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Background

Since the last INGAPoundationmidstream infrastruture study completed in 2011developmentof
North Americarunconventionahaturalgasand crude oikupplies particularlysupplies from shale
formations has continued at & unprecedentegace. With the evechanging supply picturenidstream
infrastrudure developmentis crucialfor efficient deliveryof growing supplieso markets Sufficient
infrastructure goes hand in hand witkell-functioningmarkets. Insufficientinfrastructurecanconstrain
market growthandstrand suppliespotentiallyleadngto increased price volatilitgnd reduced
economicactivity.

Natural gas usén North Americahasincreasa over the past decade, particularly in the power
generationsector wherenatural gashasbecomea fuel of choice.ln addition, there has beea
resuigenceof gas use in industrial applications at the relatively low gas prices that lravailed during
the past few yearsvhile growing production of natural gas liquiiNGLhasstimulatedrenewed
interest in petrochemicals production where ethane gmdpane are key feedstockisleanwhile,
growing oil production from unconventional sourdeascreated opportunitiesfor North American
refineriesto take advantage of crude supplies from various sources

Midstreaminfrastructureinvestmentshavebeenkeeping pacewith supply and markethanges
Producerof naturalgas crude oil and NGLare drivinginvestmentsin infrastructureby committingto
the pipelinecapacityneededto ensuredelivery of new suppliesto markets.Becausef thesedynamic,
the INGAAFoundationfelt compelledto update, further refine, and expandits infrastructurestudy. This
new study builds on the prior INGA#&undationstudyand consides how the shifting market dynamics
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experienced in recengears have alteredhfrastructure needand continwe to create opportunities and
challenges for midstream infrastructure development.

Introduction

Theobjectiveof this new studyis to inform industry, policymakersand stakeholdersabout the new
dynamicofb 2 NIi K | YSNR& O GadthSigfrasnitarethatwilbeddededto ensurethat
consumersenefitfrom the abundanceof naturalgas crude oil and NGL acroghe United Statesand
CanadaThisis particularlyrelevantaspolicymakerseekto promote job growth andeconomic
development, protect the environment,increaseenergysecurity, andreducethe trade deficit.

This studyassessemidstreaminfrastructureneedsthrough2035andincludesan extensiveupdate of
naturalgas NGL,.andoil productiontrendsbasedon projectionsof drilling activity and consideation of

the increasingecoverableresourcebaseand prevailingmarketconditions? This study expands on the
scope of the 2011 study assesshe changing market dynamics and the growing importance of crude
oil and NGL pragction. This studyalsore-assessesthe levels of investment in gas gathering systems
processing plantgyas storage fieldsind oil, gasand NGL transmission lin&#. alsoconsiders
investmentsthat werenot consideredn the 2011 study, including iegtmentsin compression for gas
gathering ling, crude oil gathering lirsg crude oil storagéerminals NGL fractionatiofacilities NGL
export facilities, oil and gas lease equipmerdliquefied natural gasl(NG export facilities These
facilities a@count fora substantial portion of the total midstream investments identified in this study

Sudy resultsare drivenby projectedincreasein U.S and Canadhn crude oil and naturajassupples,
aswell asNorth Americanmarketgrowth, particularlyin the powerand industriakectors. Naturalgas
importsin the form of LNGwhichin previousprojectionswere viewedasa marginalsupplysource
havebeendisplacedby evenmore robustdomesticgasand NGLproductiongrowth, and LNG export
capability haseen introducedn this updatedstudy. The study projectthat NGLuse will grow
particularly in petrochemical application also projectsmiew oil suppliesvill flow to refineries through
new or repurposed pipelinénfrastructure, displacing foreign jports of oil over time.

A Brief Comparisomvith the 2011 Study

Since the prior study was completed in 2011, hydrocarbon development from shale formations has
continued at a rapid pace. Development of resources from areas like the Marcellus, HayreexVille
Barnettshale play$as continued, and some tife areas, most notably the Marcellus and Bakkbale
have continued to surpass expectations. In addition, new aliéa&sthe Eagle Ford and Niobrashale,

>This study assesses the amoufinew midstream infrastructure needed and the costs associated with its
development over time. It does not assess infrastructure replacement and its costs, nor does it assess the costs of
operations and maintenance (O&M) of the infrastructure.

% While thisstudy considers investment in crude oil transport, it does not consider investment in the transport of
refined products because they are transported from refineries, and those lines are not considered to be part of the
midstream space.



have joined the mix of formations under rapigwklopment.The result is that atural gas resource
development has continued unabated, aN&Land oil development has also surgedrecent years
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current study, like the prior
study, projecs significant development of natural gas infrastructure to accommodate the rapidly
growing gas supplies from shale. Thus, much new gas gathering and pipeline infrastnilt toee

needead well into the future. Whilghe pipelineprojectsincluded in this studyypicallyare shorter

distance projects than those foreseen in the prior study, the costs and levels of investment in them is
about the same as in the prior study because pipgecosts have rise since the earlier study.

In addition to the significantaturalgas development that is foreseen, the projected levels of oil and
NGL midstream infrastructurgevelopmentare greaterthan in the prior study. Thjén large partisdue

to the increased expectations for oil and liquids development #rabeing spurred by relatively high

oil prices. In addition, a number of newer-a@hd liquidsrich plays, such as the Eagle Ford and Niobrara,
have entered the development fray, and are adglto the incremental oil and liquids development over
time. The enhanced oil and liquids developmébas created ampleopportunity for new midstream
infrastructureand significantly increasihe level of investment in oil and liquids transport versus
estimates from the prior study.

This new study includes some investments that weoé consideredn the prior study. To formulate a

more complete accounting for midstream infrastructure development, this new study includes
substantial investments ileaseequipment For oil wells, this equipment includpsmps, valves and
manifolds, flowlines and connections, stock tanks, separators, and hizatders.For gas wells, the
equipment considered includggimps, flowlines and connections, and dehydratémsaddtion, this

new study includes investments in liquids fractionation facilities, LNG export facilities, oil gathering lines,
and compression and pumps for gathering systesti®f which werenot considered in the prior study.
These additional components rkaa direct comparison of this new studvyith the prior study difficult
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becausehey increase the level of investment significanfiifesecomponents, which had not been
previously consideredaccount for roughly half of the total expenditures projectedhis study.

