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Background

The widely ecognized 2014 INGAA Foundation infrastructure study projected significant infrastructure
development, driven by robust market growth and continued development of North American
unconventional natural gas and crude oil supplies. Market conditions havegyetairamatically since
completion of that study, warranting an updated analysis of infrastructure developmiéns new
INGAA Foundation study has been undertaken with recent market changes in mind, and like past
studies, is focused on estimating futuretul gas, natural gas liquids (NGL), and oil midstream
requirements and the potential capital expenditures associated with that development. This study
specifically analyzes the potential impacts of reduced commodity (i.e., oil and gas) prices andiriactors
uncertainty about the economic outlook.

Like past studies, this study informs industry, policymakers and stakeholders about the ongoing
ReEYyFYAOAd 2F b2NIK ! YSNAOIFIQa SySNHe YIN]JSGa FyR
benefit from the dundance of natural gas, crude oil and NGLs spread across the United States and
Canada. As with previous studies, impacts of midstream infrastructure investments on jobs and the
economy are evaluated, providing guidance to policymakers as they seek tomter¢o growth and
economic development, protect the environment, increase energy security and reduce the trade deficit.

In the context of this analysis, midstream infrastructure includes:
1 Natural gas gathering and lease equipment, processing, pipelinsgoatation and storage, and
LNG export facilities.
1 NGL pipeline transportation, fractionation and export facilities.
1 Crude oil gathering and lease equipment, pipeline transportation and storage facilities.

Scenario Trends

Significant questions affectingidstream infrastructure development have been created by sustained
low oil and natural gas prices, an uncertain global and domestic economic outlook, and the pace at
which public policy will affect energy markets. Hence, this study considers two dstimarios; a

High Case and a Low Caseach reflecting very different pathways for supply growth and market
development:

1 The High Case is best characterized as a plausibly optimistic case for midstream infrastructure
development. The case assumes a nata in global economic activity that spurs increased use
of natural gas and oil over time and fosters a more robust pricing environment for oil and gas
supply development.

1 The Low Case is best characterized as adptsiistic case, in which a slower ewmic
recovery reduces the need for oil and gas development. The case assumes more robust
penetration of energy efficiency and nayas resources to support future power generation.




Figure ES 1: Consumption (top) and Production (méle and bottom) trends in the Low and High
Cases
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The key demand and production trends in the two scenarios are shown in FigrteABSioted above,

the market growth projected for each case is very different. The Low Case projects that naturss gas u
rises to merely 110 Bcfd by 2035, while the High Case projects growth to over 130 Bcfd. The most
noticeable difference in the trends occurs in the power sector, where the Low Case assumes lower




electricity demand growth, greater energy efficiency andrensignificant penetration of nogas
generating resources. In the Low Case, crude oil and condensate production is projected to decline from
13.4 million barrels per day in 2015 to 10.7 million barrels per day in 2035 due to lower oil prices. In the
HighCase, oil and condensate production is expected to be relatively flat over the forecast period. NGLs
production is expected to rise from 4.2 million barrels per day in 2015 to about 5.7 million barrels per
day by 2035 in the Low Case and 6.5 million bsupel day in the High Case.

On the supply side, shale gas production growth remains robust, motivating development of natural gas
AYFNI aGNUzOGdzNEd ¢KAA Aa (GKS OlFasS S@gSy (K2dzaK:
scenarios project lower wetlompletions. While new midstream infrastructure is needed, it is less than
was anticipated by the 2014 study, as both the number and scale of projects declines from the level of
activity that has occurred during the past five years. At the same time, #neigh fewer miles of pipe

are required in the future, investment in new gas pipelines remains significant because of continued
production growth from lowcost production areas like the Marcellus and Utica. Put another way,
incremental production fromaw-cost areas tends to offset declines in activity elsewhere.

Rounding out this supplgemand picture, NGL production will generally track natural gas production, as
a substantial portion of new natural gas production has a relatively high liquids cotdwety difference

with the 2014 study, however, is that the growth of oil production is much less pronounced due to the
reduced oil prices assumed in this study.

Pipeline Capacity Additions
The key trends from 2015 through 2035 for this work are sumrmedrés follows:

1 U.S. and Canadian natural gas transportation capacity addiigrojected at 44 to 58 Bcfd for
the two scenarios, with a midpoint value of 51 Bcfd.

1 U.S. and Canadian NGL capacity addition is projected to be 1.1 to 2.3 million BPDtfoy the
scenarios, with a midpoint of 1.7 million BPD.

I U.S. and Canadian oil pipeline capacity addition is projected at 4.5 to 6.9 million BPD, with a
midpoint value of 5.7 million BPD.

As noted above, even though continued infrastructure development isfisigmi, future midstream
development will be less than it has been recently as the market has undergone a very robust period of
development (i.e., $40 to $50 billion of annual investment) between 2010 and 2015, with aggressive
development of unconventionaksources. In 2016, we expect continued buildout of gas, oil, and NGL
infrastructure with many pipelines already under construction. About 40 to 50 percent of the natural gas
capacity originates in the U.S. Northeast, home to Marcellus and Utica develbpBignificant capacity

is also built in the U.S. Southwest, mostly associated with LNG and Mexican export activity.

A significant amount of natural gas pipeline development is projected to occur during the next five
years, with a noticeable drop afte020, especially in the Low Case where continued market growth is

1 Unlike the 2014 study, takeaway capacity includes both ingégional pipelines and intreegional pipelines, as
many such pipes are being built, particularly in the Marcellus and Utica regions.




much more modest. Over the next four years (2017 through 2020), Marcellus and Utica transport
capacity increases by roughly 12 Bcfd in the High Case, with substantial increases in capapitpto
natural gas exports. Further out (2020 through 2035), roughly 15 Bcfd of incremental capacity is built
across North America (i.e., 1 Bcfd per year) in the High Case, mostly to satisfy growtfiredgacwer
generation. With ga$ired generationgrowth being much more modest in the Low Case, only about half
of the natural gas capacity added after 2020 in the High Case is also included in the Low Case.

A large portion of oitelated pipeline capacity (3.3 million BPD) has already been builtvasdplaced

into service by late 2015. Most, if not all of the oil projects to be commissioned in 2016 are likely to be
completed, as they are already under construction. However, due to delays, some projects may nhot
come on line until 2017. In each casaly very modest (or no) oil pipeline development occurs after
2017.

Midstream Infrastructure Expenditure
¢tKA&a addzReQa Ol aSa akKz2gyY

1 Capital expenditure (CAPEX) for new midstream infrastructure will range from $471 billion to
$621 billion over the next 20 ges (see Figure EJ, with a midpoint expenditure of $546
billion. On an annual average basis, the expenditure is $22.5 to $30.0 billion per year.

1 Investment in pipelines (including both transmission and gathering lines and compression and
pumping) willrange from $183 billion to $282 billion, with a midpoint CAPEX of $232 billion.

As shown in Figure S most of this activity is associated with natural gas development, with much
lesser investment for oil and N@élated assets. The figure also showsatt development in the Low
Case averages about $5 to $10 billion per year below development in the High Case.

