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Midstream infrastructure development has occurred at a rapid pace over the past several years, causing
many to question if the trend can continue. In response to those questions, the INGAA Foundation
retained ICF to undertake a study to forecast the amoahmmidstream infrastructure development
needed in the U.S. through 2035.
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energy markets based on a detailed supply/demand outlook for oil and gas gevefd. The study

assesses oil and gas infrastructure needed to support the delivery of crude oil and oil products, natural

gas and natural gas liquids (NGLSs).

This includes investments in new infrastructure within the following categoriesurédce andlease
equipment; b)gathering andprocessingfacilities; c)oil, gas, and NGhipelines; d)oil and gas storage
facilities; e)refineries andoil products pipelines; and flexport terminals. The study also projects the
associated economic benefitsiofrastructure development, most notably Gross Domestic Product (GDP)
and employment.

Because the unit cost for pipeline construction has risen significantly in recent years, the study looks at
two cost scenariosConstant Unit Costnd Escalating Unit 80 The Constant Unit Cost scenario assumes
the unit costs for all assets remain constant in real terms throughout the projection. ICF derived these
values for the year 2017, based on a time series regression of unit costs from 2001 through 2017. In the
Escalating Unit Cost scenario, the unit costs rise in real terms in the projection. The escalation of the unit
costs for pipeline and compressor station construction are determined based on regression of the
historical unit costs with natural gas productigmowth then projectedthrough the study period.
Regressios weredone by region because unit costs are very different across regions; for example, costs
are higher in the Northeast, where projects have been in congested areas, but much lower in the South
Central region, which has lower construction costue primarily to more rural infrastructure
development.

In the body of this report, projected capital expenditures are presented as a range. For the purposes of
the executive summary, capital expenditarare presented as a single number, which represents the
average of the Constant Unit Cost Scenarid the Escalating Unit Cost Scenallibe economic impact
figures(i.e., employment, Gross Domestic and Statedacts and tax revenuegre based on capit
expenditure projections in the Escalating Unit Cost scenario. All other projections, including those for
surface and lease equipment, as well as processing, gathering, pipeline export facilities, and storage
capacity, are presented as a single numtbeoughout the report.

Summary of key findings:

1) While midstream infrastructure investment is projected to peak in 2019, it nonetheless remains
robust over the study horizon.The primary drivers for robust development are continued




2)

3)

4)

5)

6)
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Exhibit ESL: Projected Capitalnfrastructure
InvestmentBy type,20182035 (Billion 2016%$)

unconventionalresourcedevelopment and strong market demand, largely in response to the
relatively low commaodity prices fostered by those new oil and gas supplies.

Capital expenditures (CAPEX) for new oil and gas infrastructure development total an average
$791 billion from 2018hrough 2035 (Exhibit EF. These levels of investment equate to an
average annual CAPEX of $44 billion throughout the projection period (ExhkB)it ES

Approximately 41,000 miles of pipeline and 7 million horsepower of compression and pumping
are addedo transport oil, gas, and NGLs from 2018 through 2035.

An additional 139,000 miles of gathering krere added along with 10 million horsepower of
compression and pumping to support gathering, processing, and storage of oil, gas, and NGLs
duringthestu@ Q&4 F2NB Ol 4G LISNA2RO®

Investment in infrastructure contributes $1.3 trillion to U.S. and Canadian Gross Domestic
Products over the projection period, or approximately $70 billion annually.

Infrastructure development will result in employment of 725,000 .Uwrkers annually.
Significant employment opportunities are created not only within states where infrastructure
development occurs but acrosdl states because of indirect and induced labor impacts.

The infrastructure development in each of the scenarsodependent on regulatory approvals of

the projects.

Exhibit E€: Oil and Gas Infrastructure
(Billion 20163%)

Annual Average U.S. and Canada Capital Expenditures,
Year of Commissioning, Billions of 20165
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Study Highlights

Several factors should increase supply and motivate infrastructure development. Notably, the North
American unconventional resource base (shale and tight oil and gas) is enormous, with vast quantities of
relatively lowcost oil and gas remaining to be déweed. The application of technology is continuing to




reduce well drilling and completion costs and enhance well productivity. Thus, the unit cost of oil and gas
production continues to decline.

In addition to the productivity gains and cost reductions,rkeds appear poised for growth. Indeed,
refinery input and output has increased during the past few years as North American oil production
creates renewed interest in refinery investments to increase product outpatrochemical facilities have
undergore a resurgence and will continue to do so, as supply development continues to put downward
pressure on natural gas and NGL prices.

Natural gas exports are on the cusp of growing significantly, both to Mexico and as LNG to markets around
the globe. Furthe low gas prices have fostered growth in the power generation market as coal and
nuclear plants continue to be retired across the U.S. This trend seems irreversible considering regulations
that encourage clean power and the way in which gas complementsaables. Regardless of policies,

the relatively low gas price environment generally discourages additional investment to upgrade or
further limit emissions from coal plants, especially considering the threat of federal carbon control that
still looms orthe horizon.

The scenarios in this study project significant growth in oil and gas production and markets that stimulate
such growth. U.S. and Canadian oil production increases to over 19 million barrels per day by 2035. Natural
gas production growth isven more pronounced, increasing from roughly 91 billion cubic feet per day in
2017 to 130 billion cubic feet per day by 20B&sLproduction will track gas production over time.

Robust development of unconventional oil and gas resources and the supportirket activity promote

the need for new transport capability for oil and gas. As a result, transport capability for oil, gas and NGLs
increases by 3.6 million barrels per day, 56.7 billion cubic feet per day and 7.7 million barrels per day,
respectivey. Increased production also supporssignificant amount of new gathering and processing
infrastructure.

Thus, investment in new oil and gas infrastructure will total $791 billion from 2018 through 2035,
averaging $44 billion per year. Roughly 34 percent of the investment, or $15 billion annually, will be for
surface and lease equipment (Exhibit3Swhichis split between investment in equipment that supports
production from onshore wells and development of offshore platforms located in the Gulf of Mexico.

Oil, gas, and NGL pipeline development will see annual average CAPEX of $14.7 billion from 2618 throu
2035, also equating to approximately ottérd of total infrastructure investment. Across the U.S. and
Canada, the report estimates construction of over 41,000 milesilo&nd natural gastransmission
pipelines with over 7 million horsepower of compressam pumpingadded throughout the projection
period. Gathering and processing investment ranks third among the investment categories, with an
average annual CAPEX of $8.4 billion, accogntor roughly 19 percent of the total infrastructure
investment. The report estimates the need for about 139,000 miles of gathering pipeline, with about 64
percent of that focused on gas gathering. This investment is aimed at gathering and processgiag oil,
and NGLs from 28,500 new well completions per year. The remainder of the investment, or $5.8 billion
per year, is required to support refining, storage and export activities.




Exhibit ES3: Average Annual Oil and Gas Infrastructure CAPEX by Categdip(MN20163$)
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Natural Gas

The study projects significant growth in natural gas production and consumptimproved recovery
factors and accelerated technological advancement yields lower gas prices, and thus, greater market
growth.

U.S. natural gasrpduction is concentrated in shale and tight formations. Because production costs are
relatively low in the Marcellus and Utica compared with production costs elsewhere, the studipates
both production andnfrastructure needselated to natural gawvill be focused in the U.S. Northeast.

The market folJ.S. and Canadian natural gasmsumed herend exported abroad will increase tb30
billion cubic feet per dajrom current levels of around 91 billion cubic feet per day. Gas markets grow
dramaticaly, with significant growth of:

Liguefied natural gas (LNG) exports,
North American gafired power generation,
Pipeline eports to Mexicoand

Increases in U.S. petrochemical activity

P wbdPE

LNG exports, whicimcreaseto over 12 billion cubic feet per day ihd study, represent one of the largest
growth markets. LNG exports are supported by 15 to 30 trains of liquefaction capacity, almost entirely
located along the U.S. Gulf Coast. A significant amount of liquefaction capacity is already under
construction andscheduled to come online over the next few years.

The secondnost noticeable area of growth for gas use comes from the power sector, where gas use in
the U.S. and Canadiecreased 7 billion cubic feet per day. This is driven by retirement of-6oad power
plants, which wilbe replaced byow-cost natural gaandrenewable generation, as well Bgyher electric




load and nuclear plant retirementdNatural gas will also serve as a backstop to help firnvanmble
renewables like wind and solarwhich are expected to grow during the projection periddhis study
assumes electric load growth consistent with ISO projectidhalso assumes thahanynuclear plants
retire after they reach the age of 60 years.

The final two growth components for haal gas consumption are exports to Mexico and petrochemical

gas useExports to Mexico rise byrougtyo A £ t A2y Odzo A0 FSSG LISNI RF&8X RNX
oil-fired generating facilities with gared generating facilitiesPetrochemical gagsein the U.Sgrows

by between lbillion and 2 billion cubic feet per day. Most of the increase occurs at refineries, ammonia
(fertilizer) plants and for methanol production.

CAPEXor natural gasrifrastructure totals$417 billion, equating to 52.7 peent of the total investment

in new infrastructure throughout the projectionMuch of the investment in gas infrastructure, or $279
billion, is in gas gatheringnd transmissiosystems The most intensive capital expenditures for natural
gas infrastruaire occurto gather and transporMarcellus and Uticas well as Permian Basinpplies to
markets

The study projects the need for 57 billion cubic feet per day of new pipeline capaeitythe study period
to support the levels of production and markgtowth that are projected through 2035. That meaars
average 08B.1 billion cubic feet per day of incremental transport is addeduallyto an already extensive
gas transportation networkThe size of the U.S. gas transportation network will increase aite of
roughly 2.5 percent per year in the futuréhe study estimateabout 25 billion cubic feet per day of new
capacity to move Marcellus and Utica supplies to consumers and export fadilitiegh 2035

The studyalso forecastgsonstruction of roughly 1,400 miles of natural gas pipeline each year, with a total
of 26,000 miles put in place throughout the projection. Ther&ath significant upsidepotential and
significantrisk for natural gas pipeline development, depending oarket evolution and project
approvals. The study estimates 391,000 horsepower of compression added each year, or a total of 7
million horsepower of compression over the course of the projection.

Oil

The studyshows growth in total crude oil production fothe U.S. and Canada over the course of the
projectionperiod. Increases ithe Permian, Niobrara and Bakkenmibduction more than offsedleclines

in conventional productiorAs a resulttotal U.S production increases from its curretlgvelof roughlyl4
million barrels per day to nearly 20 million barrels per day by 2034&is growing supply results in the
need fornew pipeline transport and oil handling capability

The study sees U.S. and Caandefinery output increasing as production from tight oil supplies and
imports of heavy crude from Western Canada grow. Refinery crude oil input insr&ase itscurrent
level of 18.8 million barrels per day to 20.5 million barrels per lokegauseof refinery upgrades and
refurbishments.