In summayy:

9 This new study includes similar levels of gas infrastructure developmenbse throjected in
the prior study While gaspipeline projectancluded in this studyypicallyare shorter than those
considered in the prior study, tHevel of investment is similar because pipeline costs hava rise
since the prior studyThisnew study considers thincreased costs.

1 Thsnew study includes greater levels of oil and liquids productimereased levels of oil and
liquids production motiate additional development of midstream infrastructure.

9 This new study includes investments in leagaipment, fractionators, LNG export terminals, oil
gathering lines, and compressors and pumps for gathering systathsomponentghat were
not considerel in the prior study

Summaryof the Reference Cas®utlook
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Estimates andAssumptionsDriving Results

Assumptiorsfor oil, natural gas and natural gas liquids useThis reference case assunthat the U.S.
populationwill growat anaveragerate of about 1 percentper year, while U.S.grossdomesticproduct
(GDBRincrease2.0 percent in 2013, 2.8 percent in 2Qkd 2.6 percentfrom 2015 onwardHectric
loadisassumedo growat 1.5 percentper yearfrom 2013 to 2020and then at 1.1 percent per year
from 2021 onwardThe referele case assumélat industrial productiorgrowth averages 2.3 percent
per year throughout the projection, consistent with the GDP assumpliaiso assumethat weather
conditions are consistent witthe average weather over the past @ars and thatethylene,
polypropylene, angbropane export facilities are built as per recently announced plahe.reference
casefurther assumeghat crude importsare permitted to decline, or be deontracted, as local crude
supplies grow, buthat crude exportgemain prohibited in the future.

Resourceand supplyestimates CurrentU.S.and Canadan gasproductionoriginatesfrom more than
300trillion cubicfeet (Tcf)of provengasreservesTheNorth Americannaturalgasresourcebaseis
estimatedto total 4,000Td whenaddingunprovedresourcego discoveredbut-undevelopedyas
resources. Thisresource baseansupplyU.S.and Canadan gasmarketsfor aimost 150 yearsat current
consumptionlevels Thestudyassumesghat gassupplydevelopmentwill continueat recently observed
levels andthat there will be no new significantproductionrestrictions(e.g.,hydraulic fracturing
regulatiorsthat impede supply developmentThesupplyoutlook presentedbelowis generallya
marketbalancingview. In other words,the abundantresourcebaseis balancedwith demandto
determinethe volumethat is producedor supplied Gas production projections from the model are
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wells, well recoverigsaand representative decline curves to estimate production trends for almost 60

different supply areathroughout the Uited Statesand Caada

Constructionof new pipelinesand other midstreaminfrastructure assumedn the projection: Near
term midstreaminfrastructuredevelopmentindudes projects that are currently under construction or
sufficiently advanced in the development procddsgannedprojectsare includedin the projection
whenthe marketsignalghe needfor new capacity It is assuned that theseprojectsare built without
significantdelaysin permitting and constructionin orderto balance supply development with market
growth. Inthis report, lease equipmentgathering processingand fractionationinfrastructureprojects
areincludedfor natural gas, NGland crude oilevelopment These types of projects areuilt as
neededto supportsupplydevelopment.Thisinfrastructure typicallyis financedaspart of upstream
projectdevelopment but is included in this midstream infrastructure analysgsausenany of the
investments are funded by field services operations provided by comp#raeareactive in the
midstream spaceArcticprojects(specificallythe Alaskaand Mackenzievalleygaspipelines)are not
includedin the projectionbecausemarketpricesdo not supportthe developmentof such projectsin
this study, né LNGexportsoccurfrom both WesternCanadaandthe United States

Pipeline cost assumption®ipeline cost assumptions have been derived by consid@irand Gas
Journa®® Annual Pipeline Economics Special Repo#,Ripeline Economics Stud3013(hereinafter



NB T S NNIBhR OGJ2epdé) ZBagkediontte survey in th€dGJ reportpipeline costs recentlyave

risen to $155,00@er inchhmile from $94,000 per incimile in the prior studyandthis study, like the

prior study,assumethat the costs will remain constant at ¢hmost recenvalue in real terrs over the

entire projection period. Regionally, costs vary significantly, with costs being considerably higher in the
northeasern states and significantly lower in ttseuthwestern states. Costs alsare assumed to vary

by grade of pipe, sthe smaller dameter pipes used mostly in gathering systems have lower cost factors
applied.The osts for pipeghat areless than 12 inches in diameter are assumethttge from$20,000

to $70,000 per incimile.

TheOGeport estimatesaverage ompression costat $2,600 per horsepower, and this study assumes
that compression costs will remain at that level in real terms throughout the projectmmas the case

for pipe costscompressiorcosts vary by region, with costs being highest inntbgheastkern states aml
lowest in thesouthwestern states. The pipeline and compression cost factors assumed in this study are
considerably higher than the factors appliedtie prior study becauséhe costs on a unit basishave
increasel in recent yearsA number of factorare contributing to the higher costs, most notably
increasing labor and materials costs.

Natural GasDemandResults

Naturalgasconsumptionin the United Statesand Canadas projectedto increaseby anaverageof

1.2 percentperyearthrough2035.Totalnatural gasuseacrossall sectorsis projectedto riseto an
average of roughlg06billion cubic feet per dayBcfd in 2035from around 80 Bcfd in 2018 addition,
the ICF reference case projects about 9 Bcfd of LNG exports fromnitesl $tatesand Canada, and
roughly 5 Bcfd gpipelineexports to Mexico from the kited Statesn 2035. So, totatonsumptionfor
natural gasincluding gas leaving thenitied Statesand Canadaiises to an average of aboli20 Bcfd in
2035 a 1.8 percent per year

increase About 75 percent of the U.S. and Canadian Gas Consumption
incremental demand growtkwithin (Average Annual Bcfd)
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the northeastern and southwestern United

