas production increases and begins to reverse direction and move south, the northeast is
struggling to meet gas demand. The region relies on imported gas coming from Canada, through the
LNG import terminal in Everett, MA and from southern supplies through the Algonquin and Tennessee
pipelines.”* Meanwhile, the Tennessee pipeline has expanded its capacity to deliver more Marcellus gas
to the New York market and helped to relieve backup from the shale play as production increases.”

The expansion in PADD | stands in stark contrast to pipeline construction in the rest of the country.
Natural gas pipeline expansion projects in 2012 were low compared to a decade of constant expansion.
Now nearly half of the expansion is occurring in the northeast region. Most of this growth looks to move
Marcellus gas to markets in PADD IA and I1B.”

Table 22: Major U.S. Natural Gas Pipeline Corridors

Map Key Gas Region of Origin Destination
1 PADD Il - Gulf of Mexico Southeastern States
2 PADD IlI - Gulf of Mexico Northeast States
3 PADD Il - Gulf of Mexico Midwest States
4 PADD Il - Permian Basin Midwest States
5 PADD Il - Permian Basin Western States
11 PADD IV - Rockies Midwest States
10 PADD IV - Rockies Western States
6 Western Canada Western States
7 Western Canada Midwest States
8 Western Canada Northeast States
9 Eastern Canada Northeast States

There is also considerable expansion occurring elsewhere in the natural gas pipeline system, albeit
mostly poised to take advantage of developments in Marcellus. Oil & Gas Journal notes that pipeline
construction has been declining in recent years but a number of projects look to start operations in the
next five years. These projects include:

e Enterprise’s expansion of its previously repurposed ATEX Express pipeline

e Williams and Kinder Morgan’s plans to move Marcellus and Utica shale gas to the Gulf
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e Sunoco’s plan to transfer Marcellus gas to the Atlantic coast for export’™

In total, expansion plans include 1,323 miles of natural gas pipeline expected to be constructed in 2014.
It is expected that more pipelines construction and capacity expansion will occur to improve
deliverability of increasing Marcellus and Utica shale gas production.”
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Figure 49: Major U.S. Natural Gas Corridors
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C. Underground Gas Storage

Underground storage is the primary means for storing natural gas. It is not only a crucial part of gas
infrastructure, but also a serves as a key economic tool in meeting the seasonal variation in natural gas
demand. Underground natural gas storage systems were established as a cost effective way to meet
high demand during winter without increasing pipeline capacity. The underground gas storage system is
increasingly important during the summer months to serve the needs of natural gas fired power plants
to meet electricity demands. U.S. underground gas storage facilities in 414 locations currently provide a
total field storage capacity of nearly 9 Tcf.

Underground gas storage facilities are of three types: aquifers, depleted oil and gas fields, and salt
caverns. Of the three types, depleted fields are most numerous, comprising four out of five (331)
facilities and contributing over 7 Tcf in capacity. Aquifers contribute 1.2 Tcf and salt caverns almost 0.7
Tcf.”

Two factors determine the volume of gas that can be delivered from a storage reservoir and at what
rate. A reservoir’s “working gas” capacity denotes how much of the stored gas is actually retrievable.
Underground storage reservoirs are pressurized. Some of the stored gas, known as “cushion gas” is
required to maintain a pressure threshold which will allow for extraction. So, while a reservoir might
contain gas, it becomes unrecoverable without enough pressure. The maximum daily delivery rate
indicates how quickly the gas can be extracted from the reservoir. This rate varies depending on the
reservoir type (Figure 50).

Figure 50 - Total vs. Working Gas Capacity by Reservoir Type
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The 414 reservoirs have a working gas capacity of 4.6 Tcf, with 3.7 Tcf from depleted fields, 0.37 Tcf
from aquifers, and 0.47 Tcf from salt caverns (Figure 52). Most working gas capacity is found in PADD Il
with 1.76 Tcf, followed by PADD Il at 1.2 Tcf, and PADD | with 0.84 Tcf.
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Underground natural gas storage reservoirs are predominantly located in areas that have markets
consuming large quantities of natural gas nearby (Midwest, Northeast) and along major pipeline routes
(Gulf Coast, Ohio Valley area) (Figure 51).

Each type of storage has advantages and disadvantages. Depleted field gas storage reservoirs are spread
throughout the United States. However, aquifers and salt caverns are regionally concentrated in PADD Il
NORTH and PADD IIl respectively.

The geology of these regions has allowed gas storage to expand into aquifers, caverns, and on rare
occasions, mine caverns. While depleted fields are ideal and easily converted for storage, the other
reservoir types face challenges. Aquifers require larger amounts of cushion gas and therefore have less
retrievable inventory at any given time, while salt caverns require greater initial investment to establish
a storage space. However, the use of salt caverns has grown in the past decades as initial investments
are recovered through savings on later extraction costs.”’

Figure 52 shows the working gas storage capacity by PADD and Table 23 shows a breakdown by storage
type.

United States Fuel Resiliency: Volume | — U.S. Fuels Supply Infrastructure 98



Figure 51: Locations of Underground Natural Gas Storage Reservoirs
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Figure 52: Working Gas Capacity by PADD (Bcf)
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Table 23: Working Gas Capacity by Reservoir by PADD (Bcf)

PADD Aquifer Depleted Field Salt Dome Grand Total
I 0.94 838.61 4.00 843.55
[! 339.78 1,422.15 2.53 1,764.47
il 0 750.51 466.73 1,217.25
v 1.78 359.90 0 361.69
Vv 24.60 364.81 0 389.41
Total 367.11 3,735.98 473.27 4,576.36
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D. Liquefied Natural Gas Terminals and Facilities

Natural gas, in its gaseous state, can only be transported in large volumes by pipeline. While small
volumes can be compressed and transported in cylinders, this is not economically viable for larger
volumes. Cryogenic liquefaction of natural gas into a liquid form allows large volumes to be stored and
transported over long distances that cannot be technically or economically served by pipelines.