Not only do the increased supplies of Canadian oil and the lighter sweeter crudes increase refinery input
over time, but they also displace crude oil imports from other countries. The increase of domestic crude
oil producion along with the incremental imports of heavy crude oil fidfestern Canada potentially cut
crude oil imports from other countries in half over time. Increasing refinery input would increase oil
product output and potentiallypoostU.S. exports of refirceproducts.

CAPEXor oil infrastructure totals $321 billion, equating to 4Qpércentof the total investment on new
infrastructure throughout the projectionlnvestment in oil infrastructure is widely spread acrassny
types of infrastructure, includig pipelines, gathering systems, stordgeminals offshore platforms, and
refinery capacity. Investment in oil pipelines accauur $53 billion of the total investment in this
category. Much of the capitalxpenditure foroil infrastructureis focused orthe Permian and Delaware
Basinof West Texas and Eastern New Mexwbere largerelatively lowcost oil resourceremainto be
developed.

The study estimates the addition of 7.7 million barrels per day of nepieline capacity.A sigificant
part of the new transport capabilit0.9 million barrels per dayis already under construction and
scheduled to be completed within the next 12 months (year 2RQ89).

Geographically, tacapacity is concentrated in the Central, Midwest andtBwestregions Incremental

transport in the Central and Midwest is already being added to support imports of heavy crude oil from

lf OSNIFQa 2Af alyRad ¢KSasS INBE fS3aFoOe LINBa2SOGa GKI
and nearterm slovdown in oil sands development. Another portion of the capacity is aimed at
transporting incremental supplies from the Bakken toward the East Coast and Gulf Coast. Yet another
portion of the capacity transports growing supplies\iiést Texasrude oil to efineries concentrated

mostly along the Texas Gulf Coast.

Most new U.S. oil pipeline transport projeatre forecastor completion in the nextive to 10 years (2023
to 2028). As oil production growth slows over the projection period,rteed forincremental capacity
also slows as alreaeyuilt capacity is relied on ttransport incremental supplies

NGls

NGLproductiongrows by roughly 3.5 million barrels per day through 2085Ls track natural gas
production over time because NGLs are gpbyduct ofthe gas production streanNGL production
growth is concentrated in unconventional resources

The U.S. NGL market grows by 3.2 million bapet day. The biggest growth componemfbr NGLsare
exports, which increase by 1.5 million barrels per d&opane, most of which is exported to Asia to
support polypropylene production, represents the single largest export component. Ethane, which is used
in ethane crackers domestically to produce ethylene, sees the second largest growth. More modest
growth occurs for butane and pentanes+, which are used mostly in refineries.

CAPEXor NGL infrastructure totals $53 billion, equating to fetcentof the total investmentn new
infrastructure throughout the projection. InvestmentWNGLinfrastructureis spread across
fractionation facilities and pipelines.




The study projects the development of 3.6 million barrels per day of new NGL pipeline capacity to support
the production and market growth projected through 2035. Almost all this new capacity will bedplac
service over the next decade.

The areas for development of new capacity include the: 1) Northehstne to the Marcellus and Utica,

where gas production is likely to continue to grow very rapidly; 2) the Midwest, where the Aux Sable
liquids extractbn facility resides; and 3) the Southwest, where there are potentiadlyyd ¢ S ¢ 3+ a LI |
that contain significant amounts of liquids resource. The last of these areas, the Southwest, is also home

to Mont Belvieu, €xas a widely recognized location flIGL transactions, that is near several sites where
additional petrochemical facilities (i.e., ethane crackers and polypropylene plants) and NGL export
terminals could be built or expanded.

Geographic Tends

Geographicallythe Southwest, which includes Taex will see the greatestil and gas infrastructure
investmentwith a total CAPEX 0of193 billion, accounting for24 percent of the total infrastructure
investment across the U.8nd Canadéxhibit E®). It should come as little surprise that this ateads
the way on infrastructure development because iatsustomedo oil and gas developmeiand is home
to manyproduction,refinery, petrochemical and export facilitieend pipelines However, thecombined
Northeastand Midwestregionalso willsee a significant investment in oil and gas infrastructure, thi¢h
total investmentof $163 billiorfor those regiong€ombined accounting foR1 percent of the total oil and
gas infrastructure investment across the LAB8d CanadaDeveloping and trargorting the vast amount
of natural gas resouraxontained in the Marcellus/Utica producing bagrthe focus of this investment
Infrastructure development for this area will depend wegulatory approvals of pipeline projects and
market evolution. Offsbre Gulf of Mexico infrastructure development is also significantl&7$illion,
accounting for21 percent of the total investment that occurs across each of the scenarios. Collectively,
other geographic areas account for the remaini2@8billion, or 34 percent of the total U.Sand Canain
investment across the projections.

Exhibit ES) Regional CAPEX for Oil and Gas Infrastructure from 22086 (Million 2016%)
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Economicrhpacts

Infrastructure developmenwill continue to havesignificantand widespreadmpacts on the U.S. and
Canadian economie#.will support an averagef 725000jobs each yeairom 2018 through 2035t will
also add acombinedtotal of $13 trillion or an annual average of7@ billion to U.Sand Canaddsross
DomesticProduct.Federal taxes related toil and gas infrastructurdevelopmentwill total $238 billion,
while state provincial and locabxeswill total $204 billion throughout the projection periodAll states
benefit from infrastructure developmerttecausethere are indirect and induced employment benefits
spread to states even where theeis no infrastructure development.

Conclusion

The favorableconomicenvironment for oil and gas infrastructure development has not yet run its course
and is likely to continue for many years, with total investment in oil and gas infrastruetpezted to be
$791billion from 208 through 2035. Tisinvestment willhave positive impacts on the Uzhd Canan
economes, employing many individuals and contributing signiiitato Gross Domestic Produ&nergy
infrastructure developmentwill also foster the delivery of lower cost energy to households and
businesseshelp the upstream and downstream portions of the oil and gas business develop more fully
over timeand support the penetration of renewable energy in the U.S. elegiiteration market.

Exhibit ESS: New Pipelines and Compression from 202835 (Million2016$)

Total Total Average Average

2013-2017 2018-2035 2013-2017 2018-2035
Oill, Gas, and NGL Transmission Pipelines

Oil Line Miles 15,617 8,184 3,123 455
Oil Line Diameter (Inch) 22.0 28.9 22.0 28.9
Pump for Oil Lines (1000 HP) 2,964 1,016 593 56
NGL Line Miles 10,629 7,024 2,126 390
NGL Line Diameter (Inch) 14.9 175 14.9 175
Pump for NGL Lines (1000 HP) 390 293 78 16
Gas Line Miles 8,348 25,896 1,670 1,439
Gas Line Diameter (Inch) 24.6 28.9 24.6 28.9
Compressor for Gas Lines (1000 HP) 3,367 7,041 673 391
Oil, Gas, and NGL Line Miles 34,594 41,104 6,919 2,284
Oil, Gas, and NGL Line Diameter (Inch) 20.4 26.9 20.4 26.9
Gathering and Processing
Gas Gathering Line Miles 33,675 88,340 6,735 4,908
Gas Gathering Line Diameter (Inch) 6.4 7.9 6.4 7.9
Gas Gathering Line Compressor (1000 HP) 4,435 8,540 887 474
Oil Gathering Line Miles 25,846 50,612 5,169 2,812
Oil Gathering Line Diameter (Inch) 4.6 55 4.6 5.5
Oil & Gas Gathering Line Miles 59,521 138,952 11,904 7,720
Oil & Gas Gathering Line Diameter (Inch) 5.6 7.0 5.6 7.0
Refining and Oil Products Transport
Oil Product Pipeline Miles 2,526 2,981 505 166
Oil Product Pipeline Diameter (Inch) 115 135 115 135
Oil Product Pipeline Pump (1000 HP) 447 528 89 29
Total

Oil, Gas, NGL, and Oil Product Pipeline Miles 96,641 183,037 19,328 10,169
Oil, Gas, NGL, and Oil Product Pipeline Pump and Compression (1000 HR)604 17,419 2,321 968
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1.1 Study Objectives

b2NIK ! YSNAOIFI Qa SySNHeE odzaAySaa KlFa GNIyaF2N¥SR
allowing for the development of shale oil and natural gas resourdée shale revolution has renewed
thefocusonb 2 NI K ! YSNA OF Qa 2 Awith U.S/aRd CAnadmil R @t hriginglyody G =
roughly 11 million barrels per day in 201® over 13million barrels per dayn 2017, andhatural gas
productionrisingfrom about83 billionto 91 billion cubic feet per dain the same periodThis production

growth has resulted i$316 billionof spending for new infrastructure to process, refine and transport

that oil and gas during the past six yedeslfibit1).

Exhibit1: Infrastructure CAPEX during the Past Six Years, Million 2016$
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Recentinfrastructurecapital expenditures (i.e., the CAPEX from 2013 through 2@dsgveragd about

A

$63 billion per year with a peak expenditure of over $74 billion in 2014.S A y Rdza 6 N2 Qa 3INBI

was on rew transmissiomipelineswhich represents ovesne-third of the capital expenditure, averaging

$23 billion per year Surface equipmentanks second ain average annual CAPEX of roughly $21 billion

in real terms. This category includeigh-cost Gulf of Mexicoffshore oil platformsOnshore gathering

and processing expenditureseraged about $13 billion per year in real terms. The raeimgicategories

¢ oil and gas storage, refining enhancements and upgrades, products and rail transport, and export
facilities¢ add roughly $6.5 billion per year to the totdh short,the industry has spent significantly on
infrastructure developmenacrossseveralcategories.




Despite robust growth in U.S. oil and gas production and infrastructure development, uncertainty remains
about future growth. The relatively low oil and gas price environment over the past few years has reduced
exploration and poduction (E&P) spending and activity, and infrastructure development has slowed from
its peak in 2014. Thus, this study seeks to examine whether the drivers for strong infrastructure
development remain and to project potential needs and impacts of infuasire going forward despite
uncertainty.

Thisstudyseeksi 2 AY FT2N)Y AYRdzZAGNEX LRfAOBYIFI{SNE FyR aidl 1SK
energy marketdased on a detailed supply/demand outlofde oil and gas development. The study
assessesil and gadnfrastructureneeded to support the delivery of crude oil and oil productatural

gasand natural gas liquids (NGLs). It also projects the associated economic benefits of infrastructure
development, most notably Gross Domestic Product (GD&)jabs impacts.

The $udy consides recent trendsand uncertaintiesand investigaesimpacts of those trends on future
infrastructure requirementsvith two scenarios(1) anEscalating Unit Cost Caaed (2) aConstant Unit
Cost Case. These cases areflyridescribed below.

U ¢KS aitdzReQa 9aolftlradAy3a !'yAld /2a0 /&S NBLINBaSy
GKFG ITNB O2yaraidSyid oAGK NBOSYd YINYSB#mel Ot AQAl
that reflectsfuture cost growth coristent with recent trends.

U ¢KS addzReé Qa [ seefaridiépiftsa ényirdninent irkwinidh the cost of building new
infrastructure does not increase on a per unit basis. The base year of the Constant Unit Cost is
2017.

To develop the infrastruare investment requirements, the study includes the following components:
U Natural gas supply/demand projections that rely on the most current market trends.
U Projections for North American E&P activity.