States All areasexhibit significantpower- Study Regions
generationdemandgrowth. Canadalsosees
largedemandgrowth, not only relatedto Canada

power generationbut alsorelated to the
naturalgasrequiredfor oil sandsproducton
anddevelopmentWhen LNG exports are Botes
considered as part of the total, the - - Midwest
southwestern United Stateds the area that
experiences the largest increase in gas
disposition because the majority of LNG

exports occur fronthat region.
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U.S.and Canadiarshaleplaysare amongthe ¢ 2 NXfaB&tgrowingproductionareas TheBarnett
shaleplayhasbeenunderdevelopmentfor more thana decade while developmentof the Fayetteville,
Woodford, Marcellus,HaynesvilleEagleFord Bakken, Niobrara, Moetrey, Horn Riverand other shale
resourcesbeganmore recentlybut promiseto contributeto the y” I i Aglowisgassupply Several of
these $aleplaysincludeareaswith verylargehydrocarbonproductionpotential, such aghe gasrich
Marcellusand Haynesvilldields. Othershaleplays,like the Bakken Eagle Fordind Niobrara,are more
liquids(NGLandoil) prone. TheMarcellusshaleplayis projected to display the greatest growth in
natural gas supplymore thandoubling its current production levef around13 Bcfdby 2035.The



strengthof the shaleplayswasevidentduringthe recessiorof 20082009 whenrobustdevelopment
continueddespiterelativelylow economic activity angoor marketconditions

Like gas production, petroleum
liquids production iprojected to
growin the foreseeable futureThe
reference case for this study
projects that U.S. and Cariad
crude oil and condensate
production willgrow from a recent
level ofroughly 10 milliorbarrels 15
per day BPDto 18.2 More than
half of the growth is from
unconventional (often referred to
asctighte) oil supplieswhich

U.S. and Canadialniquid Production
(AverageAnnualMillion BPD)

20

include production from the S
Bakken, Niobrara, Eagle Fpathd
Cline plays. In addition, the oil 0

sandsm Western Canada account
for a significant portion of the
growth in oil production.
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case, NGL production roughly doubles by 2025, rising to aboutiémBPD. The growth comes from a

variety of shale plays, most notably the Eagle Ford, MarcahgWestern Canada plays. The growth of

liquids production hinges otme development of transport capability and markets for the liquids. Absent

such developrant, NGLproduction would be stranded in a number of key areas, posing not only

challenges for liquids development, but for gas development as Nalural gas pelines require that

gas transport takes placeithin certain tolerance$or BTU contentThus, lack of adequate

infrastructure for processingnd transportof NGLeventually leads to stranded gas supplezause the

gas lines will be unable to receive and transport the ligladien streanif they are toremain within the

required tolerances.

Transportation Changes anbhfrastructure Requirements

New infrastructurewill be requiredto movehydrocarbondrom regionswhere productionis expected

to growto locations where the hydrocarbemareused Not all areaswill require significantnew pipeline
infrastructure but manyareas(eventhosethat havealargeamountof existingpipeline capacity may
requireinvestmentin new capacityo connectnew supplesto markets In analogousasedo date, oil
andgasproducersand marketershavebeenthe principalshipperson new pipelines.Thesed I y O K 2 NJ
a4 K A LIh3sdwdEeswillingto committo longterm contractsfor transportationservices that provide

the financialbasisfor pipelinecompaniedo pursueprojects Goingforward, producerswill likely

continueto be motivatedto ensurethat the capacityexists tomove suppliesviapipelines Producers



have learned from past experience that tbensequences ahsufficientinfrastructurefor gas transport
are severe, and that the cost of pipeline transpor ielatively small cost comparadth the revenues
lost as a result of price reductions or well sting that occur when transport from producing areas to
liquid pricing points is constrained.

L / Gé&sldarketModel (GMM)and Oil and Liquids Transport Meld(OLTM) have been applietb

studyhow transport dynamics are likely to changesupply growand markets changm the reference
case.The stylistic maps presented on the following pages depict the changing flow patterns observed in
the models as afged to the reference casérrows shownon the maps areized todepictthe relative
changes in flow from today through 2035. Arrows that increase in width from their origination point to
the terminus represent an increasing flow over time, and arrows tegrease in width from their
origination point tothe terminus represent a declining floawver time For NGL transport, the arrovese
colorcodedand indicatethe type of liquid being transporte@faw mix versus pure product versus

diluent transpor).
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locations.Rail transport corridors are shown as dashed limeshe crude and NGL maps, where
applicable

The main findingslmserved irthe stylizednaturalgas flow magbeloware as follows:

9 Over time, production increases are greatasthe Marcellus production area, the shale plays in
the southwestern production areg andshale plays in Wésrn Canada.
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flowsto the southeasern states tosatisfy increasd power-generaton demand in the region
1 The Gulf Coastgion of Texas and Louisiabecomes home to most of the LNG expdrtsm
North Americawith additional exports from the East Coast and Western Canada.
f 5SaLAGS aAAYATFAOlIydte ANRgAY3I LINBPBRAzOGhatzy FNRBY
areadecline significantly asiuch of the incremental production remainsthme areato fuel its
oil sandsdevelopment
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Growing Rocky Mountain production mostly flows to the West Coast to offset declines in
transport from Western Canada and the Permian BaWest Texa
1 Ontaric® increasing gas needs are met via transport from thitged Statesas flows into the
province from Western Canada decline.
1 New Englan@® increasing gas needs are met by Marcellus glais gas will displace both flows
from Eastern Canadand g& from the Gulf Coast region
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The main findings observed in the stylized NGL flow bepware as follows:

Over time, production increases are greatesttia Marcellus production area.

Production growth also occurs in the Bakken, NiobraraEagleFad shaleplays, as well as

2 Sa0SNYy /FylFIRIQa akKlFtS LXIe&a

1 Flow increases are the greatest from the Marcetluale playandin the U.Smid-continent,
where a number of NGL streams come together.

1 MarcellusNGLflows mostly toward Mont BelvieuTexaspn a umber ofnew liquids transport
lines including linesormerly transporting natural gas that are repurposed for liquids transport

9 Increases in production from the Bakkend Niobrara playmix with NGLs transported from
Western Canada to therited Statesand flow furthersouth toward Mont Belvieu.

9 The largest markets for
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Some ethane is likely t@mainin the natural gastream andoe exported at LNG export
facilities along the Gulf Coast and the West Coast of Canada.