Due to declining gas production and increasing gas demand, the United States has historically been a net
importer of LNG. Recently, however, the commercialization of U.S. tight gas and shale gas resources has
created an excess supply of gas that offers the opportunity to become a net LNG exporter.

Figure 53: Liquefied Natural Gas Tanker, Terminal, and Storage Facilities

LNG Receiving Terminal. Source: GE Energy

U.S. LNG Facilities
There are more than 110 LNG facilities operating in the U.S. performing a variety of services.

o LNG Storage: Most of the nation’s LNG facilities store liquefied natural gas for periods of peak
demand or pipeline gas supply interruption. These facilities are distributed across the nation and
are generally found near electric power stations.

e Transport / Industrial Use: There are also a more limited number of facilities that produce and
store LNG for vehicle fuel or for industrial use.
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e Import Terminals: Some LNG facilities (Figure 53 above) receive and provide natural gas supply
to the interstate pipeline system, local distribution companies, or dedicated power plants.
Recipients of LNG shipments require specialized terminals that can receive seaborne shipments
from LNG tankers, store the received LNG, re-gasify the LNG from liquid to gaseous form, and
pipe the reconstituted gas to the gas distribution system or to a dedicated end-user, such as a
power plant or petrochemical plant. (Some LNG terminals have the authority and facilities to be
both recipients and shippers of LNG).

e Export Terminals: Only a few LNG facilities export natural gas from the U.S. These facilities
require specialized terminals that can receive gas from the pipeline system in its gaseous form,
liquefy the gas by cryogenically reducing its temperature, store the produced LNG, and load the
LNG onto specialized LNG tanker ships for transport to intended recipients.

The continental United States currently has eleven LNG import / export terminals with capacity to
process 17 Bcf/d. Four facilities are in located in PADD | and seven are located in PADD Il (Table 24).
Two additional facilities are located in Kenai, Alaska and Penuelas, Puerto Rico (Figure 54). The Kenai
facility is a liquefaction facility that exports gas from Alaska. The Penuelas facility is a regasification plant
that imports LNG to fuel a major power plant that serves Puerto Rico.

Figure 54: Operating LNG Import and Export Terminals in the United States
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Table 24: U.S. LNG Import and Export Terminals

Import (I) | Export (E)
PADD Terminal Location Type Capacity Capacity Owner
(Bcf/d) (Bcf/d)
Everett, MA I 1.035 GDF SUEZ - DOMAC
Excelerate Energy —
1A ffsh Bost MA I .
Offshore Boston, 0.8 Northeast Gateway
Offshore Boston, MA I 0.4 GDF SUEZ — Neptune LNG
1B Cove Point, MD I 1.8 Dominion - Cove Point LNG
IC Elba Island, GA I 1.6 El Paso - Southern LNG
El Paso/ Crest/ Sonangol -
Pascagoula, MS I 1.5 Gulf LNG Energy LLC
W GCLA | Lake Charles, LA | 21 i;léthern Union - Trunkline
Sabine, LA I/E 4.0 4.0 | Cheniere/Sabine Pass LNG
Hackberry, LA I/E 1.8 1.8 | Sempra - Cameron LNG
Freeport, TX I/E 1.5 1.5 | Cheniere/Freeport LNG Dev
1 GCTX . ExxonMobil — Golden Pass
Sabine Pass, TX I 2.0 (Phase | & II)
Total 17.335 7.3

The increase in U.S. natural gas production and supply due to shale gas development has stimulated
numerous plans and proposals for new LNG facilities to facilitate transport of gas among domestic

markets and to export gas to markets in Europe and Asia.

Approved New LNG Terminal Projects

Five new LNG projects have been approved by the Federal Energy Regulatory Commission (FERC) or the
U.S. Coast Guard (MARAD), including expansion of one existing LNG import terminal, three new import
terminals, and one new LNG export terminal.”®

These new facilities will add 6.1 Bcf/d of LNG import capacity and 2.76 Bcf/d of LNG export capacity. The

locations of these projects are shown in Figure 55. The projects are described below.

Four approved import facilities are not yet under construction:
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1. Cheniere Energy’s Freeport LNG Dev. - 2.5 Figure 55: Locations of FERC Approved LNG
Bcf/d expansion in Freeport, TX (PADD llI Import/Export Terminal Projects
(GCTX) which is under the jurisdiction of
the Federal Energy Regulatory
Commission (FERC).

2. Main Pass McMoran’s 1.0 Bcf/d
expansion in the Gulf of Mexico, under
the jurisdiction of the U.S. Coast Guard
(MARAD).

3. Hoegh LNG’s Port Dolphin Energy project
1.2 Bcf/d offshore Florida LNG Project
(PADD IC), under the jurisdiction of the
U.S. Coast Guard (MARAD).

4. TORP Technology’s Bienville 1.4 Bcf/d
LNG import facility in the Gulf of Mexico,
also  under the jurisdiction of
USCG/MARAD.

One approved export project is under construction:

5. Cheniere Energy’s Sabine LNG Project, in Sabine, LA (PADD IIl GCLA) facility has been approved
and is under construction. The facility will add 2.76 Bcf/d of export capacity in PADD Ill (GCLA).

Proposed / Potential Terminal Projects

An additional 29 new facilities or facility expansions have been formally proposed to the FERC or the U.S.
Coast Guard, or have been announced as potential projects by their respective sponsors. These
proposed and potential facilities, if all were approved and constructed, could process an additional 38.3
Bcf/d of LNG gas.

e Twenty-five of the proposed/potential projects are liquefaction facilities for LNG export. These
terminals could export 35.52 Bcf/d of LNG if constructed (Table 25).

e The four proposed or potential import terminals would add 1.8 Bcf/d of LNG import capacity.”