Figure ES2: Capital Expenditure for New Infrastructure from 2015 through 2035 (Billions of 2015%)

Low Case, 2015-2035 High Case, 2015-2035
(Billions of 20155) (Billions of 2015%)
$471 $621

NGL,
$43,
9.2%




A breakdown of tatl capital expenditures across different infrastructure categories, including the
midpoint values, is summarized in TablelESThe table generally shows that about 30 percent of the
future investment occurs in transmission pipeline development, with riiegority being spent for gas
pipelines. Nearly 90 percent of transmission pipeline expenditure is for the pipeline itself, with the
remainder being spent on compression and pumping. Investment for gathering systems is also very
significant, with about 2@ercent of total investment.

Table ES 1: Midstream Infrastructure Capital Expenditure by Infrastructure Categories

T

Total Investment in All Infrastructure 546
Natural Gas Infrastructure 267 352 310
Oil and NGL Infrastructure 180 245 212
Inprgmental Integrity Management ¢ 24 24 24

Emissions Control

Gas and Qil Transport 123 208 166

Gas Pipelines 90 145 118
Pipe 77 127 102
Compresors 13 18 16
Oil and NGL Pipelines 33 63 48
Pipe 29 54 41
Pumping 4 9 7
Gathering Systems 104 128 116
Pipe 36 43 39
Compressors and Pumps 23 30 27
Processing and Fractiation 45 55 50
Gas Storage and LNG & NGL Export Facilit 80 90 85
All Other Infrastructure (Lease Facilities) 140 171 155

It is also worth noting that the INGAA Foundation has included an estimated incremental expenditure of
$24 bilion for integrity management and NOXx control as part of the total expenditure on pipelines. This
incremental amount represents additional CAPEX for integrity management activities that were
anticipated at the time the study was prepared and emissionsrobmequirements to satisfy new
ambient air (NAAQS) standards for nitrogen oxides (NOXx). This incremental expenditure should be
interpreted as a ballpark estimate at this point in time because estimated integrity management costs
have not been adjusted treflect the particulars of recently proposed pipeline safety rules.




Infrastructure Metrics

Key metrics from 2015 through 2035 are summarized as follows:

1

Between 264,000 and 329,000 miles of pipeline (including both gathering and transport lines)
are addedwith a midpoint value of 296,000 miles).

Between 18,000 and 29,000 miles (midpoint of 23,000 miles) of new natural gas transmission
lines will be built.

In total, 30,000 to 48,000 miles (midpoint of 39,000 miles) of new pipeline will be needed for
gas,oil, and NGL transport.

Between 234,000 and 281,000 miles (midpoint of 257,000 miles) of new gas and oil gathering
line will be needed to collect incremental production between 682,000 and 823,000 new oil and
gas wells (midpoint of 752,000 new oil and gadls).

Compression for the new gas transmission lines ranges from 4.3 to 6.2 million horsepower
(midpoint 5.2 million horsepower).

Compression needed for new gas gathering ranges from 7.6 to 9.7 million horsepower (midpoint
8.7 million horsepower).

Totalcompression and pumping needed for all gathering and transmission lines range from 13.0
to 18.5 million horsepower (midpoint 15.8 million horsepower).

The total CAPEX for pipelines (i.e., for both miles of line and the total pumping and compression
needs)is between $183 and $282 billion (with a midpoint value of $232 billion).

About 120 to 290 Bcf of new working gas capacity, with a CAPEX of $2.3 to $4.8 billion added
(midpoint 3.6 billion).

Table ES 2: Pipeline Miles, Compressigrand Associated Capital Expenditures from 235

Low Case High Case

1,000 | 1"to | >8"to|>16"to Total | %Of 1,000 | 1"to | >8"to|>16"to Total | %of
Miles <g" | <16" | <24" otal | total Miles <8" | 16" | <24 Total

Natural
Gas

NGL

1364 169 167.4  63% g:zural 1634 212 118 122 2086 63%

05 85 05 01 97 4% NGL 05 107 08 01 121 4%

Crude Qil 84.2 0.2 0.6 2.0 86.9 33% Crude Oil 101.3 0.6 1.2 ST 108.2 33%

Total

221.1 25.6 264.0 100% Total 265.3 325 13.8 17.4 329.0 100%

1to >8" to > 16" to % of 110 > 8" to > 16" to % of
- DRSS EA T

gat”ra' 3,897 5,194 2,621 11,881 91% g:zu 4875 6900 3,861 15930 86%
as

NGL 147 75 22 16 259 2% NGL 303 102 33 16 454 2%
Crude Oil 35 10 68 735 848 7% Crude Oil 35 15 151 1,964 2,165 12%
Total 4,079 5,279 3,372 12,988 100% Total 5,213 7,017 5,841 18,549 100%

20156 | <8 | <16 | <24 Total | ool B 20158 | <8" | <16" | <24" Total

Natural
Gas

NGL

Natural
$27.8 $365 $253 $519 $141.5 77% Gas $33.6 $48.0 $45.6 $81.8 $209.0 74%

51.5 5161 521 502 520.0 11% NGL 520 5210 531 502 526.3 9%

Crude 0il $7.8 $04  $15 $122 $21.9 12% Crude Oil $9.4  $0.9  $42 5318 $46.4 16%

Total

$37.2 $52.9 $28.9 $64.3 $183.3 100% Total $45.1 $69.9 $52.8 5$113.9 $281.6 100%

10



Table E® O2 YLI NBa yladzNFt 3IFa YSGNAROa F2N SIOK 2F Gt
average values against relevant values from 2014 Study. The metrics clearly demonstrate that wuch ne
infrastructure is needed despite the market changes that have occurred during the past few years. Even

the Low Case, which is generally showing statistics that are between 20 percent and 30 percent lower

than those in the High Case, requires significanfrastructure development, particularly to
accommodate continued production growth and facilitate the development of LNG and Mexican
SELR2NI&d bS@OSNIKSt Saasx SFHOK 2F G(KAa addRReqQa Ol &
development when compad with the 2014 study.

Table ES 3: Natural Gas Metrics

2015-2035 Average Annual
Annual

Low Case High Case Low Case High Case  Midpoint Prior Study

Gas Well Completions (1000s) 227 258 10.8 12.3 11.6 14

Oil Well Completions (1000s) 455 565 21.7 26.9 243 41.4
Total Well Completions (1000s) 682 823 32.5 39.2 35.9 55.4
Miles of Transmission Mainline (1000s) 9.2 15.6 0.44 0.74 0.59 0.86
Storage Flds ant rovesimg amie o0y 84 B7 04 0ss 05 07
Miles of Gas Gathering Line (1000s) 149.8 179.3 7.1 8.5 7.8 13.7
Inch-Miles of Transmission Mainline (1000s) 304 510 14.5 24.3 19.4 26.5
Stomge Felds and Proeasomg Plons 1000 78 22 85 B9 m2 127
Inch-Miles of Gathering Line (1000s) 598 707 28.5 33.7 31.1 49.7
Compression for Pipelines (1000 HP) 4,252 6,205 202.5 295.5 249.0 195.8
Compression for Gathering Line (1000 HP) 7,628 9,726 363.2 463.1 413.2 370.9
Number of New Gas Power Plants 437 749 20.8 35.7 28.3 36.5
Gas Storage (Bcf Working Gas) 123 288 5.9 13.7 9.8 34

Processing Capacity (Bcfd) 34 41.9 1.6 2 1.8 1.5

LNG Export Facilities (Bcfd) 10.6 12 0.51 0.57 0.54 0.44

Economic Impact from the Midstream Infrastructure Expenditure

This study shows that:

1 Development of new infrastructure will add $655 billion to $861 billion of value tdJtige and
Canadian economies and result in employment of 323,000 and 425,000 people per year.