Diluents (mostly pentaneplus) transport increases from thenited Statesnto Western Canada
wherethe diluents are needed to aid the transport of theheavier crudes developed from
2Sa0GSNY /FylFRIQa 2Aft alyRao

Some rail transport (mostly propane) continues to occur from Western Canada.

The main findings observed in the stylized crude oil flow belpware as follows:

T
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Over time, production increaseseagreatestfrom Western Canada and the Gulf Coast amd-

continent producing areas
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the United Statesand to British Columbia for expdrom the West CoastThemost significant
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West Texas crude from the Cline and other Permian Basin plays flows both east and west along

new pipelines.

Increasing Gulf Coaptoduction, mostly from the Eagle Fopthy, remains in the Gulf Coast

area.

Crude imports to the bited Statesespecially to Gulf Coast refinerieecline significantly over

time as U.S. and Western Caiatsupdies replacemported suppliesHoweverefineries may

need to be enhancetb useNorth American crudes.

Some Bakken crude moves incrementally eastward, displacing imported oil at East Coast

refineries
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Changes irCapacity for Natural Gas

New natural gasuppliesenteringthe interstate pipelinesystemwill require addtional pipeline
capacity. Thebasecaseshowsthat approximately 4Bcfdof incrementalnatural gagnainlinecapacity
will be neededfrom 2014 to 2035,asshownin the pipelinecapacitytable below. This is anodest
increaseof 0.2 Bcfd per year oveapacity addions in the 2011 study, which projected 1.7 Bcfd of
capacity added per year through 2035

Regionally, the most noticeable capacity additions are out ohtittheastrn and southwestern states.
Thenortheastern capacity additions are mostly driven by Mdiae and Utica gas development. The
southwestern additions are driven by growth in production from the Eagle FordHaynesvilleshale
plays, as well aa number of other unconventional playBie Southvest also ishome to significant load
growth, especidly in the form ofgas exports to Mexicand at LNG terminaland growing
petrochemical gas use. Theutheasern andcentral stateswill experience significant capacity
additions, mostlyto deliver gas tg@ower plants Theseregiors will seesignificantcoal plant retirements
with gasfired capacityserving as the primary replacement

The majority of the capacity additions occur over the next decddhés coincides with the robust
production and market growth that occurs during the néxb 10 years. Ber that, both productionand
marketgrowth slows,with natural gas pipelinexpansiorslowingaccordinglyIn additionto the new
capacity additions discussed hepgpelinelateralswill be requiredto connectdirectly to new facilities
and new consumpbn points,and new gasprocessingvill be needed taemove liquids and make gas
suitable for pipeline transportation and downstream consumpti@hose needed enhancements in the
midstreamsectorare not reflected in the tablbelow, but aredetailedlater as part of the NGL
discussion.

Inter-Regional Natural Gas Pipeline Capacity Add@&ilion Cubic Feet per Day)

Average
Originating Region 2014-2020 2026-2030 Annual
2014-2035

U.S. and Canada 24.2 42.9 1.9
u.s. 23.2 5.9 7.9 2.9 39.9 1.8
Canada 1.0 1.0 0.5 0.5 3.0 0.1
Central 5.0 - 1.4 0.8 7.2 0.3
Midwest 3.0 0.5 - - 3.5 0.2
Northeast 6.0 2.3 1.9 - 10.1 0.5
Offshore - - - - - -

Southeast 4.4 0.7 1.7 1.1 7.9 0.4
Southwest 4.8 2.0 2.9 0.5 10.2 0.5
Western = 0.5 = 0.5 1.0 0.0
Arctic - - - - - -
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Changes irCapacity for Natural Gas Liquids

Like natural gapipeline capacity, pipeline capacity fdGLalsowill grow sgnificantly over the next 20
years. As shown in the table below, thasecase projects that 3.6nillion barrels per dayMMBPD) of

new capacity will be needed throughout tlseudy period Also, like natural gas capacity, the greatest
increase in capacity will occur over the next decade, coinciding with the significant production growth
that occurs @er the next5to 10 years

Regions with the most significant increases in capacity includecthteal, northeastern, and
southwestern United Stateswhich areareas in relatively close proximity to the production growth.
Most of the growthresults fromtransporting liquids from the production areas to points where new
petrochemical production facilities are being bufdditionalpipeline capacity is needed &dlow heavy
liquids (pentaneplus)to moveto Western Canadavherethey canbe used to enalel the
transportationof the relatively heavy crude being developed thereisAke case for the gas transport
discussed above, the table does not include lateral capacity to connect to new fabiiti@ssehat
portion of midstream development will bestussed later.

Inter-Regional Natural Gas Liquids Pipeline Capacity Ad{dlion Barrels per Day)

Average
Originating Region 2014-2020 2026-2030 Annual
2014-2035

U.S. and Canada 0.2
u.s. 2.8 - 0.3 - 3.1 0.1
Canada 0.3 0.2 - - 0.5 0.0
Central 1.0 - - - 1.0 0.0
Midwest 0.3 - 0.1 - 0.4 0.0
Northeast 0.9 - 0.2 - 1.1 0.0
Offshore - - - - - -
Southeast - - - - - -
Southwest 0.7 - - - 0.7 0.0
Western = = = = = =
Arctic - - - - - -
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Changes irCapacity for Oil

Qude oil pipeline capacity alsaill increase significantly over the next 20 yeaks.average of

0.5million BPDof capacity growth is expected per ydhrough 2035In the Lhited States slightlymore
than 80 percent of crude and condensate capacity growth is expected to occur in the Midwest and
Southwest to move crude oil to refinerieagthe Gulf CoastCanada also is expected to need
significant amounts of new interegional capacity to export inaneental oil sands productiaswith
natural gas and NGL capacity additions, the majority of the oil transportation additions occur over the
next decade, corresponding with the large production changes that occur over thé tet0 years.