The locations of the proposed and potential projects are shown in Figure 56. Details for all existing,
approved, and proposed or potential LNG terminal projects are provided in Appendices D.6-D.8.
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Table 25: FERC/MARAD Approved and Proposed LNG Import and Export Projects

Location FERC/MARAD Approved Projects Proposed/Potential Projects
Import Export Import Export
PADD | SubPADD | Projects | Capacity Capacity Projects | Capacity | Capacity
(Bef/d) | (Bet/a) (Bef/d) | (Bef/d)
A 2 0.9
| 1 0.82
C 1 1.2 1 0.35
GCLA 3 2.4 2.76 12 15.92
. GCTX 1 25 10 0.4 16.28
Vv WEST COAST 3 0.5 2.15
Total 5 6.1 2.76 29 1.8 35.52
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E. Propane Gas

Propane is a by-product of both oil refining and natural gas processing. Propane is primarily used as
residential heating fuel (40%) in markets not served by natural gas pipelines and as a feedstock in the
petrochemical industry (49%).2° It is also widely used for recreational cooking and heating purposes.
While domestic propane demand is not as strong as it was a decade ago, demand is growing overseas
where conventional gas supplies are limited or market prices are high relative to propane prices.®!

Production and Delivery

The propane industry’s infrastructure reflects its status as a by-product and its two primary uses,
residential heating and petrochemical feedstock. Whereas most propane was once produced as a
byproduct of petroleum refining, recent increases in natural gas production have resulted in the
majority of propane being produced in gas processing plants. The majority of propane production still
occurs in the Gulf Coast (PADD lll) (Figure 57). Propane is either stored underground or shipped directly
to petrochemical plants via pipeline where it is converted to propylene.

All propane is stored and transported in its liquid form because of its much smaller volume. For heating
fuel uses, propane is transferred through a network of pipelines and trucks to distribution centers for
delivery to consumers. According to the National Propane Gas Association, 75% of all propane is shipped
by some combination of pipeline and truck. The remainder is transported by barge, rail, pipeline, or a
combination thereof.®> More than 6,000 highway transport trucks carry propane volumes of 7,000-

12,000 gallons each. Another 36,500 smaller “bobtail” trucks can carry 1,000-5,000 gallons each.

Figure 57: Average Propane Production by PADD (2014%*)

PADD |
PADD's IV&V
166 MBbl/d 4 m;b'/ e
12%
PADD Il
263 MBbl/d
19%
PADD Il

837 MBbl/d

59%

*Through 4/18/2014
Source: EIA, Weekly Refiner and Blender Net Production 2014
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As with other NGLs, the demand for propane fluctuates seasonally (Figure 58). In the fall, propane is
shipped to the Midwest to help farmers dry their crops and in the winter, stocks are released to meet
heating demands in northern regions. Imports of propane to the Gulf of Mexico and production from
the refineries and processing plants are shipped north through natural gas pipelines to meet demand.

Nearly half the propane produced gets converted to propylene at a petrochemical plant, yet its primary
use is as a fuel for residential and commercial space heating, followed by other residential and
commercial uses like water heating and cooking. Therefore the volumes of propane stocks kept in
storage reservoirs and terminals oscillate between peaks in late summer and troughs in late winter,
being released to consumers when demand is highest. Likewise, petrochemical companies help to
mitigate this fluctuation by buying propane during the summer at lower prices and switching to other
gases like ethane and butane when prices rise.®

Figure 58: The Seasonal Fluctuation of Propane Stocks by PADD
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Recently the U.S. shifted from being a net propane importer to a net exporter (Figure 59). Increasing
natural gas production has in turn increased propane production, giving U.S. producers a competitive
edge to take advantage of favorable prices abroad. As a result, some pipeline operators have begun to
reverse the flow of propane south towards the Gulf for export to Central and South America and for use
in petrochemicals. This change has created market disruptions. During the harsh winter of 2013-14,
many northern and northeastern states encountered a shortage of propane supplies, forcing FERC to
order the TEPPCO pipeline to send propane north while New England began importing propane from
overseas.®
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Figure 59: U.S. Propane Exports vs. Imports by Month
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Propane Storage and Stocks
The Energy Information Administration identifies three storage categories for propane:

e Primary: storage associated with a refinery, plant, or pipeline hub. The primary storage sites are
often underground depleted mines and salt caverns. Several primary sites are concentrated near
Conway, Kansas (PADD Il KS/OK) and Mt. Belvieu, Texas (PADD Ill GCTX). These sites are
connected to the 70,000 miles of pipeline that transport propane throughout the United States.

e Secondary: tanks at retailers, and
e Tertiary: smaller tanks at residences.®

As mentioned above, propane stocks are clustered largely in PADD Il OK/KS and PADD Il GCTX at storage
sites near Conway, KS and Mont Belvieu, TX. These two sites are home to 14 facilities. Collectively, they
store about 75% of the nation’s total propane stock.?® Enterprise’s Mt. Belvieu storage facility alone
accounts for nearly a third of all stocks.

There are a total of 142 propane terminals located across the nation, including one in the U.S. Virgin
Islands. More than two-thirds of propane stocks are located in PADD Ill, slightly disproportionately
larger than the region’s share of production (~61%)?” as the Gulf Coast has many petrochemical plants
and serves as an export center for the gas (Figure 60). PADD Il contains the most facilities yet has only
surpassed PADD lll in stocks on rare brief occasions and has remained far below PADD Il levels in recent
years.
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Figure 60: Propane Stock Concentration by Sub-PADD
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Altogether, the level of propane stocks has remained fairly consistent and predictable over the past
decade and is mostly driven by weather (i.e. warmer winters seeing less fluctuation) and a reversal from
the country being a net importer to a net exporter. Moreover, there is an emerging regional competition
for propane between the Gulf Coast region and Northeast communities. Presently, this demand is
balanced by propane’s seasonal-specific uses as Gulf Coast (PADD lll) petrochemical feedstock in the
spring and summer, for Midwest (PADD Il) crop drying in late summer and fall, and for Midwest (PADD
I1) and Northeast (PADD I) home heating during the winter.