1 While many of the jobs associated with midstream development are concentrated in the
Southwestern and Northeastern U.S. and in Canada, the positive economictsmpic
infrastructure development are geographically widespread.

This study, like the 2014 study, projects significant employment impacts from new infrastructure
development. Every $100 million of investment in new infrastructure creates an average of @bout
jobs over the projection period and adds roughly $139 million in value to the U.S. and Canadian

11
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about 375,000 jobs per year will be created with aueahdded of $760 billion to the economy and $260

billion in taxes. By infrastructure category, investment and employment levels will be most significant

for the development of transmission pipelines and lease equipment in both scenarios. More than half of

the jobs associated with midstream infrastructure development will occur in the services sector and

other category.

While many of the economic benefits accrue directly to companies active in midstream development,
there are many indirect and induced beitefthat occur in many other industries, and a substantial
number of service sector jobs are created as a result of the midstream development. All sectors and
regions of North America benefit from infrastructure development.

The top ten states in the U.®ith total employment resulting from midstream investment are Texas,
Pennsylvania, Louisiana, Ohio, Califorrieew York, Oklahoma, Illinois, Kansas and West Virginia. Texas

will have the most significant job creation as a result of LNG export activityslaae gas and tight oil
RSOSt2LYSyiaod tSyyaetdryAiAl FyR [2dAaAlyl gAff KI @
ONBIF A2y A& RNAGSY o0& al NOStfdzak! GAO! RS@PSt 2LIYSy
export facility development.

2 California ranks fourth in terms of employmenbsily due to indirect and induced jobs (over 90 percent of total
jobs in California) from industry intdinkages within California and from other states. The modest direct
expenditures are related to enhanced oil recovery (EOR) activities and Monteleydavalopment.

12
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1.1 Study Objectives

The energylandscape hashangedsignificantlyin the two years sinceompletion of the lasiNGAA
Foundation midstream infrastructure studyMost notably, there has been a significant decline in
energy pices, with oilprices dropping from over $100 per barrel to under $30 per bamelthe
beginning of 2016andNorth Americamatural gaspricesrecently falling below $2 pemillion British
thermal units MMBtu). Despite these declinespbust growth in natural gas produ@n from shale
formations such as theMarcellusand Utica has continued at a rapid pacé addition, declining
economic activity in Asiamong other factorshascreated anuncertainenvironment for futureenergy
investments including midstreandevelgpment

While robust growth in U.S. and Canadian natural gas produckias continued to supporthe
development ofliquefied natural gagLNG)export terminals andassociatedmidstream infrastructure
development lower oil and LNG pricesombined with lever expectations of future global economic
growth, have reduced the momentum of LNG export activit the same time,there is growing
uncertainty about the extent of domestic growth of natural gagse in the power sector. This 2016
INGAA Foundatiostudy is designed to shed light dmow these uncertainties might affectidstream
infrastructure investmentsver the next 20 years.

The objective of this new study is to infottime industry, policymakersand stakeholders about the new
dynamics of North Ame@il Qa Sy S NiEsad ovf b Ntafed supptiemand outlook This study
assesseghe infrastructure neededn light of theseuncertainties The study estimates midstream
infrastructure requirements for natural gas, natural gas ligyd&Ls)and crude d; provides estimates
for capital expendituresmieeded in response taew integrity managementules and requirements for
greater reduction ofnitrogen oxides (NOX) and assesses theassociated economic benefjtsnost
notably Goss Domestic Produ¢GDPand jobs impactsof expectednfrastructure investments

The study consides recent trends and uncertaintief future commodity prices and investigat¢he
impacts of those trends on future infrastructure requirememswo distinct scenariosa 6High Caet
andadLow Cas&

U ¢KS & HighR@aSs5 best characterized as plausibly optimistic casdor midstream
infrastructure developmentTHs case assumes alieundin global economic activity that spurs
increased use of natural gas and oil over time.

U TKS & (LdeR@aSds best characterized as @ausibly lessoptimistic casefor midstream
infrastructure developmentIn this case, there is a slower recovery in global economies,
reducing the need for oil and gas developmelnt addition, the case assw® more robust
penetration of energy efficiencies and ngas resources to satisfy future power generation
needs.

3 http://www.ingaa.org/File.aspx?id=21498

13


http://www.ingaa.org/File.aspx?id=21498

1.2 Scope of Work
This 2016 study assesses midstream infrastructure needs through 2035 and includes an extensive
update oftrends in the productia of natural gasNGLsand oil The study considetbe following:

U Regional natural gas supptiemand projections that rely on the most current market trends.

U North Americarexploration and productiomctivity that is supported bg robust, costeffective,
and growingesource baséor oil and natural gas

U An assessment afatural gas use ipower plans, considering load requirements arah ever
changingmix of generation assets.

U0 An assessment of lease equipment, gathering, procesaimjfractionation eeds to permit the
delivery of hydrocarbons to an already extensive pipeline grid that supports delivery to markets
and endusers.

U Reviav of underground natural gas storage requirements by region.
U Analysis oNGLsand oil infrastructure requirements

It isalso worth noting that the INGAA Foundation has included an estimated incremental expenditure of
$24 billion for integrity management and NOx control as part of the total expenditure on pipelines. This
incremental amount representscremental capital gxendituresfor integrity management activities

that were anticipated at the timéhis study was prepared and emissions control requirements to satisfy
new ambient air (NAAQS) standards for nitrogen oxides (NOx). This incremental expenditure should be
interpreted as a ballpark estimate at this point in time because estimated integrity management costs
have not been adjusted to reflect the particularstbé recently proposed pipeline safety ruley the
Pipeline and Hazardous Materials Safety Administraf®RitiMSA

In addition toassessingxpenditures for oil, NGl.and natural gas pipeline systerdevelopment this
study shows the levels of investmentequired for oil and gas gathering systemxpansion gas
processing plantievelopment gas storage fielduildout, power generationcrude oil storage terminal
development NGLdractionationcapacity developmenNGLsxport facilitiesbuildout, oil and gas lease
equipment development and LNG export faciit construction Midstream development covers all
faciities from the wellhead to the citygate (or directly to the endiser in the case of power plants and
industrialfacilities. The study, however, does notcluderefurbishment and replacement expenditures
for non-pipeline assets

The economic impact andais is based on IMPLANodeling, which providedlirect, indirect and
induced impactof the midstream developmenbn the econony. The studyexpandson the scope of
the 2014 studypy assessingtate-level impacts.

1.3 Study Regions
The study reports resultsased onthe Energy Information Administratigoipeline regions fothe U.S.
Lower 48 Results are also reported foffshore Gulf of Mexico, Canadand AlaskgseeFigurel for a

14



map showing all of the regions dmy herein. This is the same regional formapplied in the2014
study.

TheMarcellus and Utica shale plays are split between the Northeast and Midwest. Large gd&had
production growth from thee regionsis expected to drive much of the infrastruatl development in
the future. Regions with large gas demand groatsowill drive infrastructure development. In general,
the Southwest igurrently the largestconsuming egionand remains such for the foreseeable future
The Northeast, Midwestand Souheast willexhibit significanpower-generation demand growttgriven

by coal plant and nuclear power plant retirementnd these regions will have large investments in
transmission pipelines and lateralsas demand growth i@anaddrom power generationgasusefor

oil sands developmentind LNG exports from British Columbiaay result in significant investments in
gas infrastructure.