Inter-Regional Crude Oil and Lease Condensate Pipeline Capacity Added (Million Barrels per

Average
Originating Region 2014-2020 2026-2030 Annual
2014-2035

U.S. and Canada 10.2 0.5
u.s. 5.2 - 0.3 - 5.4 0.2
Canada 2.2 1.7 0.4 0.4 4.7 0.2
Central 0.5 - 0.3 - 0.7 0.0
Midwest 2.7 - - - 2.7 0.1
Northeast 0.2 - - - 0.2 0.0
Offshore - - - - - -
Southeast - - - - - -
Southwest 1.7 - - - 1.7 0.1
Western = = = = = =
Arctic - - - - - -

Midstream Infrastructure Investment

Significant investment is needed to supptre incremental gas movements dissed above. As per the
table below,investment innew naturalgastransmissiorcapacity includingnew mainlinesnaturalgas
storagefields laterals to/from storage, power plants and processing facilitgsslease equipment
processing facilitieand LNGexport facilitie neededthrough 2035s projectedto average
approximately$14 billion per year, totaling $313 billior(real2012).> Thisis incompaisonwith a total
investment of just over $8 billion per year in the prior stddy.

® All costs and investment values in this report are cited as real 2012$ values othiessise stated.
® Costs in the prior study were reported in 2010$, but have been adjusted to 2012$ in this report by applying
inflation between 2010 and 2012 in order to make a direct comparison with current projections possible.
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Thegastransmissiommainlinecategoryis projectedto accountfor approximatelya quarter of the total

capital expenditurerequired for new gas infrastructure in thstudy It accounted for approximately

half of the total expendituresin the 2011study. This shift is attributable mostly to the fact that the new
study considers investment categories that were not considered in the prior study. For example, and as
mentioned earlier, this study consideirsvestments in gas lease equipment, LNG export facilzied
compression needs for gas gatherningll categorieshat werenot included in the 2011 study.

Comparison of Natural Gas Capital Expenditures in Current Study Versus Prior Study

Current Study, Current Study Prior Study, Prior Study

(Billions of Real Dollars) 2014-2035 Average Annual 2011-2035 Average Annual
(20128) (20128) (20128)* (20128)*

Gas Transmission Mainline Pipe $87.2 S4.0 $101.5 S4.1
Laterals to/from Power Plants, Gas
Storage, and Processing Plants 245.2 2.1 2l L2
Gathering Line (pipe only) $35.6 $1.6 S43.3 $1.8
Gas Gathering Line Compression $235 $1.1 NA** NA**
Gas Lease Equipment $26.9 $1.2 NA** NA**
Gas Pipeline & Storage
Compression S11.6 $0.5 $9.5 S0.3
Gas Storage Fields $12.0 $0.5 $5.0 $0.2
Gas Processing Capacity 527.4 51.2 $23.0 50.9
LNG Export Facilities S43.7 52.0 NA** NA**
Total Capital Expenditures $313.1 $14.2 $213.3 $8.5

*Capital expenditures reported iRrior Studywere converted from 2010$ to 2012$ using% inflation factor.
**NA refers to Not Available.

Gatheringand processingequire almost $4 billion investments per year,compared witha little more

than $2.5 billion per year in the prior stugigut again, this new analysis includes compressissociated

with gathering and processing, which was not inclugetthe prior study. Laterals to/from storage fields,
power plants and processing facilities requineore than$2 billion per yeam investmensin the

current study,compared withjust over $1 billion per year in the prior study. Investment in new gas

lease equipmentincludingpumps, flowlines and connéons, and dehydratorswill total just over $1

billion per year. Storage and LNG export investments averaging about $3 billion per year round out the
total investmensin this current study.

As mentioned earlier,everalgasandoil playshavehighgasliquidscontentandsignificantgrowth in
NGLproductionis expected.Tosupportthe supplyanddemandbalanceof NGls, expansionof the
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existingNGLpipelinenetwork couldrequire an averageapitalinvestmentof $1.3 hllion peryear
through 2035 or almog $30 billionthroughout the projection, & shownin the tablebelow.” This is
roughly double thdevel ofinvestment in the prior studyAbsent these pipeline additionalternative
modesof transportationcould includerail shipmentsandtrucking.Howeve, pipelines are generally
thought to be the most costompetitive option folNGLiransport.

In addition to this significant investment in néWsLtransportation, an additional $1.3 billian
investmentin NGL fractionation and export facilitiessrequied each year. These categories were not
part of the 2011 studyThe btal investment ifNGLmidstream infrastructureés $2 .6 billion per yearor
almost $60 billion throughout the projection.

Comparison of Natural Gas Liquids (NGL) Capital Bdiperes in Current Study Versus Prior Stud

Current Study, | Current Study Prior Study, Prior Study

(Billions of Real Dollars) 2014-2035 Average Annual 2011-2035 Average Annual
(2012%) (2012%) (20125%) (2012%)

NGL Transmission Mainline

(pipe and pump) $29.0 $1.3 $15.1 $0.6
Pipe $26.4 $1.2 $14.8 S0.6
Pump $2.5 S0.1 S0.3 50.0

NGL Fractionation S21.1 S1.0 NA NA

NGL Export Facilities $5.9 S0.3 NA NA

Total Capital Expenditures $56.0 52.6 $15.1 S0.6

Significant infrastructure also will be required to suppodreamental oil production. As already pointed
out, anadditional10 million BPDof new pipelinecapaility will be neededto transportincrementaloil
productionoverthe projection period Thus, &pansionof the existingoil pipelinegrid, including oil
gahering linescouldhave acapitalcostof almost$3.5 billion per year, totalingmore than$75billion
throughout the projection periodProjected capital expenditures for oil transport have more than
doubled fromthe levels projected in the prior studyostly as a result of the revised outlook for oll
production that is much more robust than the prior projection.

In addition to the investment in oil pipelines, almost $9 billion per year (approaching a total of $200
billion over the projection period) Wibe required for new surface equipment to support incremental oil
production. Tls surface equipment includgpumps, valves and manifolds, flowlines and connections,
stock tanks, separatorand heatettreaters.

" Costs for laterals neked to connect with fractionation plantpetrochemical facilitiesand export terminalsre
included in these cost estimates.
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A modest investment in new oil storagetenals rounds out the total tover$12 billion per year,
bringing total midstream infrastructure investment related to oil production and transport to
$270billion throughout the projection period.