0 An assessment of onshore lease equipment, offshoredpction facilities, and gathering,
processing, and fractionation needs to permit the delivery of hydrocarbons to a pipeline grid that
supports delivery to refineries, markets, enders and export terminals.

i Reviav of oil and gas storagequirementsto temporarily store hydrocarbons until needed in
markets and at refineries

U Analysis of NGL and olil infrastructure requirements

U An assessment of the increased oil, gas and NGL exports that could occur with increasing North
American supplies.

The economic impact analysisat is discussed near the end of the repabiased on IMPLAMNodeling,
which providedlirect, indirect and inducepbb impactsof the oil and gas infrastructure development. The
analysis alsmeasures statdéevel employmentind valueadded impacts.
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1.2 Study Regions

For reporting, his studyappliesU.S. DOEIA pipeline regions fahe Lower 48states in the U.SExhibit

2). The Northeast and Midwest study regions split Marcellus and Utica shale plays. A large amount of
infrastructure development in the future is expected to be driven by significant gas ahgp@uction

growth from this area. The Southwest, an area already with a large amount of oil and gas infrastructure
and hometoo many producing basins, also should see significant growth.

Exhibit2: Study Regions

Western n

Offshore

1.3 InfrastructureCoverage

Exhibit3 lists the infrastructure categories assessed in this study. The study applies a broad definition of
infrastructure that includes all assets neededorocess, refine, store and transport oil, gas, NGLs and ail
products to endusers. Endisers include industrial facilities that use oil, gas and NGLs as either a fuel or
feedstock, petrochemical facilities, export terminals and distribution compaiileis. analysis excludes
distribution infrastructure, which may see billions of dollars of capital expenditures for upgrades and
enhancements to distribution systems.

11



Exhibit3: Oil and Gasnfrastructure Gitegories

Category SubCategory Type of
Hydrocarbon
Surface and Lease Equipment Onshore Lease Equipment Oil and Gas
Offshore Production Platforms Qil
Gathering and Processing Gas Gathering Lines Gas
Oil Gathering Lines Qil
Compressors Gas
Processing Plants Gas
Fractionation Facilities NGL
Oil, Gas, and NGL Pipelines Oil Pipelines Oil
Pumps for Oil Pipelines Qil
Gas Pipelines Gas
Compressor Stations for Gas Pipeline Gas
NGL Pipelines NGL
Pumps for NGL Pipelines NGL
Oil and Gas Storage Above Ground'ank Farms Qil
Underground Storage Gas and NGL
Refining and Oil Products Transpot Refining Qil
Oil Product Pipelines Qil
Pumps for Oil Product Pipelines Qil
Rail Transport Oil and NGL
Export Terminals LNG Export Facilities Gas
NGL Exporterminals NGL

The main infrastructure categories include surface and lease equipment; gathering and processing; oil,
gas and NGL pipelines; oil and gas storage; refining and oil products transport; and export terminals.
Each category is also split irdob-categories to provide additional detail. The saiib categories are
allocated to gas, oil or NGL development to link the different activities with broader reporting by type of
hydrocarbon.

Transmission ipelines include mainline capacity from suppleas to market areas and laterals on
Aaz2flGSR aS3avySyida GKFd O02yySOl AYRAGDARIzZ t Gagl OAf A
gathering pipe is the pipe that connects wells to a mainline or to a gas processinggttactthe

liquids and norhydrocarbon gases. Oil gathering pipe collects and delivers crude oil from oil wells and

lease condensate from gas wells to nearby crude oil storage and treatment tanks or to crude oil
transmission mainlines. Surface alghse equipment for biwells includes accessory equipment, the

12



disposal system, electrification, flowlines, free water knockout units, heater treaters, LACT units,
manifolds, producing separators, production pumping equipment, production pumps, production valves
and mandrelsstorage tanks and test separator§urface andease equipment for gas wells includes
dehydrators, disposal pumps, electrification, flowlines and connections, the production package,
production pumping equipment, production pumpad storage tanks.

Repored infrastructure development and the corresponding CAPEX only account for new capacity.
Capital expenditures reported throughout the report are in 2016 dollars unless otherwise stated. They do
not include operations and maintenance (O&M) costs, becauskl! ©8sts are not typically capitalized.
Costs associated with O&M could add billions of dollars to the total expenditures reported herein and
would account for a significant number of jobs beyond the employment levels reported in Section 6.

1.4 ReportStructure

The remainder of this report contains the following information:

U Section 2 provides an overview of the modeling methodology.

U Section 3 summarizes the scenarios applied in this study, presenting the trends for oil and gas
production and demand,rad examining market dynamics for gas, NGL, and oil transport.

U Section 4 provides the results for oil and gas infrastructure development. The section starts off
with an overview, followed by a detailed discussion that examines infrastructure development in
the two scenarios for each of the infrastructure categories. The section ends with a discussion
about regional development.

U Section 5 provides results of the economic impact analysis to assess the jobs and GDP impacts of
infrastructure development.

U Sectio 6 lists key findings for the study.
U Appendix A discusses the ICF modeling tools applied to complete this analysis.

U Appendix B provides details for infrastructure development, including all key statistics that drive
infrastructure investment.

U Appendix C pvides capital expenditures by region.
i Appendix D provides the approximate economic impacts of the pipeline and gathering CAPEX.

U Appendix E illustrates the regional natural gas demand and oil, gas and NGL production.

13



2aSUK2R2f 238

2.1 Modeling Framework

This study determines oil and gas infrastructure development and capital expenditure requirements

0FaSR 2y L/ CQ&a aARadGNBIY Ly T NIEhbNdzO® dzNBésfaus LI2 NII 0 a |
LINR LINA SGFNE Y2RSftAYy3a (22ftax yI YSt ®rodudti@®éporDl & al NJ
(DPR)a Natural Gas Liquids (NGkansport Mode(NGLTN anda Crude Oil'ransport Model (COTM).

Appendix A has detailed descriptions of these modeling tools.

Exhibit4: Modeling Tools fol / ®dsiream Infrastructure Report

Oil and gas well completions

Gas production . Crude oil production
Gas pipeline . NGL production : Crude oil pipeline d NGL pipeline
Gas Mavkg!* ;"“.’Detailed | /gru:: ot';f NGL Transport
4 Modei ‘ P!oductlon Y g:l - Maodel
(GMM) Reaq?‘g:iDPR) * iédmy ~ (NGLTM)
P — Midstream Infrastructure
kil e Infrastructure Report » Metrics and Capital
(MIR) Generator =L

The GMM a full supplydemand equilibrium model of the North American gaarket is a widely used
model applied to assess North American gas supply, demand, transport and pritgeritinesnatural
gasprices,production and demand by sector and regidie GMM projects gas transmission capacity
development, based on gasarket and supply dynamics.

L / C Q aa vibtagevaroduction modekstimatesthe number ofoil and gasvell completions and well
recoveries based on levels of gas producttbat the GMM calculates and projects oil and gas prices; gas
directed versus oitlirected drilling, and well productivityThe model estimates crudeil and NGLs
productionfor over 50 regions, based on assuniiegiidsto-gas ratic.

L/ CQa bD[ ¢a I yNGlahtclude oiBafispbridetjuireéBnents toestimatepipeline capacity
requirements.The modet relyon regional NGL and crude gitoduction from the DPR, and consider
pipelines, railways, trucking routes and marine channels as means of transporting-mais) @nd purity

NGLs and crude oil from production areas to refineries, export terminals, and processing and industrial
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facilities that use the hydrocarbons either as a fuel or feedstock. The model estimates refinery
enhancements and output as well as aibguct transport and crude oil and oil products exports.

2.2 Infrastructure Methodology and Criteria

L / ®GIRPprojects natural gadlGlandcrude oilinfrastructure requirements by considering:

U Regional natural gas supptiemand growth based oscenariomarket trends
U  Well completiors and production by region

U Gas procesingand NGL fractionation requirements

U Changes in powegslant gas usg

U Regional undergrouné@nd above groundatural gas storage neegds

U Changes in transportation of natural gaslGL,and oil brought on by regional supplyemand
balances, changing market forces and world trade of raw and refined energy products

2.2.1 Estimating the Amount of Infrastructure Development

Exhibit 5 lists the criteria applied to estimate new infrastructure development and the capital
expenditures associated with it.Nearterm infrastructure development includes projects that are
currently under construction aare sufficiently advanced in the development process. Unplanned projects
arealsoincluded in the projection when the market signals neédew capacity.

The infrastructure assessment includes surface aabd equipmentoffshore platforms gathering,

procesing and fractionation projectsNatural @s trangort capability adds to the infrastructure stack

based on projections frorthe GMM. Supply growthand marketevolution within andacrossgeographic

areas create the base for the decisittmadd pipeline cpacity.Included are pojectsthat are currently

under developmeni{including projects characterized asw pipeling expansiorprojects repurposng

projectsand reversa of pipeline}> | 4 ¢Sttt Fa dzyLIX I yySR 2N a3ISySNA O¢
LINE 2SO0z (KS middga&coniptessiortaiculaBdnsusy Ble-of-thumb estimates based

on historical capacity expansion data along various pipeline corridors.
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Exhibit5: Criteria for New Infrastructure Develapent

Metric

Gas gathering line miles per welfor
gathering gas both from gas wells an
oil wells)

Share of new wells that are pad
drilled

Average number ofvells per pad

Oil gathering linemiles peroil well
(only applies tohigh-productivity
wells)

Gas gathering lineompression
requirement

Portion of gas production growthhat
requiresnew processing capacity

Criteria

Gathering line mileage requirementalculations assume theumber of
wellsper padandnumber ofpads per processing plant.

Theconfiguration below is an example ofgstem with 16 pads per
processing plantsix horizontal wells pgvad, and 120 acres well spacing
This configuratiomequiresa total ofabout 0.24 niles of gathering line per
well with a combination of four diffent pipe sizes.

Configuration for 16Pads per Processing Plant
with 6 Horizontal Wells per Pad
4-State Pipe Connections

Stage 1

Well Pad Processing /| Stage 2

(6wells)

The share of new wells that are pad drilled was only about 5 percent ir
2006, growing rapidly to almost 60 percent by 2013 and is assumed to
reach over 90 percent by 2035.

The average fouwvells per padn 2010is assumedo increase tal8 wells
per padby 2035. An incre@sg number of wells per pad will reduce the
total mileage but increase the average diameter for gathering pipelines

0.25 miles/well forfour-well padsand 0.125 miles/wells fagight-well
pads. Highproductivity oil well is defined as wells witBURgreater than
30,000 barrels.

141 horsepowerfor every 1 million cubic feet per day of production.

Averageof 60 percent variesby playandregion.
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Criteria for New InfrastructuredDevelopment (Continued)

Metric

Gas processing plant size

Gas laterad for processing plant

Gas lateral diametesfor processing plant

Gas power plant capacity

Gas lateras for gas power plans

Gas lateral diameter for gas power plant

Gas storage capacity

Compression requirements for gas storag
fields

Criteria

Between 25and 600 million cubic feet per dayielding anaverageof
275million cubic feet per day for all production; variag play

Average20 milesper plant.