PADD | faces a unique challenge as its low stocks are disproportionately dwarfed by seasonal demand.
This mismatch is particularly true in New England (PADD IA) which maintains stocks at just two locations
(Providence, Rl and Newington, NH). These locations make up about 0.2% of total stocks (70 MBbl) yet
the region accounts for between 2.4% and 6.7% (15.2 MBbl/d and 73.3 MBbl/d) of consumption.®® The
winter of 2013-2014 exposed this vulnerability as the region faced severe shortages due to a
combination of increased exports and a moratorium on rail deliveries through Quebec following the Lac-
Megantic train derailment and explosion.*

Because of its use as a space heating fuel, propane also competes in a highly competitive market with
other sources like electricity, natural gas, and heating oil. One of propane’s advantages — its ability to
reach rural customers not connected to a gas distribution system often sees it competing directly with
heating oil and has led to some regional differences. In 2011 more than ten percent of homes relied on
either fuel for space heating with heating oil dominating the New England and Mid-Atlantic market
while propane was strongly preferred in the Midwest, South, and West. Analysts are monitoring
propane prices relative to heating oil and choices in new home construction to forecast propane’s future
as a residential heating source.”
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V1. Alternative Fuels

A. Ethanol and Biodiesel

Ethanol and biodiesel are two alternative fuels that have shown rapid production growth in recent
years. Much of this growth has been stimulated by government incentives, renewable fuel standard
mandates, and favorable market conditions (Figure 61). The Renewable Fuel Standard (RFS), established
in 2005 by the Energy Policy Act, requires ethanol to be blended with unleaded gasoline to serve as an
oxygenate. This mandate was expanded to include diesel in 2007.*

Figure 61: Biofuels Production (2005-2014)
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The Environmental Protection Agency (EPA) is required to set standards for the use of these alternatives
every year. The EPA will likely revise down its standards for 2014 as demand for gasoline looks stagnant.
Most fuels are blended to achieve an E10 ratio (10% ethanol, 90% conventional gasoline). Ethanol is also
used to make E85 (85% ethanol) blends for use in alternative and flex-fuel vehicles.

The most common method of producing ethanol is by fermentation of agricultural feedstocks, such as
corn or sugarcane, which have high sugar or starch content. Recently, a new process has been
developed that allows for the condensing of cellulosic materials, including forest waste, to produce
ethanol. For a range of technical, logistical, and economic reasons, production levels of cellulosic
ethanol have not yet achieved projected levels.”
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Biodiesel, which can be made from a variety of plant oils, has fewer impediments to its use.
Conventional diesel vehicles can consume a variety of biodiesel blends with no modification. Ethanol
and biodiesel production has increased steadily since 2005. However, they have experienced periods of
decline when tax incentives expired (Figure 63). Dips in biofuel production reflect the Biodiesel Tax
Credit expiring on Dec. 31, 2009, Dec. 31, 2011, and Dec. 31, 2013. It was retroactively extended the first
two times. A bill calling for a further extension was introduced into the Senate in February 2014 and has
been referred to committee.”

Ethanol Facilities

As of January 2014, U.S. ethanol is produced at 226 plants, 10 of which produce cellulosic ethanol.** The
remaining 216 are fermentation plants with far greater capacities. Fermentation ethanol plants are
predominately concentrated in the Midwest region (Figure 62) because of its proximity to corn
production. Another 10 plants are under construction and 31 have been proposed. Altogether it is
expected that 269 plants will in service within a few years, with a total capacity of around 15.6 BGyr.
Plants outside the Midwest typically receive corn by rail and are located near large markets for ethanol.

Ten cellulosic plants account for less than three percent of the total existing capacity of 13.9 BGyr. Since
production occurs near the feedstock production the farm belt area in PADD Il is the primary location for
ethanol. The area includes 107 facilities with half of having large capacities over 100 MMGyr.

e Fermentation ethanol is produced from crops and requires microbial (yeast) fermentation of
sugars, distillation, dehydration (requirements vary, see Ethanol fuel mixtures, below), and
denaturing.

e Cellulosic ethanol is produced from wood, grasses, or the inedible parts of plants.

The Renewable Fuels Association lists six ethanol plants that have combined planned expansion totaling
165 MGyr (Table 26).”

Table 26: Planned Ethanol Plant Expansions

PADD .

N plant cty | swte | Beansen
Il KS/OK Abengoa Bioenergy Corp Hugoton KS 25
11 KS/OK E Caruso Goodland s 20

(Goodland Energy Center)

IINORTH DuPont Nevad 1A 30
I NORTH POET-DSM Advanced Biofuels Emmetsburg IA 20
Il WEST Dakota Spirit AgEnergy LLC Spiritwood ND 65
v Dubay Biofuels Greenwood Greenwood wy 5
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Figure 62: Location of Ethanol Production Facilities
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Biodiesel Facilities

Biodiesel emerged as an alternative fuel in the past decade due to government initiatives promoting its
research and use. Biodiesel production was also helped by European laws that created large export
incentives for U.S. firms. Since the termination of these irregular incentives, biodiesel exports have
fallen. Domestic production and demand has steadily increased, but has experienced several
interruptions in production recently due to uncertainty over expiring tax incentives.” While Congress
retroactively extended tax credits to biodiesel producers that expired in 2008 and 2011, they have yet to
take the same action on the 2013 expiration.

The National Biodiesel Board lists 134 total biodiesel plants, however only 73 report any production
Figure 63). The total capacity of these plants is 954 million gallons per year. Production is largely
concentrated in PADD’s Il and V which have 52 percent of the plants and 76% of the capacity between
them (Figure 65).”” PADD IV produces very little biodiesel as the three plants only produce about two
million gallons (~0.2%) of fuel per year. The plants also vary considerably in capacity ranging from half a
million gallons per year to 100 million gallons. Most are at the lower end of the capacity range. Table 27
shows the biodiesel plant and capacity breakdown by PADD.