Figurel: Study Regions
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1.4 Infrastructure Coverage

Tablel lists the natural gas, N&,and crude oil infrastructure assessed imststudy. The categories of
mainline pipdine, lateral pipdine, and gatheing pipdine are used to group gapipeline projects
included in the analysi§eparate categories alsxist forNGLsand crude oil pipelines.

A mainline pipdine is defined aghe pipeline from supply areas to market areasd alateral is an

isolated segment that connects individual facilities or a cluster of facilitiea pipelin€Qd YL A Yyt Ay S
Lateral development isoften associated with only #&w specificreceipt and delivery pointswhile

mainline development supports deliveries more broadly between multiple suppliers and multipte end

users Laterals are often smalletiameter pipelines, while mainlines can be of any sizdependingon
collectivereceipt and delivery point requireents A gas gathering pipdine is the pipe that connects

wells toamainline or to agas processing plathat removesliquidsand norhydrocarbon gase#\n oil
gatheringpipeline collects and delivers crude oil from oil wells and condensate from gas wells to nearby

crude oil storage and treatment tanks or to crude oil transmission mainlines.
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Lease equipment for oil welldncludes accessory equipment, the disposal system,tréieation,
flowlines, free water knockout units, heater treatetssase Automatic Custody TransfeACT units,
manifolds, producing separators, production pumping equipment, production pumps, production valves
and mandrels, storage tankand test sepeators. Lease equipment for gas wellacludes dehydrators,
disposal pumps, electrification, flowlines and connections, the production package, production pumping
equipment, production pumpsand storage tanks.

Tablel: Midstream Irfrastructure Classifications

Natural Gas

Gas Transmission Mainline
Compressors for Gas Transmission Mainline
Gas Power Plant Laterals
Gas Storage Laterals
Gas Processing Plant Laterals
Gas Gathering Line
Compressors for Gas Gathering Line
Gas LeasEquipment
Gas Storage Fields
Gas Processing Plants
LNG Export Facilities
NGLsTransmission Mainline
Pump forNGLsTransmission Mainline
NGLd-ractionation Fellities
NGL<Export Facilities
Crude Oil Transmigs Mainline
Pump for Crude Oil Transmission Mainline
Crude Oil Gathering Line
Crude Oil Lease Equipment
Crude Oil Storage Laterals
Crude Oil Storage Tanks




1.5 Report Structure
The renainderof this reportcontains the following informatian

T

T

Section2 provides an overview of the modelingethodology andhe methodologyapplied to
assessnidstream infrastructurelevelopment and itessociated capital expenditurespecific
details forrelevantmetrics for eachype of midstreamassetare provided in Apendix B.

Section FExplainsthe two INGAA-oundationscenariosapplied in thisstudy,presents the

trends for oil and gaprices provides thetrendsfor demand, production and flows, and
examines market dynamics for gas, N@ind oil ppeline capacity

Section 4 provides the detaiflsr midstream developmentThe section starts with an overview,
followed bya detailed discussion that examines infrastructure development in the two
scenariosinfrastructuredevelopment for both scenarios is companeih infrastructure
development results from the 2014 study.

Section 5 includes an estimated incremental expenditure for integrity manageactinities

that were anticipated at the time the study was prepared #dNOXx control as part of the
total expenditue on pipelinesThe estimated expenditurdsgvenot been adjusted to reflect
GKS LI NIAOdzZE  NBE 2F tla{! Qa N6 addidonaldudsL?2 & SR
that were not considered in the 2014 study.

Section 6 lays out the methodology amgiits for the IMPLAN modebthat is appliecto derive
the economic impacts of the projectedidstream developmenéxpenditures.

Section 7 provides results of the IMPLAN modeling, including-laétassessment of GDP and
employment

Section8 summarize thekey conclusionsof the study.

There are three appendicéar this report:

1

Appendix A provides additional detdiits the ICF modehg tools applied to complete this
analysis

Appendix Brovides aable of the metrics applied to derive the infrasitture development
results.

Appendix C shows the various industry categatties are appliedn the IMPLAN modeling.
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2.1 Modeling Framework

In this study, midstream infrastructudevelopment anctapital expenditure requirements are

determinedo &SR 2y L/ CQ& aARa&l NS prdteskdgpicted igFigue2z0 i @2RB w S L2
MIR relies on four proprietary modeling tools, namely G&saarket Model (GMM)he Detailed

Production Report (DPRYNGLsTransport Mode(NGLTM)anda Crude Oil Transport Model (COTM).

Detailed descriptionsfahese tools are provided in Appendix A.

The GMM a full supplydemand equilibrium model of the North American gas mariet widely used
model for North Amerian gas marketslt determinesnatural gasprices, production and demand by
sector and regionThe GMM projects gas transmission capacity that is likely to be developed based on
gasmarket and supply dynamics.

L / ©OFRa vintage production model, is usdo estimatethe number ofoil andgaswell completions
and well recoveries based on the levels of gas produdtiahare calculated irthe GMM. Crudeoil and
NGLgroductionprojections are estimated in the DPR based on assliiquidsto-gas rati.

I/ CRGLTM and COTMe used teevaluateNGLsand crude oil flows andstimatepipeline capacity
requirements.The moded relyon NGLsand crude oiproduction from the DPRand considepipelines,
railways trucking routes andmarinechannels as means triinsporting raw (y-mix) and purity NGLs and
crude oil from production areas t@fineries, export terminalsand processing and industricilities
that use the hydrocarbons either as fuel or feedstock

Figure2: Modeling Tooldor the Midstream Infrastructure Report

Oil and gas well.completions

Gas production *  Crude oil production
Gas pipeline *  NGL production *  Crude oil pipeline * NGL pipeline
TN 4 - ~Crude Oil .
. "Gas Market: <Detailed - inort NGL Transport
" ‘Model ¥ _ Production G Model
b -..:: .. AnakAY, - v Ré R R s Lkt - NG TM
A G Pl B i
“1 i
Midstream Infrastructure

Assumptions
and Algorithms

Infrastructure Report » Metrics and Capital
(M|R) Expenditures
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2.2 Midstream Infrastructure Methodology and Assumptions
The MIR projects natural gdsGls,andcrude oilinfrastructure requirements by considering:

Regional natural gas supptiemand growth based oscenariomarke trends,

Well completion and production by regipn

Gas procesingand NGk fractionation requirements

Changes in powaslant gas use

Regional underground natural gas storage neexdxd

Changes in transportation of natural gablGLsand oil brought on by regional suppidemand
balances, changing market forces, and world trade of raw and refined energy products.

