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Executive Summary

Midstream infrastructure development has occurred at a rapid pace over the past several years, causing
many to question if the trend can continue. In response to those questions, the INGAA Foundation
retained ICF to undertake a study to forecast the amount of midstream infrastructure development
needed in the U.S. through 2035.

This study seeks to inform industry, policymakers and stakeholders of the dynamics of North America’s
energy markets based on a detailed supply/demand outlook for oil and gas development. The study
assesses oil and gas infrastructure needed to support the delivery of crude oil and oil products, natural
gas and natural gas liquids (NGLs).

This includes investments in new infrastructure within the following categories: a) surface and lease
equipment; b) gathering and processing facilities; c) oil, gas, and NGL pipelines; d) oil and gas storage
facilities; e) refineries and oil products pipelines; and f) export terminals. The study also projects the
associated economic benefits of infrastructure development, most notably Gross Domestic Product (GDP)
and employment.

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

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

Summary of key findings:

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




unconventional resource development and strong market demand, largely in response to the
relatively low commodity prices fostered by those new oil and gas supplies.

2) Capital expenditures (CAPEX) for new oil and gas infrastructure development total an average
$791 billion from 2018 through 2035 (Exhibit ES-1). These levels of investment equate to an
average annual CAPEX of $44 billion throughout the projection period (Exhibit ES-2).

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

4) An additional 139,000 miles of gathering lines are added along with 10 million horsepower of
compression and pumping to support gathering, processing, and storage of oil, gas, and NGLs
during the study’s forecast period.

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

6) Infrastructure development will result in employment of 725,000 U.S. workers annually.
Significant employment opportunities are created not only within states where infrastructure
development occurs but across all states because of indirect and induced labor impacts.

7) The infrastructure development in each of the scenarios is dependent on regulatory approvals of
the projects.

Exhibit ES-1: Projected Capital Infrastructure Exhibit ES-2: Oil and Gas Infrastructure
Investment By type, 2018-2035 (Billion 2016$) (Billion 20169)

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

Several factors should increase supply and motivate infrastructure development. Notably, the North

American unconventional resource base (shale and tight oil and gas) is enormous, with vast quantities of

relatively low-cost oil and gas remaining to be developed. The application of technology is continuing to




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

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

Natural gas exports are on the cusp of growing significantly, both to Mexico and as LNG to markets around
the globe. Further, low gas prices have fostered growth in the power generation market as coal and
nuclear plants continue to be retired across the U.S. This trend seems irreversible considering regulations
that encourage clean power and the way in which gas complements renewables. Regardless of policies,
the relatively low gas price environment generally discourages additional investment to upgrade or
further limit emissions from coal plants, especially considering the threat of federal carbon control that
still looms on the horizon.

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

Robust development of unconventional oil and gas resources and the supporting market activity promote
the need for new transport capability for oil and gas. As a result, transport capability for oil, gas and NGLs
increases by 3.6 million barrels per day, 56.7 billion cubic feet per day and 7.7 million barrels per day,
respectively. Increased production also supports a significant amount of new gathering and processing
infrastructure.

Thus, investment in new oil and gas infrastructure will total $791 billion from 2018 through 2035,
averaging $44 billion per year. Roughly 34 percent of the investment, or $15 billion annually, will be for
surface and lease equipment (Exhibit ES-3), which is split between investment in equipment that supports
production from onshore wells and development of offshore platforms located in the Gulf of Mexico.

0Oil, gas, and NGL pipeline development will see annual average CAPEX of $14.7 billion from 2018 through
2035, also equating to approximately one-third of total infrastructure investment. Across the U.S. and
Canada, the report estimates construction of over 41,000 miles of oil and natural gas transmission
pipelines with over 7 million horsepower of compression and pumping added throughout the projection
period. Gathering and processing investment ranks third among the investment categories, with an
average annual CAPEX of $8.4 billion, accounting for roughly 19 percent of the total infrastructure
investment. The report estimates the need for about 139,000 miles of gathering pipeline, with about 64
percent of that focused on gas gathering. This investment is aimed at gathering and processing oil, gas
and NGLs from 28,500 new well completions per year. The remainder of the investment, or $5.8 billion
per year, is required to support refining, storage and export activities.




Exhibit ES-3: Average Annual Oil and Gas Infrastructure CAPEX by Category (Million 2016$)
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Natural Gas

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

U.S. natural gas production is concentrated in shale and tight formations. Because production costs are
relatively low in the Marcellus and Utica compared with production costs elsewhere, the study anticipates
both production and infrastructure needs related to natural gas will be focused in the U.S. Northeast.