Between 10 to 30 inchesstimated by using the size of the plant

If unknown, the aeragepower plant sizefor combined cycle plants is
assumed to b&00 Megawatts (MW)Combustion turbine capacity
can range up to 500 MW.

15 milesper power plant

24 inches forombined cyclesDiameter for small power plants is
calculated using Panhandle Equation assuraihgat rate 08,000
Btu/kWh (to estimate gas throughput)

5 billion cubic feet of incremental working gas capacity for every 1
billion cubic feet pr day of LNG export capacity added after 2020.

1 billion cubic feet of incremental working gas capacity for every 1
Gigawatt of incremental gafred generating capacity added after
2020.

1,880horsepower per billion cubic feet of working gas capaftitysalt
cavern storage

610horsepower per billion cubic feet of working gas capacity for
depleted reservoir storage

1,200horsepower per billion cubic feet of working gas capacity for
aquifer reservoir storage
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Criteria for New Infrastructure Development (Continued)

Criteria

Portion of NGL production growtkthat Averageof 85 percent, vaes by play andegion.
requiresnew fractionation capacity

NGL Fractionation Plant Size Between 25000 and 500,000 barrels per dgjelding anaverageof
75,000 barrels per day for all production; varmsplayandregion.

NGL Laterals for Fractionation and Average 50 miles per 100,000 barrels per day of NGLs.
Petrochemical Facilities

NGL lateral diameter Average 14nches.

Crudeoil storage tank capacity Averageof 5,000 barrelper tank

Crudeoil storage tank farm size Average of 750 tanks per farm.

Crudeoil tank farmlaterals Average 20 miles per tank farm widimmetersranging between 12

and 24 inches.

Oil product pipeline miles Average of 1.3 miles per 1,000 barrels per day of incremental refin
output.
Oil product pipeline diameter Average of 15 inches, varies by PADD.

Pumping requirements focrude oil and Average of 177 horsepower per mile of pipeline.
oil product pipelines

Oil and gas lease equipment and offshore platform requirements calculations use data on incremental
well completions and the expected oil, gas and NGL production fremvells. This analysis does not
provide detailed measures or metrics for lease equipment such as miles of flowlines and connections,
number of dehydrators, storage tanks, disposal systems, separators, etc. Expenditures for incremental
lease equipment, agdiscussed in Section 4, are directly proportional to the number of well completions.
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The report includes estimates of incremental capacity for offshore platforms for incremental oil, gas and
NGL production as a barrel of oil equivalent (BOE) rate basedwroffshore well completions.

Computations for the mileage forg gathering lineconsiders well spacing and configuration, the number
of wells in multiwell pad configuration, and the number of pads per processing plant. The core
calculations assuma certain amount ofgathering line mileag@er well. Estimates for compression
requirements for gas gathering lines rely on production levels and by assuminglafpred horsepower
to-production ratio, estimated from historical data.

Gas pocessing plant qaacityassumes that a portion of the production growth requires new processing
capacity The estimated number ofrpcessing plars needed relies on the required total incremental
processing capacity and assumesaggrrage plant sizéor each geographic ase Calculations for pipeline
lateral requirements for connecting processing plants with pipeline mainlines rely on the number of new
plants required, with an assumed mileage for each lateral. The estimated diameter of the laterals relies
on the size of thgas processing plants in a geographic area.

The number of unplanned gdised power plants developBy considering the growth of gdsed power

generation Applying the total incremental gas power plant capacity helps to estimate the number of new

gas paver plants built in each geographic area, based on assumed plant sizes. The required lateral pipeline
mileage is then calculated using an assumed mileage per plant. The estimated diameter for the laterals
relies on the required throughput for each plant, ¢ Odzf 6 SR o6l aSR 2y SI OK LX I yi

In response to LNG and power plant additions, new gas storage assets dekatepalmileage, sizing
and compression needed to connect gas storage develops based on the amount of storage capacity added.

NGLpipeline capacitglevelops basedn supplydevelopmentNorth Americaimarket growth and export
activity. Infrastructure tallies include announced NGL pipeline projects that are under construction or
deemed far enough along in the development processdae sompletion. This includes N&w-mix
pipelinesand pipelines built to transport a single liquifior example,ethane or propangor a mix of
condensate product§for example pentanesplus) used as a diluent for oil transport

Additionally, the NGL pipeline capacity includes new NGL pipplioiects to support future supply
development and market growttNGLgproducedin relativelyconstrained areasequire new pipelinedo

foster transport of the liquids tonarket areas or exart facilities. If unknown, pieline mileage fonew

capacity estimates rely on thdistance betweengeographic areasand the sizeof the pipelineand

pumpingrequirementsconsiderexpected throughput.

NGL lateral mileage from gas processingnd fractioration facilitiesto an NGLtransmission lineis
calculated based on the amount of NGLs processed (i.e., removed from the gas stream). Lateral mileage
and the diameter of each lateral estimates rely on an assumed number of miles per volume of NGLs
processedhnd based on an average processiragtionation plant size.

Incremental NGfractionation capacitestimations relyon NGL supply development and market growth
NGLexport capacity iscenariedependent, based on supply development and market activity.
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Required al gathering line connectionsrise only for highproductivity oil wells Wells with ow
productivity do not require gathering liseas locatank storage andield trucking handlesoil production
An assumedd Odzli 2 FF¢ T2 NJ Sa lely YHUR) B welitlis fo SeparaiehighBrd 208
productivitywells.Oil gathering linenileage is themerivedbased on theaumber of wells pedrill site, if
anaverage mileage @atheringline needed for each higproductivitywell.

The need for crudeil transmissiorcapacityderivesfrom supplydevelopmentandimport/export activity.
The study considers rail and trucking of oil as transport options. The pipeline stack inandemeed
pipelineprojects If unknown for a project,ipeline mileageesimatesbased on thalistance betweerhe
relevant geographic areas for each project are used. The study estinatesaf a pipelineandpumping
requirementsbased orthroughput

Additions of cude oil storageely on oil production growthwithin geogaphic areas. Theumber of crude

oil tanksdevelops from the requiredtorage capacityor fields, assuming aaverage tank sizeThe
required rumber of tank farmslevelops based on an average number of storage tanks per tank farm. The
lateral mileage fobil storage capacitgstimations derive from assumptions of required needeites of
lateral per tank farm.

As mentioned above, this study accounts for crude oil transport by rails. Thus, planned rail cars and loading
and unloading terminal capacity adidihs make up part of the infrastructure stack. However, the study
does not include unplanned rail car and terminal loading/unloading capacity, as incremental pipeline
capacity equates as a more cadtective option for unplanned capacity, especially wtbka capacity
requirement is significant.

Included are planned crude oil refinery capacity additions and enhancements. The study includes changes
G2 NBFTAYSNASAE 2yfe Ay GKA&a OFrGS3I2NE o0SOlFdzaS Al
enhancenents and upgrades to existing capacity.

Need for crude product pipeline relies on growth in refinery output. Supply changes and market growth
influence the estimations of refinery output. New crude product pipeline miles calculations rely on the
miles needed per unit volume growth of refinery output as calculated from historical data. The assumed
diameter of the pipeline derives from on the average diameter for existing pipelines. Historical
horsepower per mile of pipeline statistics serve as the basedttmated pumping requirements.

2.2.2Estimating Capital Requirements for Oil and Gas Infrastructure Development

Historical unit costs of pipeline and compressor constructiely on Oil & Gas Journal survey of U.S.
pipeline and compressor station projeatompleted between 1980 through June 203inhce the cost data
for 2017 is not complete, a regression of the historical data estimates average cost for 2017.

The unit cost for pipeline construction heasensignificantly in recent yearsrhis illustrats the change
by comparing the regressed 2017 cost to the predicted value for the year 2017 in the previous study. The
average U.S. pipeline unit cost in 20&As about $230,000 (in 2016 dollars) per inctile, varying
regionally. In the 2016 INGAA Study, tpeedictedaverage U.S. pipeline unit cost in 204&s$158,000
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per inchmile. By contrast, the cost of compression tracked closely with the previous study witl. e
average unit cost for compressor station construction 012 is $3,100 per HP, varying by region
comparedwith $3,000 in the 2016 INGAA Study.

In the Constant Unit Cost scenario, the study assumes the unit costs for all assets remain constant in real
terms throughout the projection. The base year for the Canstnit Cost scenario is 2017.

In the Escalating Unit Cost scenario, the unit costs rise in real terms in the projection. Included are the
escalation of the unit costs for pipeline and compressor station construction determindiesesd on
regression othe historical unit costs with natural gas production growite regression was done by
region because the unit costs are very different across regions; for exanogls,ace relatively high in

the Northeast, where projects have been very difficult ariche-consuming to construct due to congested
corridors and rough terrain, but much lower in the So@hntral region, which has generally been in
open, rural corridors friendlier to infrastructure development. The construction costs for pipeline and
compresor stations shown ixhibit6 and Exhibit7, respectively.

The study assues the unit costs for other type of assets (surface and lease equipment, offshore
production platforms, gathering, processirgjc.) remain constant in real terms in the projection in the
Constant Unit Cost scenario aedcalate at the samaverage rate bthe unit cost for pipelines and
compressor stations in the Escalating Unit Cost scenario.
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Exhibit6: Pipeline Construction Cost (2016$ per Inbtfile) for the Escalating Unit Cost Case

New Northeast Pennsyl- South Central/ Pacific

] Mid Atlantic Southeast Florida Midwest ] . Califomia
England [NY, NI} vania Central Mountain  Northwest
2000 565,595 $217,511  $119,003 $55,733 577,425 $BD, 612 525,301 536,241 567,079 561,394
2001 $55,440 595,831 SB4,677 $51,902 564,427 5162,841 568,477 549,466 560,644 546,447
2002 $58,304 $524,223 $67,205 $86,858 571,357 $71,632 $409,681 $57,410 $77.896 $34,037 $1,587,181
2003 $81,100 $323,536 587,961 5495625 587,524 $121,235 562,066 552,727 5203,135
E 2004 $87,788 $415,355 $170,167 584,684 $108,700 $106,618 $119,339 $90,239 $108,552 $45,452 $122, 853 $55,582
m 2005 566,730 5253,797 594,846 5134,334 584,809 574,679 5107266  5102,164 559,459 556,779 573,688
O 06 sa47ss 578,354 $80301  SA9561 561,807
o 2007 $109,156 5405818  S620,070  5209,985 567,299 568,619 577,145 5154, 274
O 0 $68,083 $321,385  S422.668  S108,217  S217.086  $127.583 $146,625 575,375 5101, 829
b= | 3009 145,422 $134,468 5131,043 $179,172 5176625  $246,653
_E 2010 511165 5750271 5156,318 5110,587 584,744
A o011 $118,5999 5149,573 $117,103 5143415 5101194 584,370 5179,284
I | 002 5142 914 5414275 5133296 585,079 5465,039 $117,123 5115586 $308,531
2013 5218603 5573689  S390.662  SI07.304 5369954 510,026 5227477  S161,773  $219,281  S$132678 5170160 5238668
2014 $130,068 $193,247 5266028 $94,326 51,155,413 5114,372 589,964 $403,035
2015 5221,713 5568,032 5175283  S108617  $279,170 $172,275 5108407 5118454
2016 $356,149 $629,279 $663,510 $222,300 $253,541 $188,611 $156,852 $199,283