=4 =4 =4 4 -4 =4

2.2.1 Infrastructure Methodology

This section describethe methodology and assumptionshdat underlie the estimates of capital
expenditures for mdstream infrastructure buildoutThe assumptions used to form the basis for
estimatinginfrastructure development and the capital expenditures associated with that development
are set forth inAppendix Binfrastructure Metrics Assuptions

Nearterm infrastructure development includes projects that are currently under constructioarer
sufficiently advanced in the development process. Unplanned projects are included in the projection
when the market signals the need for new cejpya aswhen the basis between two regions grows
sufficientlyto justify a new pipelineln the High CasdéCFassume that the nearterm plannedprojects

will be built without significant delays in permitting and constructidn the Low Case, some plagth
projects are likely to be delayed due to increased uncertainty regarding project development and
market conditions Unplanned projects are built as pararket signals, but the development of such
projects is generally more robust in the High Case

As inthe 2014 report lease equipment, gathering, processiagd fractionation projects arincluded in

this infrastructure assessmentThese types of projects are built as needed to support supply
development While these projecttypicallyare financed as art of upstream project developmerthey
areincluded in this analysis because many of the investmentsiagdertaken by companies active in the
midstream space.

Natural @s transmission pipeline needs are based on projections ff@GMM. The decisiond add
pipeline capacity is based @upplygrowth and marketevolution within and acrossgeographic areas
Projects that are currently under developmenfincluding projects characterized asew pipeling
expansionprojects repurposng projects and reversls of pipelineg are included in the transmission
pipeline stackF 2 NJ S| OK 2 ¥ (i K Mdditiohal tlaRstn@sion caSiliy lisNtheided in
response ¢ future supply development and markerowth, and this additional capacitys linked to
bads differentials.Pipeline mileageand compressiorfor the additional capacityare then calculated
using rule-of-thumb estimates, which are based dristorical capacity expansiomlata along various
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pipeline corridors. Some outine replacement of oldetransmission pipeline&segments,in response to
the results ofintegrity managementassessmentsis included inL / @<idates of gas transmission
mileage.

The mileagdor gas gathering lingis computed by consideringncremental gas production and well
competions. Gathering line estimates are calculated using the number of well complegstispated
ultimate recovery (EUR) per wellell spacingand number of wells in multivell pad configuratioaand
by assuming a certain amount ghtheringline mileageper well. Compression requirements for gas
gathering lins are estimatedbased onproduction leve$ and by assuming a defined horsepower
production ratio.

Gas pocessing plant capacity is computeg assuminghat a portion of the production growthequires
new processing capacityhe rumber of pocessing plargthat isneeded isestimatedbased on theotal
incremental processing capacitigat is requiredand on average plant sizéor each geographic area
Pipeline lateral requirements for conneaj processing plantsvith pipeline mainlines are calculated
based on thenumber of new plantghat are required, with arassumed milage for each lateralThe
diameter of the lateralss estimated based on the size of thias processinglants in a geographirea

The number ofunplannedgasfired power plants isderived by consideringthe growth of gasfired
power generation from the GMMTIhe total hcremental gas power plant capacityappliedto estimate
the number of new gas power plants that will be Ibim eachgeographic area, based on assumed plant
sizes The requiredlateral pipeline mileage i#hen calculatedusing an assumed mileage per plafhe
diameter forthe laterals i®estimatedbased orthe requiredthroughputfor each plant, cleulatedbased
2y SIFOK LXLyidiQa KSFG NXGS

The decisiorto add unplannednatural gasstorage capacitys based ormarket growth andseasonal

price spreads9  OK 2 F (KA& &dGdzReQa a0 dafuraNgag storageyoeftsdzR S &
becausethe seasonal priceldNBS I Ra GKF G N3 O2YLJzi SR 0 @& suppbrC Qa
additional storage developmentMost industry observers recognize thedgystorage developmeradver

the past decadenas outpaed market growth.This omission oadditional storageprojects is a key
difference between this study and the 2014 study, which haduded unplannedadditional storage
projects. Lateralmileage andsizing and compression neefly plannedstorage projectsare included
whensuchinformationis available

As mentiored earlier, he level ofLNG exportdevelopmentis differentacross thed i dzRase3AThe
evolutionof LNG exporactivity is dependenton a number of factors, most notably global development
of LNG trade, competition with LNG export facilities developséwhere and counterparty interest in
incremental gas supplfEach scenario paints a different picture for LNG development based on the
underlying economic activity and assumed oil prices

4 Historical projects have been used to estimate how many miles are needed for future development on different
pipeline corridors.
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NGLspipeline capacityis based on suppldevelopment North Ameican market growth and export

activity. AnnouncedNGLspipeline projectsare includedfor S OK 2 F (i K S NGLraeix Qa OF
pipelinesand pipelines built to transport a single liquifior example,ethane or propangor a mix of
condensate productffor example pentanesplus) to be used as a diluent for oil transpate included

New, additionalprojects areincluded tosupport future supphydevelopment and markegrowth. NGLs
producedin relatively constrained areasequire new pipelinesto allow $ipping to market areas or
exportfacilities Otherwisegthane rejectioamay rise to levels that are unsupported by gas pipelines or

the liquids will be stranded, potentially limiting gas supply developmiéipeline mileage foadditional,

new projectsis estimatedbased on thalistance betweergeographic aregsand the sizeof the pipeline
andpumping requirements areestimated based oexpected throughput.

NGLslateral mileage from gas processingnd fractionation facilitieso a NGLstransmission lineis
calculatedbased on the amount dfiGLghat areprocessedi.e., removed from the gas stream)ateral
mileage andthe diameter for each lateralare estimatedbased on an assumesumber of miles per
volume of NGLs processed dpalsed on an average pressingfractionationplant size

IncrementalNGLsfractionation capacity igstimated tased onNGLssupply developmentand market
growth. NGLsexport capacity isssumed ireach of the scenariodased on the underlying environment
for globalNGLsuse.

Oil gathering line connections areequired only for highproductivty oil wells Wells with bw
productivity do not require gathering liseas oil production is handledith localtank storage andield
trucking. A écutoffé for EURiIs assumed teeparatehigh and low productivity wells. Oil gathering line
mileage isthen derived based on thenumber of wells pedrill site, assuming aaverage mileage of
gatheringline is neededfor eachof the high-productivitywells.

The need for crude oitansmissiorcapaity is based on supplgevelopmentandimport-export activity

The sudy ako consides rail and trucking of oil as transport optierAnnouncedpipeline projects have

been includedn the pipeline stack for each scenagriut the analysis assumes thahamber of projects

will be delayed or cancelled, depending on the progress of supply developthemknown, fpeline

mileage is estimatebased orthe distance betweerihe relevant geographic areas for each projéehe

sizing of the pipelineand pumping requirementsis estimated based orthroughput Because othe
f26SN) 2Af LINROSA | dadzYSR Ay SIFOK 2F (KAa addzReéeQa
asgreatas it was in the 2014 study, so pipelinedevelopment is significantlpwer in this study

Crude oil storage is added basedaproduction growthwithin geographic areag he rumber of crude
oil tanks is computetbased on the requiredtorage capacityor fields, assuming aaverage tank size
The required omber of tank farmss computedbased on araverage number of storage tanks gank

farm. The number of jpeline lateralsneededto connect thestorage capacity isstimatedby assuming
that so manymiles of laterabre neededper tank farm.

5 Ethane ejection refers tothe ethane that is left in the gas stream rather than besgparated from the gas
streamand soldas a liquid. If too much ethane is rejectedo the gas streamit will exceed the gas pipeline
quality spedications.
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2.2.2 Capital Requirement$or Midstream Infrastructure Development

Unit cost measures have been derived foainline and gatheringipelines, compressorsand pumps,
gasprocessing capacityand gasstorageusinghistorical expenditure information provided by various
sources Unit cost measies are applied to estimate total expenditures for midstream infrastructure
development As in the prior studythis study @sumesthat unit costs will remain constar(in real 2015
dollars)at the most recent value ovehe entire projection period.