Table 27: Biodiesel Plants and Reported Capacity

PADD Sub PADD Plants ggﬁiﬂ:"p&'\gz;’r‘;
A 5 10
| B 6 74
C 13 54
EAST 5 117
’ KS/OK 2 32
NORTH 18 304
WEST 1 85
GCLA 3 75
I GCTX 2 13
WTX/NM 2 3
IV ROCKIES 2 2
v WEST COAST 14 186
Total 73 955

Source: National Biodiesel Board
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Figure 63: Location of Biodiesel Production Facilities
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B. Ethanol and Biodiesel by Rail

The three primary ways to transport ethanol and biodiesel are truck, rail and barge. Ethanol production
is concentrated in the Midwest region where much of the nation’s corn crop is grown. The major
markets for ethanol are on the East Coast, West Coast, and Gulf Coast Texas. Thus, large amounts of
ethanol are transported from production to consumption areas via rail. CSX alone has 27 uploading
facilities capable of delivering ethanol to 89 east coast terminals.”®

Rail is used for distribution above 300 miles, the Class | rail is the main transportation routes, like
ethanol. Railroads account for approximately 70 percent of ethanol transport. In 2011, U.S. railroads
delivered nearly 341,000 carloads of ethanol, up from 69,000 carloads in 2005.% Midwestern states —
led by lowa, Nebraska, South Dakota, and lllinois account for most rail ethanol originations. Texas, New
Jersey, and California are the top recipients of ethanol delivered by rail (Figure 64).

Figure 64: Ethanol by Rail Origins & Destinations
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Source: Association of American Railroads. "Railroads and Ethanol" April 2013

Ships are used to transport large amounts of biodiesel between continents, and pipelines are being
explored as a more efficient means of transporting fuel across land to major markets. Until pipeline
transportation is an option, the biodiesel industry will continue to rely on the rail and barge system to
transport its product long distances.

Non-Rail Transportation

According to the U.S. Department of Agriculture, 20% of ethanol transportation by truck. The remaining
10% is transported by barge or pipeline. A tanker truck can carry 8,000 to 10,000 gallons of ethanol.
Delivering ethanol by pipeline is difficult since it has an affinity for water and the solvent properties of
ethanol require use of a dedicated pipeline. While Kinder Morgan has experimented with delivering
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batches of ethanol via its Central Florida Pipeline, Magellan Midstream Partners abandoned its project

for a dedicated ethanol pipeline linking the Midwest and northeast, in 2011.'®

Biodiesel trucks hold 6,600 to 7,200 gallons, a railcar holds 23,000 to 26,000 gallons and barges hold
400,000 gallons.™ As each railcar on average holds four truckloads, each barge represents a volume of
15 railcars or 60 trucks making rail more affordable for long distances and truck for short. Unlike
ethanol, biodiesel facilities are smaller and use roughly 8 trains/carloads, verses unit trains of 100
carloads. Exporting facilities will often be on water, like the Mississippi river, and upload directly to a
barge.

Vulnerability

There is uncertainty whether the U.S. will remain a large net exporter of ethanol over the next several
years. Ethanol from other countries could central role in meeting global and regional demand for

ethanol.’®

However, the United States limits ethanol imports through a substantial tariff. Domestic
ethanol production, much of which is concentrated inland corn-producing regions, also faces rising costs
to transport ethanol to ports for export. > However, export demand for U.S. exports may remain strong
as Brazil has begun to export less ethanol and consume more.'® Further complicating this issue is the
uncertainty surrounding the RFS. If mandates are lowered, ethanol producers will be incentivized to
replace that lost domestic market demand with increased exports to foreign markets. Yet if the
dependency for blending stock grows, imports could be needed, increasing the vulnerabilities of

gasoline supplies to ethanol import disruption.
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VII. Fueling Stations

Fueling stations provide the end-market for petroleum products and they are the most numerous and
most localized part of the nation’s fuel supply infrastructure.

A. Conventional Fueling Stations (Motor Gasoline and Diesel)

Conventional gas station infrastructure is relatively unchanged in recent years. The number of gas
stations in operation at any given time and location varies with demand for gasoline and local price
competition. This demand is tightly linked to the economy as a whole.

According to the most recent U.S. Census Bureau data, there were 110,830 gas stations in the country,
in 2011. Table 28 shows their geographic distribution by sub-PADD.

Table 28: Summary of Gasoline Fueling Stations by PADD (2011)

. Vehicles Vehicles
PADD | SubPADD Gasoline Served Served /
Stations (Millions) Station
A 5,259 11.2 2,130
| B 12,753 32.7 2,564
C 22,332 42.0 1,881
EAST 9,794 20.8 2,124
KS/OK 2,959 5.7 1,926
! NORTH 19,699 41.1 2,086
WEST 1,031 1.7 1,648
GCLA 8,873 12.9 1,453
n GCTX 8,324 19.7 2,366
WTX/NM 2,855 1.7 595
v ROCKIES 3,932 9.9 2,518
\'} WEST COAST 13,019 44.9 3,449
Total 110,830 2443 2,204

Source: U.S. Census Bureau

The ratio of vehicles per gas station varies by sub-PADD ranging from around 1 station per 600 vehicles
to 1 station per 3,450 vehicles. PADD lll has the least vehicles per station, followed by PADD Il and PADD
I. Because, the western states (PADDs IV and V) have lower population densities per square mile, and
fueling station serves a greater number of vehicles as compared to other sub-PADDS.
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B. Unconventional Fueling Stations

Unlike conventional fueling stations, the number of alternative stations has seen strong growth in recent
years (Figure 65). As more and more alternative vehicles enter the market, fueling stations are needed
to service them. Also unlike conventional fuels, which have a highly-developed, highly-complex retail
infrastructure in place, alternative fuels require the establishment of a robust infrastructure to support a

1% The alternative fuels showing the most growth are compressed

106

diverse and growing vehicle fleet.
natural gas (CNG) and ethanol E85. The use of propane in vehicles has declined in the last decade.

Figure 65: Growth of Alternative Fueling Stations and Vehicles
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Source: Alternative Fuels Data Center and EIA’s Alternative Fuel Data*”’

As of 2014, there were 17,840 alternative fueling stations in the U.S. Over half of these (9,583) serve
electric vehicles.'” Propane (LPG) is a distant second with around 3,000 stations. Figure 68 shows the
breakdown of these stations by PADD.
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Figure 66: Alternative Fueling Stations by PADD
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Fueling Station Infrastructure

Due to their diversity, alternative fuels also exhibit a heterogeneous infrastructure with different
challenges facing each fuel (Table 29).