2017 $229708  $660,011  $594,650  $198,123  $248058  $159,500  $295338  §177.970  §161,942  $137381  S$187,132 5400264
2018 $240,053  G680754  $620,588 5203770  $257495  $164,654 5305894 5183457 167,615 §142,947  §193,824 5422666
2019 $250,397  S70L498 5646526 5209418 $266932  S169,806  S$316449  S188943  S$173,287 5148513 5200516 5445068
2020 S260,742  §722242 5672464 5215065  $276360 5174958  S$327,005 5194429  S$1780959 5154080  S207,208 5467471
2021 $271,087  $742,985  $698,402  $220,713  $285.806  $180,109  $337560  $199915  $184631  $1596456 5213900  $489.873
2002 $281,432  $763,730  $724,340  $226,360  $295242  $185261  $348116  S205402  $190,303  S$165212 5220592 $512,275
2003 5201776 5784473 750,278  S$232,008  S304,679  $190,413 5358672 5210888 $195975  SI70779 5227284 S534,677
2024 $302,121  G80S 217 5776215 $237,655  $314116 5195564  S$369,227 5216374  S200L647  S176,345 5233976 5557009
2025 5312 466  $825961  $802,153  $243,303  $323,553  S200,716  S379783  S221860  S207,319 S181911  S2400668 5579482
2026 $322,811  GB46705  S828.091 5248951  $332,990 205868  $390,339  $227.346  $212.091  §187,478  5247,360 5601884
2007 5331405  5853,938  $B849,639  5$253,647 5340830  S210,148  $399108 5231004 5217703 5192102 5252,919 5620494
J008 5338009  G877361  S866,423  5757,297  $346936 5213481  S405938 5235454 5271373 5195704  5257,249 5634990
2029 $341,937  GESS0S7  S876,046  $259,392  $350438 5215393 S409.854  $237.400  $223,478  S197,769  5258,732  S643302
2030  $347,151  G895513 5889120  5262,239 $355194  5217,989  S$415175 5240255  $226337 5200575  5263,105 5654503
2031 5350,200 5001826 897,014  $263,957 5358066 5219557 5418388 5241925 5228063 5202260 5265142 S66L411
2032 $354577 5910403  $907,739 266,293 5361968  S221 687 5422752 5244193 5230408 5204570 5267909  S670,675
2033 5357,183 5915630  $914,275  S$267,716  $364,346  S222,085 5425412 5245576 5231838 5205973 5269595 S676319
2034 $361,288  G923860  S924566 5260956  S$368,090 5225029  S429600 5247752 5234088  S208181  5272,250 5685208
2035 5364,232 5929764  S931,048  S$271,564 5370776 S226,496 5432604 5249314 S235702 S209766 5274155 5691583
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Historical Data

Projection

Exhibit7: Compressor Station Construction Cost (2016$ per Hvile) for the Escalating Unit Cost Case

New Northeast  Pennsyl- South Central/ Pacific

England (NY, NJ) vania Mid Atlantic Southeast Florida Midwest Central Mountain  Northwest California

2000 $1,866 $2,722 $2,125 $1,544 $1,754 $2,402 $2,402
2001 $1,840 $1,948 $1,542 $1,704 $1,516 $2,896 $2,323 $1,500 $1,970
2002 $1,788 $3,185 $1,914 $1,440 $1,746 $2,420 $2,429 $1,531 $1,583 $2,170 $1,874
2003 $1,833 $1,828 $2,911 $1,799 $3,055 $1,891 $1,352 $1,432
2004 $1,988 $2,818 $2,095 $1,756 $1,998
2005 $2,135 $2,346 $1,445 $2,393 $2,413 $1,673 $1,643 $2,367 $2,659
2006 $1,986 $3,237 $2,486 $2,261 $2,132 $1,840 $1,535 $1,313 $1,520
2007 $1,711 $2,504 $1,597 $1,422 $1,929 $1,551 $1,843
2008 $2,132 $3,185 $5,758 $2,668 $3,101 $1,781 $1,894 $2,116 $2,481
2009 $2,112 $2,435 $5,810 $2,235 $4,277 $2,331 $2,618 $1,668 $3,196 $2,158
2010 $2,857 $3,597 $2,378 $4,057 $5,015
2011 $2,669 $3,088 $1,613 $5,196 $3,282 $2,026 $4,191 $5,287
2012 $2,776 $2,050 $2,987 $4,211 $3,283 $2,487 $3,732 $2,899 $3,289
2013 $3,022 $4,097 $3,453 $3,011 $6,831 $3,463 $3,252 $4,933 $2,935 $3,745 $3,114 $3,343
2014 $3,001 $3,102 $2,972 $5,196 $2,996 $3,674 $4,882
2015 $2,913 $2,704 $2,721 $3,115 $4,430 $3,998 $3,322

2016 $2,958 $4,003 $4,721 $3,197 $6,116 $2,974 $1,913 $2,646

2017 $3,092 $4,205 $3,419 $3,030 $5,489 $3,729 $3,931 $3,347 $2,823 $4,562 $3,580 $5,675
2018 $3,243 $4,384 $3,561 $3,230 $5,874 $3,922 $4,185 $3,479 $2,939 $4,919 $3,782 $6,138
2019 $3,394 $4,563 $3,703 $3,429 $6,258 $4,115 $4,438 $3,612 $3,056 $5,276 $3,984 $6,602
2020 $3,545 $4,742 $3,844 $3,629 $6,642 $4,309 $4,691 $3,744 $3,172 $5,633 $4,185 $7,065
2021 $3,696 $4,921 $3,986 $3,828 $7,027 $4,502 $4,944 $3,876 $3,288 $5,990 $4,387 $7,528
2022 $3,847 $5,100 $4,128 $4,028 $7,411 $4,695 $5,197 $4,008 $3,405 $6,347 $4,589 $7,991
2023 $3,998 $5,278 $4,269 $4,227 $7,795 $4,889 $5,450 $4,141 $3,521 $6,704 $4,790 $8,454
2024 $4,149 $5,457 $4,411 $4,427 $8,180 $5,082 $5,704 $4,273 $3,638 $7,060 $4,992 $8,917
2025 $4,300 $5,636 $4,553 $4,626 $8,564 $5,275 $5,957 $4,405 $3,754 $7,417 $5,194 $9,380
2026 $4,451 $5,815 $4,694 $4,826 $8,949 $5,469 $6,210 $4,537 $3,871 $7,774 $5,395 $9,844
2027 $4,576 $5,964 $4,812 $4,992 $9,268 $5,629 $6,420 $4,647 $3,967 $8,071 $5,563 $10,228
2028 $4,674 $6,080 $4,904 $5,121 $9,517 $5,754 $6,584 $4,733 $4,043 $8,302 $5,693 $10,528
2029 $4,730 $6,146 $4,956 $5,195 $9,659 $5,826 $6,678 $4,782 $4,086 $8,434 $5,768 $10,700
2030 $4,806 $6,236 $5,028 $5,295 $9,853 $5,924 $6,805 $4,849 $4,144 $8,614 $5,870 $10,933
2031 $4,852 $6,291 $5,071 $5,356 $9,970 $5,982 $6,883 $4,889 $4,180 $8,723 $5,931 $11,074
2032 $4,914 $6,365 $5,129 $5,439 $10,129 $6,062 $6,987 $4,944 $4,228 $8,870 $6,014 $11,266
2033 $4,953 $6,410 $5,165 $5,489 $10,226 $6,111 $7,051 $4,977 $4,257 $8,960 $6,065 $11,382
2034 $5,012 $6,481 $5,221 $5,568 $10,378 $6,188 $7,151 $5,029 $4,303 $9,102 $6,145 $11,566
2035 $5,055 $6,531 $5,262 $5,625 $10,488 $6,243 $7,223 $5,067 $4,337 $9,204 $6,203 $11,698
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nallerdiameter pipes useth gathering systems have lowenit costs that vary by diameteAs shown

in Exhibit8, gathering linecostsfor pipesbetween 2 and 22nches in diameterange from$29,000 to
$167,000 per incimile in 2017, well below the average inofile cast of the largerdiameter