Pipelhe cost assumptions have been derived by considetfiegOil and Gas Journ&#DGJ)dAnnual
Pipeline Economics Special Report, U.S. Pipeline Economics StudyB2G#8l. on the survegrovided
in the OGJaport, costsare currently$155,000 per inckhmile, versus the assumed value $163,000 per
inch-mile (in 2015dollarg in the 204 study. This relativelysmall 5percent reduction in costoccurs
because thesample of projects included in the latest OGJ study is larger th@rsamplein 2014
providinga more robustbasisfor cost estimation.

Regional asts vary significantlyas shownin Table2. For examplegcostsare considerably higher in the
Northeast and significantly lower in tH@uthwest.

Table2: Pipeline Regional Factors

Region Regional Cost Factors

Canada 0.80
Central 0.68
Midwest 1.25
Northeast 1.61
Offshore 1.00
Southeast 0.88
Southwest 0.81
Western 1.03

Smaller-diameter pipesused mostly in gathering systentsave lower cost that vary by diameterAs
shownin Table3, costs for pipedbetweenl and 16inches in diameter are assumed to range frabout
$55,000 to $.46,000 per inchmile, well below the averagénch-mile cost of largerdiameter pipes
discussed above

Table3: Gathering Line Costs

Diameter Gathering Line Costs
(W ES) (2015%/inchrmile)

1 $55,147

2 $41,360

4 $34,467

6 $28,827

8 $30,080

10 $47,000

12 $81,467

14 $131,601

16 $145,7a
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The OGJ report estimates average compression costs3 80 per horsepower(in 2015 dollars),
compared with $2,800 per horsepower in the prior stu@gmpression costs also vary by region, with
costs being highest in thdidwestand lowest in theWest

Table4: Compression and Pumping Regional Factors

Region Regional Cost Factors

Canada 1.00
Central 1.31
Midwest 1.34
Northeast 1.09
Offshore 1.00
Southeast 0.90
Southwest 0.87
Western 0.80

Gas storage field costare provided in Table 5. Costs vary depending othe type of underground
storagefield (i.e., salt cavern, depleted reservoior aquifer) with an average $32 million pebillion
cubic feet Bcf) of working gasapacity apliedfor new projects and $27 million per Bcf of working gas
capacity for expansion projects.

Table5: Natural Gas Storage Costs (Millions of 2015% per Bcf of Working Gas Capacity)

Field Type Expansion New
Salt Cavern $30 $35
Depleted Reservoir $17 $20
Aquifer $34 $42

Gas processing costs (not including compression)raughly $525,000 per million cubic feet per day
(MMcfd) of processed gagosts of LNG export facilitiegsidentified in U.S.Department of Energy
export appications andother publidy availablesources averagearound $5 billion to $ billion per
billion cubic feet per dayBcfd of exportcapacity Lease equipment costhave been estimateflom EIA
Oil and Gas Lease Equipment and Operating Cost daththe cost is adjusted to curreng¢vels (2015
dollars)based on Producer Price Index Industry Data ftbeBureau of Labor Statistic¥hose costs
average$103,000 per gas well and $250,000 per oil iell2015dollars).Costs foNGLdractionation
faciliies average $600 per barrel of oil equivalent (BOE) mfocessedNGL.Costs forNGLsexport
facilities are purity dependentaveraging$6,300 per BOE of ethane processe®f,100 per BOE of
propane processed, and 980 per BOE dfutane processedrinaly, the unitcostfor crude oil storage
tanksis assumed to be abodl5 per barrel of diproduced
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As notedearlier, oil and gas markets are in turmoiith low commodity pricescreating an uoertain

future for continued supply developmen§ince June 2014, crude oil prices have declpredipitously

mainly due to a supply glut anetduced market growth. According to EIAJ.S.crude oil production

increased by more than 58ercentfrom 2012 b 2015, peakingat about 9.7 million barrels per dag

April 2015 The increase has come almost entirely from developmenigbt oil and shale plays. During

the same period, crude oil production Canada increased by Jgercent with the development of

2 Sa0SNY /IylFRFEQa 2Aft &l y RBeselfaft®ts haveeaued U.Qdrude ofl Yy R & K |
importsandhavecontributed to a significant supply overhang in global markets.

Atthe same tim& { | dzRA ! Nltoankihtainprodecliad roZdafehgmarket shareleven in the
face of low oil priceshas exacerbated the supply glint global marketsin addition, he removal of
economic sanctions on Iran and tipeojected expansion of Iranian productioare likely to keep the
global supply of crude aiélatively highfor some period of time

Gobal demandchasweakened due to an economic slowdown in Asia and contiregethomic weakness
in the European Union. Bottf these factorgi.e., thesupply glut capledwith weak demandhave led
to record crudeoil inventory levelsaand thecollapse of crude oil prices

Uncertainty regarding demand growthis driven byan uncertaineconomic outlook¥ 2 NJ G KS g2 NI F
economies, includinghe United StatesCanadathe European Uniopand ChinaOver thepast decade,

demand for oilhas mainly been driven by Chseand, more generallyAsian economi@ctivity. Now,

with / K A yédoidanicactivity slowing over thepast year, there is significant uncertairdypout future

activity. U.S. and Canadian econeraictivity has iso slowed during recent yealgaving theoutlook for

future growth veryuncertain.

Lower oil prices have also cloedithe potential for LNG exports, dise oil-gas price spread has shrunk
This, in turnaffects the volume and timing of North Americaxports. Adding to the clouded outlogk
lingering uncertaintiesbout the regulation of carbon emissigradthe potential for increased energy
efficiency and increased market penetration by renewable energy t@olgies create questions about
growth in cemand for electricity andhe magnitude and timing ofrowth of gas demand in th&.S.
power sector.

The scale of uncertainthat currently exists irenergy maketsis more pronounced than it has been in
quite some time, making iis difficult, if not impossible,to developa single ébase cas& scenarioto
representoil and gas supplgevelopment andnarketgrowth and the associated infrastructure nde

For this reasonthe INGAAFoundationhas opted to developtwo likely scenariosin this study,an
boptiYA a G A O¢ | A BssoptinhisicS | & R Thliede w8 scenarionay be viewed aplausible
outcomes that bracket potential uncertainties for future market growth and infrastructure
development
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The macroeconomicassumptions for th & & ScdmRds@rd summarizedin Table6. Real U.S. GDP
growth is assumedto increase at 2.6 percerger yearin the High Case. In theLow Case, U.S. GDP is
assumedo grow at2 percentper year from 2016 througR025 andrebound to 2.6 percentper year
thereafter. Canadian economic activity tracks U.S. activity in each scerfanime oil pricgs while
summarizedn Table6 for completenessare discusseth detaillater in the repot. After 2015 inflation

is assumed t@average2.1 percentper yearin the High Case and 1.fercentper yearin the Low Case.
Althoughunlisted in Table 6, both scenarios assuthat U.S. population will grow at an average of
about 1 percent per yearAl® not listedbecause it is not a macroeconomic parametielis instead a
more general parameter applied in each scenamgdather is assumed to be consistent with averages
over a recent 28ear period Specificallyboth scenarios considefeating and Caling Degree Daythat
arebased on averageobserve from 1992through2011.