Comparison of Crude Oil Capital Expenditures in Current Study Versus Prior Study

Current Study, Current Study Prior Study, Prior Study

(Billions of Real Dollars) 2014-2035 Average Annual 2011-2035 Average Annual
(20125) (20125) (20125) (20125)

Crude Oil Gathering Line (pipe

] $12.7 $S0.6 NA NA
Crude Oil Lease Equipment $192.6 $8.8 NA NA
fg;:](ieagg ';r::rr:]s;]r;ussmn Mainline $63.3 $2.9 $32.6 $1.4

Pipe §53.5 5§24 531.2 51.3

Pump 59.8 504 S§1.5 $0.1
Crude Qil Storage Laterals $1.5 S0.1 NA NA
Crude Qil Storage Tanks S1.7 S0.1 NA NA
Total Capital Expenditures $271.8 $12.4 $32.6 $1.4

Regional Investment in Midstream Infrastructure

It should probably be no surprise thiite largest share of regional investment in midstream
infrastructure will occur in th&outhwest(New Mexico,Texas, Oklahoma, Louisiaaad Arkansas)

which historicallyhasbeen an area ofsignificant hydrocarbon delopment. Midstream infrastructure
investment in this area is expected to totabre than$220 billion throughout the projection periodThe
area experiences significant investment in infrastructeigpporting development of oil, gaand

liquids. Midstram infrastructure associated with oil development accounts for almost half of the

NB 3 Airestthént in new midstream infrastructur&his is nosurprisingbecause more thahalf of

the refineries in the dited Statesare located in the arednvestmentin gasrelated infrastructurealsois
important for theregionbecausat will be home to significant growth in gas production and load growth
at petrochemcaland LNG export facilities.

Canada and theentral Lhited Statesalsoare likely toexperiencesignificant investments in new
midstream infrastructure as a result of the robust development of resources witbisetareasThese
regionsaccount for almost $140 billion and $110 billjsaspectivelyin midstream investmerg Gas
infrastructure investmat in these areas is heeddd supportthe growing productiorof shale resources
andto facilitate pipeline transport to markets and export facilities.
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The Northeast alsts poised fomidstream infrastructureggrowth, with investmens totaling more than
$80 billion throughout the projectionThe area is home to ggwone development from the Marcellus
shale playthat spurs almost $78illion in investmensin gasrelated infrastructure.

Total Capital Expenditures

Current Study, 2014-2035 (Billions of 2012$)
$641

Western, $14, 2%
|

Southeast, $39, 6%
Offshore, $5, 1%

Midwest, $29, 5%

Natural Gas Liquids Capital Expenditures
Current Study, 2014-2035 (Billions of 2012$)
$56

Natural Gas Capital Expenditures

Current Study, 2014-2035 (Billions of 20129)
$313

Western, $8,3% \Amlc, $0,0%

Midwest, $11,4%

Offshore, $5, 1%

Crude Oil Capital Expenditures

Current Study, 2014-2035 (Billions of 20129)
$272

Wﬂtam.l $5,2%

Southeast, $1,0%

Offshore, 50,
0%
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Investment in Different Diameters/Gradesf Pipefor Gathering and Tansport

The table below shwes thatmore than500,000miles of new pipéne and almost 17illion horsepower
for new compressiomnd pumping capabiligswill be needed for gadNGL, and odathering and
transport throughout the projection period.otal gpeline,compressionand pumpingexpenditures are
projectedto total almost $310 billion throughout the projection periddore than60 percent of the
new pipe and compression will be needed for natural gas gathering and transpitiitoil and NGL
gatheiing and transport accounting for the remaier.

Pipeswith a diameter greater than 24 inchasll account formore than40 percent of thepipeline and
gathering line investmentsven though they account for leisan 5 percent of the total mileadded
duringthe study periodThis is because pipes of that size have a much greater unit cost than smaller
diameter pipesPipes with diameters less than or equalBaches account for the majority ofew pipe
mileagethat is needed over time, but investmeint such facilitiess more modest at roughly 20 percent
of the total investment. These smaller diameter pipes are masd forgathering gasoil, and NGLs

Historically the industryhasprovenits ability to financeand constructthe levek of pipelineand
gathering capabilitprojected here and there is no reason to beliethat it cannothandle the
infrastructure requirements projected in this study and reflected in the table beliogustry
investments in nevgathering and transpotines have aveigedroughly$10billion per yeaiover the
pastdecade, so the levels of future investment amnsistent withthe pipelineconstructionthat
alreadyhasoccurred.During the past decade, companies active in the midstream dpaoeplaced
into serviceroughly 15,000 miles ohew natural gagipelinesat a st of morethan $50 billion, and the
totals in the largediameter category are consistent with that level of activity.

Pipeline CapitaExpenditures by Diameter Clagsr Current Study, 20142035

(Thousand Miles) 1"to=38" >16"to= 24" % of Total

Natural Gas 291.2 24.3 13.7 338.8

NGL 0.8 10.3 3.9 0.1 15.1 3%
Crude Oil 171.6 2.0 2.5 12.5 188.6 35%
Total 463.6 36.6 16.0 26.3 542.5 100%
Natural Gas 7,647 3,300 103 1,740 12,790

NGL 397 83 166 16 661 4%
Crude Oil 336 i 243 2,847 3,505 21%
Total 8,380 3,462 4,603 16,956 100%
Natural Gas $50.1 $40.9 $33.7 $78.3 $203.0

NGL $2.5 $18.4 $7.8 S0.2 $29.0 9%
Crude Oil $13.8 $2.0 $7.1 $54.6 $77.5 25%
Total $66.5 $61.3 $48.6 $133.2 $309.5 100%
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Metrics for Infrastructure Development

Robust growth in hydrocarbon productidrom unconventional resourcesill remain te primary driver
of midstream infrastructure developmernthe ICHasecase projects that significant development of
unconventional supplies will continue in the foreseeable future, witire than1.2 million wel
completions projected for the hited Statesand Canada over the projection period. Thispgarters of
the wellswill be oil wells with the balancebeinggas wells. The focus @il developmenis the result of
relatively high oil prices projeetl duringthe forecast periodAlthoughsignificantly fewer gas weltge
projectedin this current study when compared with the prior study, projected gas well actentains
sufficientlyrobust to growgasproductionsignificantly This is because gas vsglenaally are much
more productive than a few years atftanks toimproved horizontal drilling and fracturing applications.
The projected oil and gas well activity and resulting production levels anerimarydrivers of new
gathering systems, processing dnactionation facilities, and lease equipment.