transmission pipelines discussed above. The study assumes the costs for larger diameter gathering line
are equal to the U.S. average cost for the transmission pipeline.
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Exhibit8: Gathering PipelineCost(2016$ per InckMile) for the Escalating Unit Cost Case
12" 14" 22" 24" 26" 28"
2010  $35065 $29,221 $23,754 $24,131 $36,762 $62,212 $96,146 $100,388 $103,205 $106,022 $108,839 $111,656 $111,656 $111,656 $111,656
2011  $35464 $29,553 $24,381 $25,120 $38,789 $66,495 $105,283 $113,595 $114,946 $116,297 $117,648 $118,999 $118,999 $118,999 $118,999
2012 $35911 $29,926 $25029 $26,117 $40,808 $70,733 $114,261 $126,503 $130,606 $134,708 $138,811 $142,914 $142,914 $142,914 $142,914
2013 $39,341 $32,784 $27,419 $28,611 $44,705 $77,489 $125174 $138,586 $158,500 $178,595 $198,599 $218,603 $218,603 $218,603 $218,603
2014 $41,304 $34,420 $28,788 $30,040 $46,937 $81,357 $131,423 $145504 $145,504 $145504 $145504 $145504 $145,504 $145504 $145,504
2015  $43,493 $36,244 $30,313 $31,631 $49,424 $85668 $138,387 $153,214 $170,339 $187,464 $204,588 $221,713 $221,713 $221,713 $221,713
2016  $45522 $37,935 $31,728 $33,107 $51,730 $89,665 $144,843 $160,362 $209,309 $258,256 $307,202 $356,149 $356,149 $356,149 $356,149
2017  $29,361 $24,467 $20,464 $21,353 $33,364 $57,832 $93,420 $103,430 $134,999 $166,569 $198,138 $229,708 $229,708 $229,708 $229,708
2018 $30,683 $25569 $21,385 $22,315 $34,867 $60,436 $97,628 $108,088 $141,079 $174,070 $207,061 $240,053 $240,053 $240,053 $240,053
2019  $32,005 $26,671 $22,307 $23,277 $36,370 $63,041 $101,835 $112,746 $147,159 $181,571 $215984 $250,397 $250,397 $250,397 $250,397
2020  $33,327 $27,773 $23228 $24,238 $37,872 $65,645 $106,042 $117,404 $153,238 $189,073 $224,907 $260,742 $260,742 $260,742 $260,742
2021 $34,650 $28,875 $24,150 $25200 $39,375 $68,249 $110,249 $122,061 $159,318 $196,574 $233,831 $271,087 $271,087 $271,087 $271,087
2022 $35972 $29,977 $25071 $26,161 $40,877 $70,854 $114,456 $126,719 $165,397 $204,076 $242,754 $281,432 $281,432 $281,432 $281,432
2023 $37,294  $31,078 $25,993 $27,123 $42,380 $73,458 $118,663 $131,377 $171,477 $211,577 $251,677 $291,776 $291,776 $291,776 $291,776
2024 $38,616 $32,180 $26,914 $28,085 $43,882 $76,063 $122,870 $136,035 $177,557 $219,078 $260,600 $302,121 $302,121 $302,121 $302,121
2025  $39,939 $33,282 $27,836 $29,046 $45385 $78,667 $127,078 $140,693 $183,636 $226,580 $269,523 $312,466 $312,466 $312,466 $312,466
2026 $41,261 $34,384 $28,758 $30,008 $46,887 $81,272 $131,285 $145351 $189,716 $234,081 $278,446 $322,811 $322,811 $322,811 $322,811
2027  $42,359  $35299 $29,523 $30,807 $48,136 $83,435 $134,780 $149,221 $194,767 $240,313 $285,859 $331,405 $331,405 $331,405 $331,405
2028  $43,215 $36,012 $30,120 $31,429 $49,108 $85120 $137,502 $152,235 $198,701 $245,167 $291,633 $338,099 $338,099 $338,099 $338,099
2029  $43,706  $36,421 $30,461 $31,786 $49,665 $86,087 $139,063 $153,963 $200,956 $247,950 $294,943 $341,937 $341,937 $341,937 $341,937
2030  $44,372  $36,977 $30,926 $32,271 $50,423 $87,399 $141,184 $156,311 $204,021 $251,731 $299,441 $347,151 $347,151 $347,151 $347,151
2031  $44,774 $37,312 $31,206 $32,563 $50,880 $88,192 $142,464 $157,728 $205,871 $254,014 $302,157 $350,299 $350,299 $350,299 $350,299
2032  $45321 $37,768 $31,587 $32,961 $51,501 $89,269 $144,204 $159,654 $208,385 $257,115 $305,846 $354,577 $354,577 $354,577 $354,577
2033 $45654 $38,045 $31,820 $33,203 $51,880 $89,925 $145,264 $160,828 $209,917 $259,006 $308,095 $357,183 $357,183 $357,183 $357,183
2034  $46,179 $38,482 $32,185 $33,585 $52,476 $90,959 $146,933 $162,676 $212,329 $261,982 $311,635 $361,288 $361,288 $361,288 $361,288
2035  $46,555 $38,796 $32,448 $33,858 $52,904 $91,700 $148,130 $164,002 $214,059 $264,117 $314,174 $364,232 $364,232 $364,232 $364,232
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The study estimategase equipment costbased oiiclA Oil and Gas Lease Equipment and Operating Cost
data, with cost adjustments from on thBroducer Price Index Industry Datarh the Bureau of Labor
Statistics.Costs averag882,500per gas well and $2,000 per oil well Oil and gas offshore platform
costs rely onhistorical expenditure information provided by various sourc@$fshore developments
apply average platform cosof $23,500 per barrel of oil equivalent.

Exhibit9 shows gas storage field costs. Costs vary depending on the type of underground storage field
(i.e., salt cavern, depleted reservoir, or aquifer storage) with an average of $35 million per billion cubic
feet of working gas capacity applied for new projestsl $29 million per billion cubic feet of working gas
capacity applied for expansion projects.

Exhibit9: Natural Gas Storage Costs2017(Million$ per Billion Cubic Feedf Working Gas Capacity)

CASEtR ¢@ 9ELJ yaA:
SaltCavern $32 $38
Depleted Reservoir $19 $22
Aquifer $37 $45

Other unit costs for remaining types of assets as estimated from various sources and the unit costs for
2017 are as follows:

i Gas processing costs (not including compression)adaut $635,000 per million cubic feet per
day of processed capacityCompression requirements for gas processing plants are 100
horsepower per million cubic feet per day of capacity, and the costs associated with it add to the
cost of capacity directly above.

U Costs folNGLfractionation facilities averagabout $6,300 per barrel of oil equivalent (BOR9r
dayof processeNGls.

i Costs forNGLexport facilities are purity dependentiveraging abou$6,000 per barrel of oil
equivalent (BOE) per day ethane,about$4,850 perBOE per day for propane and butane.

U Costs of LNG export facilitieas identified in U.S. Department of Eneegyport applications and
other publidy availablesources average$5 billion to $6 billionper billion cubic feet per dapf
exportcapaciy.

0 The unit cosfor crude oil stoage tanks assumed to be abd5 per barrebf oil.

0 The unit cost for crude oil refining capacity expansion is about $12,000 per BOE per day.

As mentioned above, the study assumes the unit cost projection for thesésasseemain constant in
real terms in the projection in the Constant Unit Cost scenario arabtalate at the same average rate
of the unit cost for gelines and compressor stations in the Escalating Unit Cost scenario.
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Oil and gas markets are uncertain because of relatively low commaodity prices currently hampering supply
development. In late 2015, crude oil prices declined precipitously, mainly because of a supply glut brought

about by reduced growth idf 261t YIN]J Sdad ! OO2NRAy3I (2 GKS | of
Information Administration, U.S. crude oil production increased significantly into 2015, with production
peaking at over 9 million barrels per day. The increase came almost entirely énafogment of tight oil

and shale plays. The growth reduced U.S. crude oil imports and contributed to a significant supply
overhang in global markets, adding to record crude oil inventory levels.

At the same time, natural gas and NGL prices declinedsjporese to robust gas supply growth occurring
from shale resources. The mild winter of 2alihcreated a U.S. natural gas storage overhang that further
reduced prices, and natural gas at Henry Hub fell to under $2 per MMBtu by March 2016.

The low commodityrice environment has slowed E&P activity and arrested the supply increases that had
been occurring before 2016. Slowing supply growth has resulted in reduced infrastructure development,
creating a cloud of uncertainty for future oil and gas infrastruetgrowth. While the future remains
uncertain, the environment remains positive for oil and gas development in the longer term.

Several factors should increase supply and motivate infrastructure development. Notably, the North
American shale and tightloand gas resource base is enormous, with a large amount of relatively low
cost oil and gas remaining to be developed. The application of technology is continuing to reduce drilling
costs and enhance well productivity. Thus, the unit cost of oil and gaiiption continues to decline.

In addition to the productivity gains and cost reductions, markets appear poised for growth. Indeed,
refinery input and output has increased during the past few years as North American oil production
creates renewed interesh refinery investments to increase product output. Natural gas exports are on
the cusp of growing significantly, both to Mexico and to markets around the globe. Further, low gas prices
have fostered growth in the power generation market as coal plamsicue to retire across the U.S. This
trend seems irreversible in light of regulations that encourage clean power. However, it is worth noting
that while the scenarios include currently enacted environmental regulations and regional efforts to
control cabon emissions, they do not include any federal programs aimed at carbon emissions, such as
the Clean Power Plan. Nevertheless, the relatively low gas price environment generally discourages
additional investment to upgrade or further limit emissions fraoal plants, especially considering that

the threat of federal carbon control still looms on the horizon. Petrochemical facilities appear poised for
a resurgence, as supply development continues to put downward pressure on natural gas and NGL prices.

This study foresees a dynamic natural gas resource base and growth across a number of faaHiits (
10). Most notably, refinery input continues toénease, albeit relatively modestly, and continued tight oil
supply development in the U.S. and incremental imports from Canada modestly reductermaarrude
imports from overseas, consistent with recent trends. Natural gas markets grow to meet strarmgand
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at petrochemical facilities and in the power sector, where coal plants continue to retire and some nuclear
plants see retirement at the end of their §@ar life. LNG and Mexican exports of natural gas also rise
significantly over time, consistentthirecent trends. For NGL, both domestic ethylene and polypropylene
production increase along with exports. The sustained market growth projected in the scenario relies
supply development that occurs at reasonable prices. This study assumes West Texxasdiatte crude

oil prices are $75 by 2025 and remain constant thereafter while the Henry Hub price averages a little over
$3 per MMBtu through 2035.

The unit cost for pipeline construction hasensignificantly in recent yearsThe arerage U.S. pipeline
unit cost in 201Tvasabout $230,000 (in 2016 dollars) per iactile, varying regionallyin the 2016 INGAA
Study, theprojectedaverage U.S. pipeline unit cost in 2017 was $158,000 pemiileh

This study considers two differenteimds for unit costs over timm assess the uncertainty of costs and
investigate the impacts on future capital expenditurésctors affecting unit cost of mafstructure
development include project delaysifficulty of permitting and approvals, anest of raw materials and
labor. Thehighdegree of uncertainty with project development makes it difficult to foresee a single set
of assumptions for future unit costs.

Hence, this study considers two scenayied 2 y a i yad | yAG [/ 2 & &asplgulbled 9 a Ol f |
scenariosd / 2y aidl yid | yAd [/ 2aiGé¢ aOSylINR2 laadzySa GKS dzy/a
the projection.d 9 a Ol € F GAyYy 3 ! yAG [/ 2340¢ esc@daf rebldetnsthroughoizly S& G K S
the projectionperiod. Includedare the unit cost projectionsleterminationsbased on regression of the

historical pipeline and compression unit costs with natural gas production growth.

An assumption applied tonit costs for other type of assets (surface and lease equipment, offshore
production platforms, gathering, processing and fractionation infrastructure projectisat theyescalate

at the same average rate of the unit cost for pipelines and compressor stafistisiates of capital
expenditures for the projected infrastructurdevelopmentapply theunit cost trends for each ahese
scenarios
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Exhibit10: Scenario Assumptions and Trends

Macroeconomics U.S. Gross Domestic Product (GDP) gro
at 2.1 percent per year

U.S. Industrial Production grows kb6
percent per year

Global economic activity rebounds to pre
2015 growth rates

Oil and Gas Supply  U.S. Recoverable oil resourae250 billion
barrelsand recoverable gas resource at
3,500trillion cubic feet

Recoverable resource appreciates by 0.
percent per year

Average well productivity improves by
roughly 20 percent every-I0years

U.S. Oil Market WTI rises from currrg level to $75 per
Dynamics barrel (201&) by 2025

Other crude imports decline to 6MMBpd
by 2035

Refineryinput grows from 16.9 MMBpd in
2017 to 18.68MMBpd by 2035

Oil products transport up with refinery
output
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Exhibit10: Scenario Assumptions and Trends (Continued)

U.S. Natural Gas Henry Hub prices average about $3.30 p
Market Dynamics MMBtu (2016$%)

Modest growth in households and
commercialestablishments using gas,
mostly due to oito-gas conversions

Petrochemical gas use lyetween 1 and 2
billion cubic feet per day (Bcfd) over
current level by 2035

Hectric load growth averages Gpercent
per year

155 Gigawatts (GW) of coal plants retire k
2035

16 GW of nuclear plants retire by 2035

468 GWh of additional nehydro
renewables generatioby 2035

Modest penetration of gas vehicles
amounts to 0.2 billion cubic feet per year
consumption pos020

LNGexportsand exports toMexico average
17.6Bcfd after 2020

U.S. NGL Market NGL prices track oil and gas prices
Dynamics

0.8MMBpd of ethylene production.g.,
ethane crackers) added through 2035

0.1MMBpd ofpropane dehydrogenation
(PDH) consumptioadded through 2035

Butane & Pentane+ consumption grows
0.65 MMBpd through 2035

NGL exports average0 MMBpd after
2020
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3.2 Comparison of Supply, Demand, and Pipeline Capacity in the Scenarios

As mentioned above, both studgenarios use the same projections for U.S. and Canadian sigrpignd
and pipeline capacity. This section further examines those trends.