Table6: KeyMacroeconomicDifferencesBetween the High Case anthe Low Casé&cenarios

INGAA High Case (Optimistic INGAA Low Caskgss

Optimistig

U.S. Economic Growth Rate 5 R0 20162025 = 2.0%
(GDP Growth Rate) ZOLLE EETESE 2480 2026f0rward = 2.6%

. . 20162025 =1.7%

0,
Industrial Production Growth Rate 2.3% per year 2026forward = 2.3%
Oil Price in real 2014$/bbl 20162025 = $46%$75 20162030 = $36575
(Refiners' Average Cost of Crude) 2026forward = $75 203%forward = $75
Inflation Rate 2.1% 1.5%

A summary of key market trends #hown in Table 7. Both cases includelemand growth and
infrastructure developmentbut the pace and scale of developmeastconsiderably different for each
scenario By 2035, ¢otal U.S. and Canadian gasnsumptionin the High Case is about &illion cubic feet
(Tch abovethe level in the2014study. More than 7%ercentof this incrase is in powesectorgasuse
Reducedgas prices contribute to th increase.In addition environmental regulations, such as the
Mercury and Air Toxics Standards (MATS), continue to favor gas over coal gendratieass in
renewable generation andetirement of nuclear plantalso foster development of gas generation, as
gas generations needed to complementhe development ofrenewableresources or replace retired
assets Development of new gafired power plants in Mexicdoosts natural gas exposd from the
United Statedo Mexico.

By 2035, total U.S. and Canadian gas consumption ihaiveCase isabout 6.2 Tcflower than inthe
High CaseThis result isnainly attributed to the reduced growth of gagenerationin the power sector.
Reduced electd loadgrowth (.e., 0.3 percentper year versud percentper year in theHigh Case)and
increased penetration ofanewableresources are the primary factors that drive this trefrdaddition a

swS T Ay S Kifloi codt @ radk (RACC) represents the average price for all crude oil landed at U.S. refineries.
Its average has been fairly close to the price for West Texas Intermediate (WTI) crude over the past few years. We
assume that RACC and WTI will remadsaly linked in the future.
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portion of retired nuclear plantare replaced bynew modular nuclearunits. Outside the power sector,
LNG exports are down by 0.8 Tcf in thmv Case versus theHigh Case due toa reduced spread
betweenoil and gas prics. In response to theeduction indemandgrowth, total gas productiorfrom
the U.S. andCanala is lower by 7.2 Tcf in 2035 in tH®w Case versus theHigh Case. Shale gas
developmentis down by 6 Tcf in theow Case&ersusthe High Casestill, he Low Case does not reflect a
G RA a i N&dadoth& €ould occurif the downturn in economic atity is more pronounced and
prolonged.

Table7: Summary of Key Market Trends (Tcf)

High Case Low Case

United Statesand Canada 2015 2025 2035 %change 2015 2025 2035 %change

W5 to 85 W5 to 85
Gas Consumption 32.3 36.4 41.7 29% 32.3 34.0 355 10%
Gas Use in Power 11.2 13.7 18.0 61% 11.2 121 12.6
. 13%
Generation
Industrial Gas Use 8.7 9.7 10.5 21% 8.7 9.4 104 20%
Gas Production 33.8 42.6 48.0 42% 33.8 38.8 40.8 21%
Conventional Onshore Ge 8.4 5.2 4.4 -47% 8.4 51 4.2
. -50%
Production
Unconventional Onshore ~ 23.9 36.0 41.6 74% 23.9 325 35.1
: 47%
Gas Production
Shale Gas Production 18.1 30.4 35.4 96% 18.1 27.2 29.4 63%
Offshore Production 1.4 1.4 2.0 38% 14 1.2 15 8%
LNG Imports 0.2 0.1 0.1 -59% 0.2 0.1 0.1 -68%
LNG Eports 0.0 3.6 35 NA 0.0 25 2.7 NA
Net Exports to Mexico 1.0 2.2 25 160% 1.0 21 2.4 147%

32 4EEO 300AUBO0 0O0OITCHAW GRicess OAT AO A& O

As mentioned earlier, oil and gas prices have declined significantigcant years, and thecurrent
relatively low commodity price are creating much uncertainty regarding future supply and
infrastructure developmentlt is therefore important to explore oil and gas prices in greater depth,
because these pricesre criticalto future activity.

3.2.1 ProjectedOil Rices

West Texas Intermediate (WHN the Refiners Average Cost of Crude (RACC)dealieed from over

$100 per barrel in early 2014 to between $30 and $40 per barrel at present. As mentioned, this decline
wasdriven by a global supply glut andeweneconomic activity The scenariosreated forthis study
eachassume that the supply gluto varying degreesontinuesfor the remainder of this yeaand then
dissipates as Asian economic activity recovers and development of North American oil suppbeds|

a result,oil pricesrecover fromii 2 Rl @ Q& fatSaPasdthat lobkk def difierent for each of this

a (i dzBReer@ris (Figured).
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In each scenario, oil prices recover to a lontgem price of $75er barrel, consistent with the marginal

cost of supplyEven though each of thecenariosshows a significant recovery to thlongerterm price,

the levelstill is lower tharthe longerterm level of roughly $100 per barrassumedn the 2014 study

Thd s b2NIK ! YSNAOFQa 2Af LINE R diévéldpiefit is-gedkly rediiged | a2 O
when comparedvith correspondindevels in the 2014 study.

As also shown ifrigure3 and as mentioned above, the pa of recovery is much slower for the Low
Case versus the High Cag¢hile the High Case shows a more pronouno#édrice rebound in2016
followed by aU-shaped recovery to $75 per barrel by 2025, the Low Case shows a much less
pronounced rebound with alowerV-shaped recovery to $75 péarrel by 2030The low Caseassumes

oil prices below $40 per barrahtil 2018 (in 2015lollars.

The environment that underlies the High Case is a more rapid resumption of economic activity, reflected
by increased GD§owth assumed in the cas&€hus, the global supply overhadigsipateanore quickly

in the High Casevhile, conversely economic activityrecovers much more slowlin the Low Case,
reflected in the O & &d@uéed GDP growth. Consequently, the global sugploverhang is more
pronounced and prolonged in the Low €aghe ramifications of the oil price trend assumed in the Low
Casaarethat the supply development and market growth that underpin infrastructure developnaeat
delayed and less pronounced whemgoared with corresponding growth in the High Case.

Figure3: U.S. Refiner Acquisition Cost of Crude Oil
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3.2.2 Projected Natural Gas Prise

Like oil prices, natural gas prices have declined significamttgcentyears While Henry Hubprices
averaged close to $4 per MMBftom 2010 through 2014, these pricescently declined to under $2
per MMBtu This trend has been driven by robust supply growth that has ougbacarket growth
Recent declines in gas prices halsobeendriven by much milder than normal winter weathgwhich
has further weakened the supptiemand balance

L / GKIM price projections for the scenaritizat areconsideredn this studyshow that Henry Hub gas
prices will continue to remain relatively low during thext 12 to 24 months until gas demand grows
more robustly Henry Hub gas prices are projected to averageler $3 per MMBtu throughout #
remainder of2016 (Figure4). However, as demand growth accelerates, gasqw; like oil prices, are
projected to increaseEven so, the rate of increase alahgerterm prices are very different for each
scenario.