Electric

Technically, electric vehicles and plug-in hybrid vehicles require no additional infrastructure for at-home
refueling as they can be charged by plugging into any residential electrical system, known as AC Level 1
charging.'® This method of charging only adds about 2-5 miles of range per hour charged and is typically
seen as a last resort. AC Level 2 charging requires additional equipment yet is designed primarily for
residential applications such as charging cars overnight. Public and commercial charging uses what’s
known as DC fast charging or DC level 2 which can add up to 80 miles range in 20 minutes. Finally,
wireless charging stations are emerging which charge at around AC Level 2.° NREL has projected that
the capital costs of electric stations are likely to be higher than both conventional stations and most

other alternative fuels.***

Propane

While propane as an alternative fuel is in decline, it faces relatively few challenges to its infrastructure.
First, propane already has an existing well-established infrastructure with easily accessible distribution
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Table 29: Summary of Alternative Fueling Stations

Gasoline Electric | E85 Ethanol | Biodiesel CNG Propane LNG Hydrogen
0 q n 0 N a
! | | J &
i w 3 w
G
Map . \ “ \ = * \
No. of 110,830 9,583 2,71 815 1,500 3,010 166 55
Stations
FleetSipe | 244419938 | 57462 618,506 N/A 115,863 143,037 3354 41
Growth*
s | [ i I
Stations . $ "lll -llll ““““”””

*Charts are not scaled equally but just show trends in recent years

Source: AFDC, http://www.afdc.energy.gov/
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and storage terminals. Second, propane’s refueling mechanism is similar to conventional fuels and

"2 The real

refueling tanks can be placed at existing conventional stations or at propane retailers.
challenge for propane appears to be cost. Use as an alternative fuel only accounts for around 2% of

propane’s overall usage and therefore its pricing is largely dictated by demand in other industries.'**
Ethanol

E85 ethanol, an alternative fuel used in flex-fuel vehicles, also builds off an existing infrastructure. There
are relatively few E85 fueling stations in the U.S. with most concentrated in ethanol-producing states
(PADD 11). E85 does not necessarily require its own station; it could be offered as an alternative at
existing conventional stations. However, conversion of conventional stations to offer E85 would require
substantial investments by station owners for separate pumps, construction of dedicated ethanol or e-
85 tanks, and modification of pump controls and systems. *** The growth of E85 stations has lagged

since 2011, particularly in the Northeast.'™

Biodiesel

Like E85, biodiesel fueling stations are largely just conventional stations that have begun offering
biodiesel alongside gasoline. Therefore, biodiesel infrastructure simply involves basic modifications to
conventional storage and pumps to comport with regulations.**®

CNG

CNG is one of the alternative fuels that requires an altogether separate installation for its fueling
stations and must be individually tailored for two-types of systems — fast-fill and time-fill. Fast-fill
stations cater to customers in the same way a conventional station does — a vehicle pulls up randomly,
refuels, and departs. Time-fill serves vehicles that return to a centralized location overnight. Both
stations receive natural gas from a utility line and require a compressor on-site, yet fast-fill stations have
a tank in which the compressed gas is stored while time-fill stations deliver the compressed gas directly
into the vehicles. Because time-fill stations are constructed based on the needs of the fleet serviced,
costs vary from station to station.™’

LNG

LNG, like CNG, is natural gas and as a liquid fuel their stations are similar to conventional stations.
However, LNG fueling requires extra safety precautions such as gloves and face-shields to refuel, which
can be intimidating to customers, and may limit its suitability for self-service operations. These stations

also vary in size and cost depending on their use and the vehicles served."®

Hydrogen

Hydrogen is the least developed of all alternative fuels discussed here and the industry is still in its
infancy. Many of the hydrogen stations have been constructed for demonstration rather than to actually
cater to consumers. Hydrogen also faces a number of regulatory hurdles for the construction of any
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station and the DOE is actively looking into how to safely and economically develop hydrogen
infrastructure.™

Alternative Fuel Infrastructure by PADD

Because alternative fuels are also heavily dictated by state-led initiatives and localized considerations,
there is skewed distribution at the PADD level by type of fuel. For instance, PADD Il sees a large amount
of ethanol fueling stations due to its large volume of ethanol plants, PADD V has a heavy electric and
hydrogen focus centered on California, and PADD Ill, as a region that dominates propane production,
also consumes large amounts of it.

Overall, alternative fueling infrastructure is in a period of development and growth. The supply of fuels
is highly varied by region and caters to a niche market of consumers.
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VIII. Interdependencies of Oil and Gas Infrastructure

A. Crude Oil and Natural Gas System Intersects

The nation’s oil, natural gas, and alternative fuels industries, and their respective production, transport,
storage, and distribution systems are largely independent and autonomous of one another (Figure 67).
However, they share common modes and methods of transportation, storage, and distribution of
feedstocks and products. Consequently, these systems also share some common dependencies and
vulnerabilities.

There are several points where these systems and infrastructure intersect and interconnect.

e Natural gas that is produced in conjunction with crude oil production is referred to as
“associated gas.” This gas may be captured and, where infrastructure is present, be transported
via gathering lines to a gas processing plant, thereby entering the natural gas system. (Where
gas gathering systems are not economically available, this gas is used in petroleum production
operations or flared.)

e Similarly, the NGLs that are produced in significant volumes as a by-product of the natural gas
processing plant, may be supplied to oil refineries as a valuable refinery feedstock for use in
fuels or petrochemicals.

e Alternative liquid fuels, including ethanol and biodiesel, also intersect the with conventional
refined products distribution system. Typically, ethanol is received by truck and stored at
regional motor fuels distribution terminals. It is usually dispensed into a tanker truck at the truck
loading rack of the terminal, where it is then blended with unleaded gasoline to create a 10
percent (E-10) mixture.