Comparison of Natural Gas Metrics in Current Study Versus Prior Study

Current Study, | Current Study Prior Study, Prior Study
2014-2035 |Average Annual 2011-2035 |Average Annual
729 29

Gas Well Completions (1000s)

0il Well Completions (1000s) 914 42 777 31
Total Well Completions (1000s) 1,221 56 1,506 60
Miles of Transmission Mainline (1000s) 18.6 0.8 356 1.4
e e o ooy 171 08 139 06
Miles of Gas Gathering Line (1000s) 303.1 13.8 414 16.5
Inch-Miles of Transmission Mainline (1000s) 568 26 1,043 42
e e e 279 13 i 1L
Inch-Miles of Gathering Line (1000s) 1,095 50 1,518 61
Compression for Pipelines (1000 HP) 4,388 199 4,946 197
Compression for Gathering Line (1000 HP) 8,402 382 NA NA
Gas Storage (Bcf Working Gas) 823 37 589 24
Processing Capacity (Bcfd) 34.2 1.6 325 1.3
LNG Export Facilities (Bcfd) 9.3 0.4 NA NA
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Increased production levels and associated market graWive projections fogas pipeline
infrastructure. In addition tahe 303,000 miles of gas gathering lines projected, thebiZEcase
projects 35000 miles of newiransmissiorpipelines (including both mainline and laterals) over the
projection period. Whilehis mileage isignificantly less than the prior study because many of the
projects currently planned and proposed are shottaul expansionsf the transmission system, this is
still a substantial amount of new pifiédlong with this pipe, thd&asecase projectsiearly13 million
horsepower of compression for new gathering and transmission capacity, most of which is for gathering
systemsThe basecase projectsnore than800 Bcf of new working gas capability for gas storagae
than 34 Bcfd of new gas processing capahititydassumea more than9 Bcefd of new LNG export
capacity. These values are all well abtheelevels in the prior studylargely becausshale resource
development is continuing to make cesffective gas supplies available for markets.

The metrics for NGL development are equally impressive. The current study includes more than 15,000
miles of new NGL transmission lines otrer projection period’ New lines are supported with roughly
660,000 horsepower of pumping to move the liquids through the pipelines. More than 3.3 million
barrels of fractionation capacity separates the liquids into various components, and roughlylibd mi

BPD of new export capacity facilitates the movement of liquids to foreign countries. All of the liquids
metrics are greater than projected in the 2011 study due to the increased levels of liquids production in
this current projection.

Comparison of Natural Gas Liquids MetricsCurrent Study Versus Prior Study

Current Study, | Current Study | Prior Study, Prior Study
2014-2035 |Average Annual| 2011-2035 |Average Annual

Miles of NGL Transmission Mainline (1000s) 15.1 12.5

Inch-Miles of NGL Transmission Mainline (1000s) 220 10 164 7
Pump for NGL Transmission Mainline (1000 HP) 661 30 166 7
Fractionation Capacity Built (MBOE*/d) 3,326 151 NA NA
NGL Export Facility Capacity Built (MBOE/d) 1,402 64 NA NA

*MBOEefers to Million Barrels of Oil Equivalent.

The metricghat are perhaps most impressive in this study are those related to oil infrastructure
development As mentioned before, the projection applied here includes a large number of oilgvells
more than900,000 wells throughout the projectiandue to therelatively high assumed oil prices going
forward. The large number of oil wells completed over tim#l leadto the significant levels of
investment in new surface equipment. After the oil leaves the production area, much of it is delivered
throughnew oil transmission lines. The projecti@alls for construction of more that6,000 miles of

® The average miles of pipe built per project for mainline expansions in the prior study was 293 miles per
expansion, versus onl38 miles per expansion in this new study.

? Laterals needed to connect with fractionation plants, petrochemical facilities, and export terminals are included
in these mileage estimates.
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new oil transmission lines supported ughly 3.5million horsepowenf new pumping capability. The

other alternatives for oil transport are rails and trucks, and thiggmtion assumes that the levels of ralil

and truck transport of crude oil remain fairly constanéh (i K (i 2 R Adinitédly, th @sSuimption is

y2i dzyljdzSadAz2ySR +ta NIAfa | yR (NHzOMatis tk sagtBat réil2 LIG A 2 v
and truck movement is more flexible than pipeline transgmetause routes can shift in response to

market conditionsHowever, rail and truck movement is much more expensive than pipeline

transportationon a unitcost basis, and this analysis assumes the most economic options will be

selected over time.

This analysialso projects more that30 million barrels of newrudeoil storage capability over the
projection period. This expansion equates to about-goarter of the crude oil terminal capaltilithat

is already in place in therlifed Statesand Canada. The new crude oil capacity is vitahsuring that
productioncan be stored temporarilwhen refineries are removed from service for maintenance and to
enableproducers to manage temporal imlaaices in markets.

Comparison of Crude Oil Metrics in Current Study Versus Prior Study

Current Study, | Current Study Prior Study, Prior Study
2014-2035 Average Annual 2011-2035 Average Annual
777 31

Oil Well Completions {1000s)

Miles of Crude Oil Gathering Line (1000s) 171.6 7.8 NA NA
Miles of Transmission Mainline (1000s) 16.2 0.7 19.3 0.8
Miles of Crude Oil Storage Laterals (1000s) 0.8 0 NA NA
Inch-Miles of Crude Oil Gathering Line (1000s) 379 17 NA NA
Inch-Miles of Transmission Mainline (1000s) 432 20 355 15
I[rizlg)-ol\:::les of Crude Oil Storage Laterals 14 1 NA NA
Pump for Transmisson Mainline (1000 HP) 3,505 159 754 31
Crude Storage Capacity Built (MMBbI*) 133 6 NA NA
Number of Crude Storage Tanks Built 26,504 1,205 NA NA
Number of Crude Storage Farms Built 39 2 NA NA

*MMBDblrefers to Million Barrels.
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Low-Growth Case