Figure4: Average Annual Natural Gas Prices at Henry Hub
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A robust increase in LNG and Nt=n exports drives prices up between 2017 and 2025 in both cases.
That demand growth will push prices high enough to support the necessary development of shale
resources, but not so high as to impaiarket growth Still, relatively low drilling costs amsbntinued
increases in well productivity will offset and reduce the upward pressure on prices caused by growing
demand.

In the High Case, gas prices rise to between $4.00 and $5.50 per MMBtu after 2020. Robust demand
growth, particularly from LNG and Miean exports and gafired power generationdrive total gas use

in the United Statesand Canada up to about 47 Tcf by 2035. Even with this robust demand growth,
natural gas prices in thédigh Caseare lower than the levels projected in the prior studyecause
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continued improvementsn well productivity have spurred thprolific development of shale gas plays
across North America.

Henry Hub prices in theow Case are projected to be muokver than in the High Case (i.e., an average
$0.50 to $1.00 per MMBt or 15 percent lower between 2020 and 2035). Gas use in the Low Case rises
to slightly above 40 Tcf by 2035, well below the level projected in the High Case. Clearly, reduced
economic activity coupled with a much more modest growth infijasl power geneation places less
upward pressure on natural gas prices.

3.3 Natural Gas Demand

Key assumptiongunderpinningnatural gas demand ar&immarizedin Table8. In the High Case, electric
load is assumed to grow at 0.9 gent per year from 2016 to 2020, and at 1.0 percent per \adtar
2020 In the Low Caseslectric load growth is projected to increase by only 0.3 percenter year
throughout the projectionin both cases, lzout 100 GW otoalfired capacityis projectedto retire, and

all nuclear plants arassumedo retire at their 60year life. However, in the Low Case, modular nuclear
units are expected to replace 2frcentof retired nuclearcapacity andthe capacity otwo of the most
recently constructechuclearpower plants is expected to be expanded Xypercent These changes
reduce demand for gas in the Low Case. Renewable penetration in the High Case is consistent with RPS
standards, wite renewable penetration in the Low Caiseassumed tincrease by 3@ercentrelative to

the High Casdurther reducingthe growth ofgas demand.

Table8: Natural GadDemand Assumptions

INGAA High Case (Optimistic) INGAA Low CaskdssOptimistig

Electricsalesgrowth (net of 201620 change: 0.9 percent per yea

energyefficiency) 2021-35 change: 1.0 percent per yea AMETE R RS pEIEe

Bitumen production increases to ove Bitumen productiorincreases to 2.75
3.5 million barrels per day by 2030 million barrels per day by 2030
Gas use for odands development Gas use for oil sands developmen

Gas demand for bitumen
production from Alberta Qil

Sands increases to 2.4 Bcfd by 2030 increases to 1.75 Bcfd by 2030
U.S. Gulf Coast: peak at 8.8 Bcfd b U.S. Gulf Coast: peak at 6.0 Befd k
2025 2029
U.S. East Coast: @leat 1.0 Bcfd by =~ U.S. East Coast: peak at 0.7 Bcfd |
LNGexports 2024 2028
U.S. West Coadilo exports U.S. West Coadilo exports
Alaska: No incremental exports Alaska: No incremental exps

British Columbia: 1.4 Bcfd by 2028  British Columbia: 0.9 Bcfd by 2032

Increases to 6 Befd by 2025 to 6.8 B¢

i 0
by 2035 Lower than High Case by 5%

Exports to Mexico
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Although not reflected in Table 8 the High Caseprojects relatively unchangedesidential and
commercial gas load While population growth and oito-gas conversions increase the number of
households that rely on gas, efficiency and conservation measures reduce individual househdllsuse
trend is even true for the Northeadtnited Stateswhere oitto-gas conversions armore prevalent
because conservation and efficiency measures tend to overwhelm other fagtard. ow Casprojects
amodest decline in R/@as load due teven greateefficiency gains

The High Case projects a relatively strgpogtrecession recovennidemand withcontinued growth of
petrochemicalactivity. Conversely, thé.ow Cas@rojects flatter industrial load because of lower growth
in industrial activity Each case projects slight increasesatural gas used to meet energy needs at
drilling rigs (up to 60 Bcflyr by 2020) ard fuel fortrucks used in the hydraulic fracturing procéapto

50 Bcflyr by 2020).

Mexico's growth in gasse outpaces development of its domestic suppliessulting inan increase in
U.S. gas expato Mexico in bothcasesExport volumes grow at a lower rate in thew Casédecause
reducedoil pricesfoster less replacement of oil generation wiglas generationThe High Case projects
over 11Bcfdof LNG export capacity for the U.S. and Canwaath, exports averaging.3Bcfd from 2016
to 2035while the Low Case projects 8 Bafficapacity with exports averaging.8 Bcfd from 2016 to
2035 The lower oilgas price spread promotes less Lékportin the Low Case.

3.3.1 Summary ofProjected Natural Gaklse

Total gas consumptig includingLNG and Mexicaaxports is projected to increasby 1.8 percentper
year in theHigh Case reaching an average giist over130 Bcfd by 2038Figure5). This totalincludes
about 10 Bcfd of LNG experand 7 Bcfd of exports to Mexiby 2035

This is an $ercent increase in gas use compared to the prior study. The increase is attributable
primarily to assumed incrementédNGexports andadditional exports taMexico. Also, gas udén the
power sectoris up in this study because the reduced gas price levels result in greater displacement of
coal generation.

In the near term, incremental gas use drivenmostly by growth in expor. In the longer term,he
power sectorbecomesthe largest single sourcef incremental gas consumption. Between 80dnd
2020, growthA y G KS & S O (i rivéhIDyinatdral §as capality repiacirig coal plants. Accelerated
growth isprojected after 202Q when Federal carbon regulatin is assumedAfter 2030, nuclear plant
retirementsusher in a newound of growth.

Total gas consumption, éluding LNG and Mexin exports is projected to be almost 20 Bcfd lower by
2035 in the Low CasBeduced economic activity does not bode well for energy use, leading to reduced
electric load growth that adversely affestnatural gasused for power generation. By 2035, power
generation gas use in the Low Case is 14.5 Bcfd lowerinithe High Case. Lower electric load growth,
higher renewable penetration, anithe penetration of modular aclear units are the primary drivers of
this trend.LNG exportsire also lower bynore than2 Bcfd through 2035, as global LNG trade is reduced
at the lower levels of economic activity that are assumed in the case.
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Figure5: Projected U.S. and Canadian Natural Gase(Average Annual Bcfd)

=" LNG Exports -

Power
Generation

Industrial

Commercial

Residential
Other*

High Case

3.3.2 Regional Natural Gadse

Regional natural gasseis higher in all U.S. regions in tHggh Caseelative to the prior study except for

the Offshoreregion wherelease and plantuseis#igi f @ 0Sf 24 ( KS. RégNFalRghiked (i dzR & Q 2
is lower in all regions in theow Caseersusthe HighCasgFigure6), primarilybecause ofower growth

in gas used fopower generation. Théargestdrop occurs in theSoutheastfollowed bythe Northeast

Southwest Midwest, and West, relative to theHigh CaseDemand in théSouthwestis also impacted by

LNG exporand Mexican export activity
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