Mutual Dependencies

The oil, natural gas, and alternative fuels transportation, storage, and distribution infrastructures also
share common dependencies on the nation’s electric power generation, transmission, and distribution
system (Figure 68).

e QOil and natural gas and alternative fuels production systems are largely self-sufficient, using on-
site fuels to generate limited site power requirements.

e Pumps and compressor stations along natural gas gathering and transmission pipelines use
offtake gas from the lines to generate power for pumps, compressors and instrumentation, so
are largely autonomous from the purchased power grid.

e However, oil and refined product pipelines, pumps, and compressor stations generally rely on
purchased power from the electric grid as the prime mover for their operations.
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Figure 67: Connections between Oil and Gas Infrastructures
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e Crude oil refineries and natural gas processing plants also generally rely on purchased power
from the grid to power electric pumps used in their operations, as do crude oil storage, and
refined product storage terminals.

e Compression facilities for underground storage are generally fueled by offtake gas, but may also
require electric power.
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e The nation’s retail distribution outlets for motor fuels, propane, and alternative fuels also rely

on electric power for pumps and other fueling and service station operations.

e This dependence on electric power is increasing, particularly as many systems in the oil, gas, and

alternative fuels infrastructures are increasingly monitored and controlled remotely through

cyber-networks that are also powered by electricity that is typically supplied from the grid.

The electric power sector is also increasingly reliant on the oil and natural gas sectors. In recent

decades, then costly natural gas was generally reserved to fuel peak-load power generation, leaving

base-load generation to coal-fired, hydro-electric, and nuclear power generation. However, the

increased availability of low-cost domestic natural gas resulting from the shale gas revolution has

made natural gas increasingly attractive and increasingly used as a base-load fuel, making the

electric power and natural gas infrastructures increasingly interdependent.

The commonalities and interdependencies among the nation’s oil and refined products, natural gas,

and alternative fuels transport, storage, and distributions systems also suggest that they share some

common vulnerabilities to interruptions by natural, physical and other causes. The vulnerabilities of

these systems will be explored in Part Il of this study, excluding the cyber vulnerabilities that will be

explored independently.

Figure 68: Interdependencies Among Systems
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Appendix A.1 - 2013 U.S. Refineries

Sub . Operating Capacity | Idle Capacity | Operable Capacity
PADD State Company Name Location
PADD pany (MBbl/d) (MBbl/d) (MBbl/d)
DE DELAWARE CITY REFINING DELAWARE CITY, DE 182.20 0.00 182.20
CO LLC
NUSTAR ASPHALT
NJ REFINING LLC PAULSBORO, NIJ 70.00 0.00 70.00
NJ EI'_ACULSBORO REFINING CO PAULSBORO, NIJ 160.00 0.00 160.00
B NJ PHILLIPS 66 CO LINDEN, NJ 238.00 0.00 238.00
AMERICAN REFINING
PA GROUP INC BRADFORD, PA 10.00 0.00 10.00
| PA MONROE ENERGY LLC TRAINER, PA 185.00 0.00 185.00
PHILADELPHIA ENERGY
PA SOLUTIONS PHILADELPHIA, PA 335.00 0.00 335.00
PA UNITED REFINING CO WARREN, PA 65.00 0.00 65.00
PADD IB Subtotal 1,245.20 0.00 1,245.20
NUSTAR ASPHALT
. GA REFINING LLC SAVANNAH, GA 0.00 28.00 28.00
WV ERGON-WEST VIRGINIA INC | NEWELL, WV 20.00 0.00 20.00
PADD IC Subtotal 20.00 28.00 48.00
PADD | Subtotal 1265.20 28.00 1,293.20
KY CONTINENTAL REFINING SOMERSET, KY 5.50 0.00 5.50
CO LLC
KY EAOAIF_{PATHON PETROLEUM CATLETTSBURG, KY 240.00 0.00 240.00
Ml EASE;ATHON PETROLEUM DETROIT, MI 120.00 0.00 120.00
East OH BP-HUSKY REFINING LLC TOLEDO, OH 135.00 0.00 135.00
I OH LIMA REFINING CO LIMA, OH 155.00 0.00 155.00
OH EAOAE;ATHON PETROLEUM CANTON, OH 80.00 0.00 80.00
OH TOLEDO REFINING CO LLC TOLEDO, OH 160.00 0.00 160.00
PADD Il East Subtotal 895.50 - 895.50
KS/OK ks | COPFEWILLERESRCSREFG | coereywiLLE, s 115.70 0.00 115.70
& MKTG
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Appendix A.1 - 2013 U.S. Refineries

Sub X Operating Capacity Idle Capacity Operable Capacity
PADD State Company Name Location
PADD pany (MBbl/d) (MBbl/d) (MBbl/d)
FRONTIER EL DORADO
KS REFG LLC EL DORADO, KS 138.00 0.00 138.00
KS NATIONAL COOP REFINERY MCPHERSON, KS 86.00 0.00 86.00
ASSOC
HOLLY REFG & MKTG CO -
OK TULSA L TULSA WEST, OK 85.00 0.00 85.00
OK ?L?I}SLZ SEFG & MKTG CO - TULSA EAST, OK 70.30 0.00 70.30
KS/OK OK PHILLIPS 66 PONCA CITY, OK 198.40 0.00 198.40
VALERO REFINING CO
OK OKLAHOMA ARDMORE, OK 85.00 0.00 85.00
VENTURA REFINING &
OK TRANS LLC THOMAS, OK 0.00 12.00 12.00
OK \é\gNNEWOOD REFINING WYNNEWOOD, OK 70.00 0.00 70.00
PADD Il KS/OK Subtotal 848.40 12.00 860.40
EXXONMOBIL REFINING &
I IL SPLY CO JOLIET, IL 238.60 0.00 238.60
IL L\:AOAE?THON PETROLEUM ROBINSON, IL 206.00 0.00 206.00
IL fI_DCV MIDWEST REFINING LEMONT, IL 174.50 0.00 174.50
IL WRB REFINING LLC WOOD RIVER, IL 311.00 22.00 333.00
BP PRODUCTS NORTH
North IN AMERICA WHITING, IN 165.00 234.00 399.00
IN COUNTRYMARK COOP LLP MOUNT VERNON, IN 27.10 0.00 27.10
MN FLINT HILLS RESOURCES LP SAINT PAUL, MN 267.00 0.00 267.00
MN NORTHERN TIER ENERGY SAINT PAUL, MN 81.50 0.00 81.50
PREMCOR REFINING
TN GROUP INC MEMPHIS, TN 180.00 0.00 180.00
WI CALUMET LUBRICANTS SUPERIOR, WI 38.00 0.00 38.00
PADD Il North Subtotal 1,688.70 256.00 1,944.70
WEST ND | TESORO CORP MANDAN, ND 68.00 0.00 68.00
PADD Il West Subtotal 68.00 - 68.00
PADD Il Subtotal 3,617.60 151.00 3,768.60
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Appendix A.1 - 2013 U.S. Refineries