3.2.1 ProjectedOil, Gas, and NGL Production

The projection in the study shows noticeable increases in production from ahdléght resources.

The studyshows a robust growthin total crude oil production for the U.S. and Canada over the course of
the projection Exhibit11). Increases ithe Permian, Niobrara and Bakken mibduction are more than
offset by declines in conventional productioks a resulttotal U.S production increases from its current
levelof roughly B million barrels per day to nearly 20 million barrels per day by 208#s growing supply
results in the need fonew pipeline transport and oil handling capability

U.S. mtural gagproduction also seesignificantgrowth ¢ to 130 billion cubic feet peday (Bcfd) by 2035
(Exhibit 12) ¢ spurredby growing marketsAn ncreased resource base and accelerated technological
advancement yields lower gasices, and thus, greater market growth.

The concentration of U.S. natural gas production growth is in shale and tight formations. As is the case for
oil, the productivity gains in shale resources continue to increase production from shale plays, while
conventional onshore and other production that includes coalbed methane and offshore Gulf of Mexico
gas supplies declines. Because shale plays are geographically widespread, production growth and the need
for new infrastructure is geographically widespread. natural gas capacity chart shown later in this
section will iluminate this point. However, as discussed later, because production costs are relatively low
in the Marcellus and Utica compared with production costs elsewhere, the study anticipates the
concentration of both production and new infrastructure needs will be in the U.S. Northeast.

ForNGLsproduction growth is also very significdat each of the scenariog&khibit13). This is
because NGLs track natural gas production over time; that occurs because NGLs-predubtyof the
gas production stream. NGL production grows by roughly 3.5 million barrels per day through\tBB5.
production growth is concentrated in unconventional (i.e., shale) resources

LG Aa ¢2NIK y20Ay3a GKFaG Ad Attt 06S AYLERNIFYyG F2N
projected in the scenarios. Absent this market growth, stranded liquids couklagvpotentially

becoming a deterrent to natural gas market development. This point requires further elaboration since

it is not necessarily an intuitive finding.

Ethane represents a significant portion of the NGL production increase, with 35 to @éhpef the NGL

stream containing that hydrocarbon. The gas stream can retain ethane and not separately extracted

from the stream or produced. When retained in the stream and not separately produced, it is referred

G2 Fa aSOKIyS NB2Q§8 aausaygdsipipelinesst 8niitSdiEhe amdunt of ethane
containedin the gas stream. As greater amounts get rejected into the gas stream, which is largely

comprised of methane, the heat content for the entire stream rises and may potentially @ypgeeline

limits. At that point, the stream is not suitable for gas pipeline transport, and would need to find

another option for transportation to markets. In short, it is important for NGL markets to evolve so that
ethane rejection does not become theNB GSNDH A f adGFAf ¢l 3FAy3aT GKS R23E
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Further, it is also uncommon for gas pipelines to transport propane or butane, as the heat content of
those hydrocarbons is too high to for absorption into the stream. With the levels of NGL production
exhibited in the scenarios, lack of markets for thygiiils could strain gas transport. To avoid such a
problem, development of ethane crackers, polypropylene facilities and NGL export terminals are
necessary. Such market development would likely develop mostly along the Gulf Coast, making the
development ofincremental transport of liquidéaden streams via pipeline and/or rail a necessity.

Exhibit11: Crude Oil Production in the Scenari@élillion Barrel per Day)
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Exhibit12: Natural Gas Productioin the ScenariogBillion Cubic Feet per Day)
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3.2.2 ProjectedMarkets for Oil, Gas and NGLs

The study sees U.S. and Canada refinery output increasing as productiortight oil supplies and
imports of heavy crude from Western Canada gr&xhikit 14 shows refinery crude oil input increase
from their current level of 18.8 millmobarrels per day to 20.5 million barrels per day because of refinery
upgrades and refurbishments.

Oil production increases from different regions in the U.S. and Canada. Much of the incremental supply
to support an increasing utilization of U.S. refingrimmes from Western Canad#hile it is true that
Canadian imports could increase by roughly 1 million barrels per day with projects like Keystone XL, the
exhibit doesnot necessarily tell the full storyThat is, the U.S. oil stream is becoming more lyigh
comprised of light sweet crudes from regions like the Permian. In the future, the study sees greater U.S.
refinery blending of the Canadian heavy oil with lighter crudes from the U.S

Not only do the increased supplies of Canadian oil and the lighteetewcrudes increase refinery input
over time, but they also displace crude oil imports from other countries. The increase of domestic crude
oil production along with the incremental imports of heavy crude oil from Western Canada potentially
cuts crude diimports from other countries in half over time. Increasing refinery input would increase oil
product output and potentially higher U.S. exports of refined products.

U.S. and Canada natural gas demand, including LNG exports and pipeline export to Wihiicoease
to 130 billion cubic feet per dajkhibit15) from 91 billion cubic feet per day in 2017.

LNG exports, which grow to over 12 billion cubic feetgey in the study, represent one of the largest
growth markets. LNG exports are supported by 15 to 30 trains of liquefaction capacity, almost entirely
located along the U.S. Gulf Coast. A significant amount of liquefaction capacity is already under
construgion and scheduled to come online over the next few years.

The secondnost noticeable area of growth for gas use comes from the power sector, where incremental
gas use in the U.S. and Canada grows by 17 billion cubic feet per day. This is driven bgnetfeoat

fired power plants, which will switch to leaost natural gas or renewable generation, as well as electric
load growth and nuclear plant retirements. This study assumes significant electric load growth consistent
with ISO projections. It alsssumes that nuclear plants retire after they reach the age of 60 years.

The final two growth components for natural gas consumption are exports to Mexico and petrochemical

gas useExports to Mexico rise by rougtybillion cubic feet per day, driven WS LI  OSYSy G 2F a S
oil-fired generating facilities with gared generating facilitiesPetrochemical gas use the U.Sgrows

by between 1 and 2 billion cubic feet per day. Most of the increase occurs at refineries, ammonia
(fertilizer) plants andor methanol production.

The U.S. NGL market grows by 3.2 million barrels per day. The biggest growth component for NGLs is
exports, which increase by 1.5 million barrels per day. Propane, most of which is exported to Asia to
support polypropylene produain, represents the single largest export component. Ethane, which is used

in ethane crackers domestically to produce ethylene, sees the second largest growth. More modest
growth occurs for butane and pentanes+, which are used mostly in refineries.
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Exhibt 14: U.S. & Canada Refinery Input (Million Barrel per Day)
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Exhibit15: U.S. and Canada Natural Gas Market Growth (Billion Cubic Feet per Day)
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3.2.3 ProjectedTransport of Oil, Gas, and NGLs

Consideringthe production and market dynamics discussed above, the study uses the modeling
framework discussed in Section 2 to assess the amount of pipeline capacity needed to support transport
of ail, gas, and NGL. This ssdxtion discusses results of that analy3ike study estimates the addition

of 7.7 million barrels per day of new oil capaciggxifibit 16). Much of the new transport capability, or

0.9 million barrels peday, is already under construction and scheduled to be completed within tkie ne

12 months (year 201:2019).

Exhibit16: Crude Oil Pipeline Capacity Added in the Scenarios (Million Barrel per Day)

Originating Regi 2017 S llverag:!
riginating Region e nnua
0.9 1.6

U.S. and Canada 1.8 3.8 1.0 0.5 7.7 0.4
U.s. 1.7 0.9 1.6 2.3 0.6 0.5 5.8 03
Canada 0.1 - - 1.4 0.4 - 1.8 0.1
Central 0.8 - - 1.0 0.1 - 1.1 0.1
Midwest 0.6

Northeast

Offshore

Southeast

Southwest 0.3 0.9 1.6 1.4 0.5 0.5 4.8 0.3

Western

Alaska

Geographically, that capacity is concentrated in the Central, Midwest and Southwest. Incremental
transport in the Central and Midwest is already being added to support imports of heavy crude oil from
lfOSNIFQAa 2Af &l yRa® ¢ Kaeady urdeidy HefSra theéllaps@NPoRBic@sl & G K |
and nearterm slowdown in oil sands development. Another portion of the capacity is aimed at
transporting incremental supplies from the Bakken toward the East Coast and Gulf Coast. Yet another
portion of the capacity transports growing supplies of crude oil from West Texas to refineries
concentrated mostly along the Texas Gulf Coast.
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In each of the cases after 2020, 1.8 million barrels per day of incremental transport is needed to support
imports of heavyONXzZRS FTNRBY ! f 6 SNIIQa 2Af alkyRad® az2zaid 27
per day is added in the Southwest to support additional transport of crude oil from the Permian Basin
toward the Midcontinent and Gulf Coast refinery complex. Therfaar Basin is the most prolific and cost
effective U.S. oiproducing area, so it stands to reason that any resource base improvements and
technological advances would have a more pronounced impact on production from that area. The
remainder of the incremetal transport originates from the Bakken into the Midwest.

Most new U.S. oil pipeline transport project is projected for completion in the next is five to 10 years (2023
to 2028). As oil production growth slows over the projection period, the need adrimental capacity also
slows as alreadiuilt capacity is relied on to transport incremental supplies.

The study projects the need for 57 billion cubic feet per day of new gas pipeline capacity to support the
levels of production and market growth that apeojected through 2035Exhibit17). That means 3.1
billion cubic feet per day per year of incremental transport is added to an already extensive gas
transportation retwork that currently provides roughly 150 billion cubic feet per day of transport
capability. Thus, the size of the U.S. gas transportation network will increase at a rate of roughly 2.5
percent per year in the future.

Unlike oil transport, which is momgeographically limited, the buildout of the gas transportation network

is expected in many different areas. Much of the new gas pipeline capacity will originate from the massive
Marcellus and Utica production basins. The study estimates about 25 billmo f@et per day of new
capacity to move Marcellus and Utica supplies to consumers and export facilities.