The IChasecaserepresentsa likely scenario, but this studsiso includes low-growth scenarian an
effort to assess a more conservatiggpectation for midstream infrastructure developmeiite
assumptions andesults for tte low-growth scenario are discusseéwl this section

Price and Demand gsumptionsfor the Low-Growth Gise

Thelow-growth case presentedh this studyassumes a markedly lower growth environment for
hydrocarbon use in the foreseeable futuiihis case assumes that global economic conditions are not as
robust asin thebasecase. Asian economigse generallyassumed ta@row at a ®ower rate than in the
basecase as thg mature and rationalize fiscal and monetary polici@srsistenfproblems reated to

deficit spending in the klted Statesand Europelsocontribute to the reduced economic growth

As a resultthe U.S. economy grows by rougBl§percent less thain the basecase The reduced rate
of economic activitydoes not bode well for errgy useeading toreduced electric load growth and
lower levels of industrial productiotihat adverselyaffect natural gas consumption fggower generation
and in the petrochemical sectoAs a result, total gas use the low-growth caseis about 15 Bdf, or
about15 percent lowethan thebasecase. Gas use risesioughly 9 Bcfdby 2035, versus
approximatelyl06 Bcfd in thebasecase® Although not shown in the figure below, liquids market
growth alsais significantly lower in thitow-growth case and U.S. refinery runs are down modestly
compared with thebasecase levels

U.S. and Canadian Gas Consumption (Average Anncfd) B

Base Case Low-Growth Case
110 | 110
100 100
90 90
80 1 Power 80
70 - Generation 70 - Power
Generation
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*Other includes lease, plant, and pipeline fuel gas use.
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®These numbers do not include LNG exports, which are also dowe iowgrowth case by 5 Bcfas further
explained below So, the total reduction in load is about 20 Bcfd, or closer to 20 percent of total load.
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Perhapof equal importance is thahis case assumes that global oil use ghds, oil prices are
significantly lowethan in thebasecase. Instead of remaining constant at $100 per barrel, oil prices
slowly decline to $5 per barrel over the projection periods a result of the reduced growth of oil use
This has a variety of adversffectson gas disposition and ligis market developmenthe most

notable of which is that NG exported from North Amerigdll not benearly ascompetitive particularly

in Asiawherelanded prices for LNG have historically moved with oil priceth e expectation that
landed prices foLNG will decline as oil prices decline, it becomese difficult forLNG from North
America to compete with LNG sources that are closer to Asian consumars. I NB & dzf G b2 NI K
LNG exportare assumedo be 4 Bcfdin the low-growth case, compard with 9 Bcfd in thebasecase
When coupled with the reduced growtif domesticgas use, markets for gas and liquids are not nearly
as robust as in thbasecase.

Gas pricdevelsin thislow-growth
case are not dramatically different Average Annual Natural Gas Prices at Henry Hub

from levelsprojeded in thebasecase. (20123/MMBtu)

While it is reasonable to expect that 510

gas prices would be lower due to the $9

reduced market growth, the 8

countervailing impact is that lower oil 57 ‘ =
prices spur less oil and NGL $6 \ 4&,,_*'-—-:‘:;';
development,increasing thecost of $5 _/,

gas development. Inshorl, KS &t A fad S =

uplift,é 2 NJ adzo AARAT I (0 As2 y 3-a

developmentis not as great ithe $2

assumedower oil price environment. 31

So, not only are theréewer gas 50

consumerver time, butthere isless
abundant gas supply fahe
consumers that remain
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== s=Base Case emmm|ow-Growth Case

ResourceBupply Assumptiors for the LowGrowth Case

Because of the lower market growth and reduced economic incentives for gas development, gas
production growth in the lowgrowth case lags significantly behind production growth in the base case.
The lowgrowth case prjects that U.S. and Canadian gas production will rise to almost 100 Bcfd,
compared with more than 120 Bcfd in the base case. The production growth rate in thigsdoxth

case, at merely 1 percent per year, is almost one full percentage point belowdivthgin the base

case. Nonetheless, significant growth in production and significant supply shifts still occur over time as
shale gas production remains preferred over conventional resources. The growth of shale gas
production will still provide ample mitt®am infrastructure development opportunities, as discussed
below.
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As is the case for gas production, the growth of oil and NGL productidrésselyaffectedby the
assumptions in thifow-growth case, particularly the assumption for falling oil prices in real tesss
shownbelow, U.Sand Canain crude oil productions reduced by million BPD by 203&ersus the
basecase. Hlf of this reduction occurs in Albe@sail sands with much of the balance restitig from
reduced activity in tight oil supplieBrojected NGL production initHow-growth case § down

15 percent by 203%ompared withthe basecase Thelower levels of oil and NGL development will

result in lower levels of rdstream infrastructure development, but it is still noteworthy that oil and NGL
development are projected teemain @ 2 @S (i 2 R duding the riex® @@&atlefio, as discussed
below, midstream infrastructure development remains attractive, but the inwestts are likelyo be

more selective and more narrowly focused than in Hasecase.

U.S. and Canadian Liquid Production (Average Annual Million BPD)
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Infrastructure Investment in the LovGrowth Case

The low-growth case yields midstream infrastructure@enditures that are less than those projected in
the basecase The following tabledllustrate this bycompaing projectedcapital expenditurein the two
scenarios.

The first table shows that expenditures for gas infrastructure will be roughttivds of the
expenditures in thdasecase. The reductions in market growth suggest that there should be an even
more pronounced reduction in development than what is observed in the tétsroted above, shale
resource development will continue to shift supmway from conventional production over time,
necessitating midstream infrastructure development to deliver the new shale supplies.

Perhaps the most noticeable change, and most certainly the largest percent change froaséduase
isthe projectedinvestmentin LNG export facilities. Development of those facilitigsingleredby the
reduced oil prices andhus, the lower landed prices for LNG in this alternate scenHri® worth noting
that there is a lot of momentum behind developmentidrth AnericanLNG export facilities, so the
facilities may welbe developedegardless of what happens with oil pric&ill, thelow-growth case
illustrates the risk that lower oil prices would pose for development of the facilitiesidtichately, the
levelof gas exports from the facilities.

Comparison of Natural Gas Capital Expenditures in Base Case VerstGiooth Case
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