Sub . Operating Capacity | Idle Capacity | Operable Capacity
PADD State Company Name Location
PADD pany (MBbl/d) (MBbl/d) (MBbl/d)
AL GOODWAY REFINING LLC ATMORE, AL 4.10 0.00 4.10
AL HUNT REFINING CO TUSCALOOSA, AL 36.00 0.00 36.00
AL SHELL CHEMICAL LP SARALAND, AL 80.00 0.00 80.00
AR LION OIL CO EL DORADO, AR 83.00 0.00 83.00
MARTIN MIDSTREAM
AR PARTNERS LP SMACKOVER, AR 7.50 0.00 7.50
ALON REFINING KROTZ
LA SPGS INC KROTZ SPRINGS, LA 80.00 0.00 80.00
LA CALCASIEU REFINING CO LAKE CHARLES, LA 78.00 0.00 78.00
LA ESLUMET LUBRICANTS €O SHREVEPORT, LA 57.00 0.00 57.00
LA EPALUMET LUBRICANTS €O COTTON VALLEY, LA 13.02 0.00 13.02
LA EPALUMET LUBRICANTS CO PRINCETON, LA 8.30 0.00 8.30
1l GCLA LA CHALMETTE REFINING LLC CHALMETTE, LA 192.50 0.00 192.50
LA CITGO PETROLEUM CORP LAKE CHARLES, LA 427.80 0.00 427.80
LA EXXONMOBIL REFINING & BATON ROUGE, LA 502.50 0.00 502.50
SPLY CO
LA ('\:AOAIF_{?THON PETROLEUM GARYVILLE, LA 522.00 0.00 522.00
LA MOTIVA ENTERPRISES LLC NORCO, LA 233.50 0.00 233.50
LA MOTIVA ENTERPRISES LLC CONVENT, LA 235.00 0.00 235.00
LA PELICAN REFINING CO LLC LAKE CHARLES, LA 0.00 0.00 0.00
LA PHILLIPS 66 BELLE CHASSE, LA 252.00 0.00 252.00
LA PHILLIPS 66 CO WESTLAKE, LA 239.40 0.00 239.40
LA PLACID REFINING CO LLC PORT ALLEN, LA 57.00 0.00 57.00
LA SHELL OIL PRODUCTS US SAINT ROSE, LA 45.00 0.00 45.00
LA VALERO ENERGY CORP MERAUX, LA 114.58 10.42 125.00
VALERO REFG NEW
LA ORLEANS LLC NORCO, LA 205.00 0.00 205.00
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Appendix A.1 - 2013 U.S. Refineries

Sub . Operating Capacity | Idle Capacity | Operable Capacity
PADD State Company Name Location
PADD pany (MBbl/d) (MBbl/d) (MBbl/d)
MS CHEVRON USA INC PASCAGOULA, MS 303.33 26.67 330.00
GCLA MS ERGON REFINING INC VICKSBURG, MS 23.00 0.00 23.00
HUNT SOUTHLAND
MS REFINING CO SANDERSVILLE, MS 11.00 0.00 11.00
PADD Ill GCLA Subtotal 3,847.62 0.00 3,847.62
TX BTB REFINING LLC CORPUS CHRISTI, TX 0.00 0.00 0.00
CALUMET SAN ANTONIO
TX REFG LLC SAN ANTONIO, TX 13.11 1.19 14.30
CITGO REFINING &
TX CHEMICAL INC CORPUS CHRISTI, TX 163.00 0.00 163.00
DEER PARK REFINING LTD
1]
TX PTNRSHP DEER PARK, TX 327.00 0.00 327.00
TX DELEK REFINING LTD TYLER, TX 60.00 0.00 60.00
TX EXXONMOBIL REFINING & BEAUMONT, TX 344.50 0.00 344.50
SPLY CO
EXXONMOBIL REFINING &
GCTX TX SPLY CO BAYTOWN, TX 560.50 0.00 560.50
TX FLINT HILLS RESOURCES LP | CORPUS CHRISTI, TX 289.10 0.00 289.10
TX HOUSTON REFINING LP HOUSTON, TX 258.62 0.00 258.62
TX LAZARUS ENERGY LLC NIXON, TX 11.47 0.00 11.47
TX ('\:AOAIF_{?THON PETROLEUM EAST TEXAS CITY, TX 80.00 0.00 80.00
X ,(\:/IOAS;ATHON PETROLEUM WEST TEXAS CITY, TX 460.20 0.00 460.20
X MOTIVA ENTERPRISES PORT ARTHUR, TX 285.00 315.60 600.25
PASADENA REFINING
X SYSTEMS INC PASADENA, TX 100.00 0.00 100.00
TX PHILLIPS 66 SWEENY, TX 247.00 0.00 247.00
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Appendix A.1 - 2013 U.S. Refineries

Sub . Operating Capacity | Idle Capacity | Operable Capacity
PADD State Company Name Location
PADD pany (MBbl/d) (MBbl/d) (MBbl/d)
TOTAL PETROCHEMICALS
TX & REFININ PORT ARTHUR, TX 58.50 167.00 225.50
TX VALERO ENERGY CORP THREE RIVERS, TX 93.00 0.00 93.00
TX VALERO ENERGY CORP PORT ARTHUR, TX 290.00 0.00 290.00
VALERO REFINING CO
GCTX TX TEXAS LP HOUSTO