Because there are many different pipeline projects aimed at providing the incremental transport for
Marcellus/Utica gas, many different companies wilS Yy STA G FNBY RS@St 2LIYSyl

2 ¥
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consumers and the overall economy, as discussed in Section 5.
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Exhibit17: Natural Gas Pipeline Capacity Added in the Scenarios (Billion Cubic Feet per Day)

Total | A
Originating 2017 | 2018 | 2019 | 2021- | 2026- | 2031- 23138 ;:;:sr
Region 2020 | 2025 | 2030 | 2035 | .. | o oo
15.0 19.6 18.1 43 9.2 55

U.S. and Canada 56.7 3.1
U.s. 13.8 17.6 15.3 3.8 8.7 5.0 50.4 2.8
Canada 1.2 2.0 2.8 0.5 0.5 0.5 6.3 0.3
Central 0.1 0.4 0.9 1.6 1.3 0.5 4.6 0.3
Midwest 4.3 2.6 0.4 1.0 3.4 1.0 8.4 0.5
Northeast 1.7 6.6 3.6 1.0 3.0 2.5 16.7 0.9
Offshore - - - - - - -

Southeast 4.2 2.4 0.8 0.2 - - 3.3 0.2
Southwest 3.6 5.7 9.0 - 1.0 1.0 16.6 0.9
Western = = 0.7 = = = 0.7 0.0
Alaska - - - - - - -

Development of Marcellus/Utica supplies as well as development of supplies from other basins (e.g., the
Haynesville in Northwest Louisiana and East Texasiwgéict development elsewhere because of the
market growth that these supplies support. Thus, the scenarios project a significant amaQriillion

cubic feet per day of new capacity is needed in the Southwest and Southeast, primarily to facilitate LNG
and Mexican exports as well as growth of-fjesd power generation.

The study finds little need for new gas pipeline capacity in the Central and Western U.S. These areas are

I f NBI RIA WGBS NI YR KI @S Y2RSad SE LS Okconsumpiohdn thes2 NJ Y | NJ
areas may struggle to keep pace with growth elsewhere. Gas consumption may even decline in the
westernmost parts of the continent, especially in California where there is an increases docu

renewable energy policies.

Unlike oil, whee development of new capacity noticeably slows over the projection period, the study
projects more uniform gas pipeline capacity development throughout the projection period. While the
cases project a slowdown from the very robust expansion that is likelgke place over the next few

years, the scenarios also project 19 billion cubic feet per day of new capability in the U.S. and Canada after
2020. This result depends on the size of the resource base and continued technological advancements.
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For transprt of NGLs, the study projects the development of 3.6 million barrels per day of new pipeline
capacity to support the production and market growth projected through 2@#&ipit 18). Aimost all

this new capacity will be placed in service over the next decade.

Exhibit18: NGL Pipeline Capacity Added in the Scenarios (Million Barrel per Day)

Originating

U.S. and Canada

u.s. 0.3
Canada 0.1
Central -
Midwest -
Northeast 0.1
Offshore -
Southeast -
Southwest 0.3
Western =

Alaska -

0.8
0.1
0.0
0.3
0.3

0.2

1.5
0.3
0.2
0.2

0.4

0.3

0.3
0.1

2019-| 2021- | 2026- | 2031-
Region 2017 | 2018 2020 | 2025 | 2030 | 2035
0.5 0.9 1.8 0.4 0.4 =

3.6

3.1
0.5
0.3
0.8
0.3

Average
Annual
2018-
2035

0.2
0.2
0.0
0.0
0.0
0.0

The areas for development of new capacity incltlikx 1) Northeast; home to the Marcellus and Utica,
where gas production is likely to continue to grow very rapidly; 2) the Midwest, where the Aux Sable
liquids extraction facility resides; and 3) the Southwest, where there are potentially a large namber
aKIF G
Southwest, is also home to Mont Belvieu, TX, a widely recognized location for NGL transactions, that is
near several sites where additional petrochemieailities (i.e., ethane crackers and polypropylene

agSié¢ 3IALa LI &a

plants) and NGL export terminals could be built or expanded.

O2y il Ay &AIYATAOL Y

I Y2 dzy i &

39



AhAft | YRTFBF &0 NHzOG dzNB  wS|j dzA N

The supply, demand, and transport dynamics discussed in the previous section lay the foundation for
determining the need for oil, gas and NGL infrastructidew infrastructurewill be requiredto process

and transport hydrocarbonom regionswhere production is projectedto growto locations where the
hydrocarbons are usedhus, the types and amounts of oil and gas infrastructure and the associated
capital investment is dependent on how the produced volumes of crude oil, natural gas and NGLs are
procesed, refined and transported across the UaBd Canada.

This section examines the oil and gas infrastructure needed for each of the scenarios. It begins with a high
level overview of infrastructure requirements, and then investigates the specific requitsnfi@r each
infrastructure category. It then examines regional trends for infrastructure development and
expenditures. Results from this section are applied in the following section to analyze the potential
economic impacts of oil, gas and NGL infrastitestdevelopment, most notably employment and GDP
impacts.

4.1 Overview of Oil and Gas Infrastructure Development

Applying the modeling tools and methodology discussed in Section 2, total oil and gas infrastructure
investment is projected to range between $6B#ion and $898 billion from 2018 through 2035 for the
Constant Unit Cost and Escalating Unit Cost, respectiZghil{it19), averaging between $55 billion and

$70 billion per year.These estimates align well with the aforementioned oil and gas infrastructure
investment of $316 billio{roughly $63.2 billion a yeathat has occurred during the past five years,
suggesting that the robust environment for oil and galastructure development has not yet run its
course and is likely to continue for many years.

Exhibit19: Projected Capital Investment in Oil and Gas Infrastructure from 2@085 (Billion 2016$)

Constant Unit Cost, 2018-2035 Escalating Unit Cost, 2018-2035
(Billions of 2016$) (Billions of 20169)
$685 $898

——
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Investment is strongest for natural gas gathering, processing and transport, with capital outlays totaling
between $370 billion and $465 billion over the projection period, accounting for between 54 and 52
percent of the total investment. Natural gas irdteucture development has significant upside and risk
because of uncertainties around gas market development. Oil capital expenditures range from $268 billion
to $375 billion. NGL investment is a more modest $47 billion to $58 billion (i.e., 6 percéettotdl), as
expenditures are more narrowly focused on fractionation facilities and a few large pipeline projects.

Much of the infrastructure projected faces regulatory hurdles, but because this study is aimed at
qguantifying potential infrastructure devepment and its associated CAPEX, it assumes that regulatory
hurdles will be overcome and infrastructure will be built in response to market needs. However, it is worth
noting that project delays from the regulatory approval processes or legal challengessmnificant
downside risk for projected investment and the associated economic benefits discussed later in Section
5.

For the most part and as mentioned above, infrastructure development and its associated CAPEX is
relatively steady throughout the pregtion period, averaging between $38 billion and $50 billion per year
(Exhibit 20). While robust infrastructure buildout is likely to continue over the next few years,
development remains significant even in the longer term, with investment in new infrastructure (not
including enhancements, upgrades, replacements and refurbishments of existing infrastructure) ranging
between$34 and 68 billion after 2020 Investment ishowever, much higher in the Escalated Unit Cost
Casewhere the aforementioned upside potential for gas infrastructure development is realized.

Exhibit20: Oil and Gas Infrastructure CAPEX by Year (Billion 2016%$)

Total U.S. and Canada Capital Expenditures,
Year of Commissioning, Billions of 2016$
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4.2 Oil and Gamfrastructure Development by Category

This portion of the report discusses investment by category. Expenditures across categories are first
discussed imroad terms directly below, and then each category is separately examined.

Among the categories, westment is greatest for surface and lease equipment, with capital expenditures
totaling between $222 billion and $319 billion from 2018 to 2035, accounting for 32 and 35 percent of the
total oil and gas infrastructure investmeriExhibit21). The average annual CAPEX is steady from year to
year, ranging from $12.3 billion to $17.7 billion per ydzaxh(ibit22).

Pipeline development ranks second, with total CAPEX of $236 billion to $293 billion over the projection,
accounting for 34 and 33 percent of the total oil and gas infrastructure investriibese amounts equate
to an average annual CAPEX of between $13.1billion and $16.3 billion.

Gathering and processing investment runs a close third, with a total CAPEX of $130 billion to $174 billion
over the projection, accounting for 19 percent of thetal oil and gas infrastructure investment. The
average annual expenditure is $7.2 billion to $9.7 billion. The three remaining catageripert
terminals, refining and oil products transport and oil and gas storagalectively add a total CAPEX of

$96 billion to $112 billion over the projection, or $5.4 billion to $6.2 billion annually.

Exhibit21: Oil and Gas Infrastructure CAPEX from 2D35 by Category (Million 2015

2013-2017 Constant Cost, 2018-203! Escalating Cost, 2018-203
CAPEX % of Total CAPEX % of Total CAPEX % of Total

Surface and Lease Equipment $104,656 33.1% $221,863 32.4% $318,659 35.5%
Gathering and Processing $64,024 20.2% $130,334 19.0% $173,985 19.4%
Qil, Gas, and NGL Pipelines $115,114 36.4% $235,919 34.5% $292,951 32.6%
Oil and Gas Storage $5,334 1.7% $6,695 1.0% $8,019 0.9%

Refining and Oil Products Transpoft $17,031 5.4% $9,572 1.4% $11,397 1.3%

Export Terminals $10,151 3.2% $80,171 11.7% $92,668 10.3%
Total Expenditures $316,310 100.0% $684,555 100.0% $897,678 100.0%
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Exhibit22: AnnualOil and Gas Infrastructurc€APEX by Category (Million 2()6

Constant UnitCostCase
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4.2.1 Capital Expenditures for Surface and Lease Equipment

As discussed above, surface and lease equipment capital expenditures total $222 billiksl8rtaillion

over the projection. These values equate to annual expenditures of $12.3 billion to $17.7 billion for the
Constant Unit Cost Case and Escalating Unit Cost Case, respeiliedit23). The values align well with
average annual expenditures over the past five years.

Over half of the investment in surface and lease equipment is devoted to offshore oil platforms in the Gulf
of Mexico, with a projected anral CAPEX averaging between $7.5 billion and $11.0 billion. Rebounding
oil prices to $75 per barrel in real terms in each of the scenarios bolsters offshore development, with
nearly 350,000 barrels of oil equivalent per day added each year in both scefdrgs® statistics, as well

as others, are listed in the exhibit and are also shown in tables showing regional detail in Appé&imndix B.
production levels requirsevennew platforms every year, each of which are relatively large deater
platforms costing about $1 billion.

Projected annual CAPEX for onshore surface and lease equipment averages $4.8 billion and $6.7 billion
for the Constant Unit Cost Case and Escalating Unit Cost Case, respectively. While these values are
significant, they are somewhat lmav levels from ten years ago as the number of annual well completions

in the U.S. has declined significantly since that time. With the move away from conventional resource to
shale and tight resource development, individual wells have become more preductius, fewer wells

are required to increase production compared with a decade ago. Because there are fewer wells needed,
the amount of surface and lease equipment projected year by year is also much less than it once was,
driving down surface and leas®lj dzA LIYSy (i SELISYRAGdzNBa NBf I GABS (2
equipment is built to handle larger volumes of production, offsetting some of the cost reduction.
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Exhibit23: Surface and Lease Equipment CAPEX (Million 2016%)

Constant Unit Cost Case
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