The market for U.S. and Canadian natural gas consumed here and exported abroad will increase to 130
billion cubic feet per day from current levels of around 91 billion cubic feet per day. Gas markets grow
dramatically, with significant growth of:

Liquefied natural gas (LNG) exports,
North American gas-fired power generation,
Pipeline exports to Mexico, and

PwwNbPR

Increases in U.S. petrochemical activity

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

The second-most noticeable area of growth for gas use comes from the power sector, where gas use in
the U.S. and Canada increases 17 billion cubic feet per day. This is driven by retirement of coal-fired power
plants, which will be replaced by low-cost natural gas and renewable generation, as well as higher electric




load and nuclear plant retirements. Natural gas will also serve as a backstop to help firm up variable
renewables, like wind and solar, which are expected to grow during the projection period. This study
assumes electric load growth consistent with I1SO projections. It also assumes that many nuclear plants
retire after they reach the age of 60 years.

The final two growth components for natural gas consumption are exports to Mexico and petrochemical
gas use. Exports to Mexico rise by roughly 3 billion cubic feet per day, driven by replacement of Mexico’s
oil-fired generating facilities with gas-fired generating facilities. Petrochemical gas use in the U.S. grows
by between 1 billion and 2 billion cubic feet per day. Most of the increase occurs at refineries, ammonia
(fertilizer) plants and for methanol production.

CAPEX for natural gas infrastructure totals $417 billion, equating to 52.7 percent of the total investment
in new infrastructure throughout the projection. Much of the investment in gas infrastructure, or $279
billion, is in gas gathering and transmission systems. The most intensive capital expenditures for natural
gas infrastructure occur to gather and transport Marcellus and Utica as well as Permian Basin supplies to
markets.

The study projects the need for 57 billion cubic feet per day of new pipeline capacity over the study period
to support the levels of production and market growth that are projected through 2035. That means an
average of 3.1 billion cubic feet per day of incremental transport is added annually to an already extensive
gas transportation network. The size of the U.S. gas transportation network will increase at a rate of
roughly 2.5 percent per year in the future. The study estimates about 25 billion cubic feet per day of new
capacity to move Marcellus and Utica supplies to consumers and export facilities through 2035.

The study also forecasts construction of roughly 1,400 miles of natural gas pipeline each year, with a total
of 26,000 miles put in place throughout the projection. There is both significant upside potential and
significant risk for natural gas pipeline development, depending on market evolution and project
approvals. The study estimates 391,000 horsepower of compression added each year, or a total of 7
million horsepower of compression over the course of the projection.

oil

The study shows growth in total crude oil production for the U.S. and Canada over the course of the
projection period. Increases in the Permian, Niobrara and Bakken oil production more than offset declines
in conventional production. As a result, total U.S. production increases from its current level of roughly 14
million barrels per day to nearly 20 million barrels per day by 2035. This growing supply results in the
need for new pipeline transport and oil handling capability.

The study sees U.S. and Canadian refinery output increasing as production from tight oil supplies and
imports of heavy crude from Western Canada grow. Refinery crude oil input increases from its current
level of 18.8 million barrels per day to 20.5 million barrels per day because of refinery upgrades and
refurbishments.




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

CAPEX for oil infrastructure totals $321 billion, equating to 40.6 percent of the total investment on new
infrastructure throughout the projection. Investment in oil infrastructure is widely spread across many
types of infrastructure, including pipelines, gathering systems, storage terminals, offshore platforms, and
refinery capacity. Investment in oil pipelines accounts for $53 billion of the total investment in this
category. Much of the capital expenditure for oil infrastructure is focused on the Permian and Delaware
Basins of West Texas and Eastern New Mexico, where large, relatively low-cost oil resources remain to be
developed.

The study estimates the addition of 7.7 million barrels per day of new oil pipeline capacity. A significant
part of the new transport capability (0.9 million barrels per day) is already under construction and
scheduled to be completed within the next 12 months (year 2018-2019).

Geographically, the capacity is concentrated in the Central, Midwest and Southwest regions. Incremental
transport in the Central and Midwest is already being added to support imports of heavy crude oil from
Alberta’s oil sands. These are legacy projects that were already underway before the collapse in oil prices
and near-term slowdown in oil sands development. Another portion of the capacity is aimed at
transporting incremental supplies from the Bakken toward the East Coast and Gulf Coast. Yet another
portion of the capacity transports growing supplies of West Texas crude oil to refineries concentrated
mostly along the Texas Gulf Coast.

Most new U.S. oil pipeline transport projects are forecast for completion in the next five to 10 years (2023
to 2028). As oil production growth slows over the projection period, the need for incremental capacity
also slows as already-built capacity is relied on to transport incremental supplies.

NGLs

NGL production grows by roughly 3.5 million barrels per day through 2035. NGLs track natural gas
production over time because NGLs are a by-product of the gas production stream. NGL production
growth is concentrated in unconventional resources.

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

CAPEX for NGL infrastructure totals $53 billion, equating to 6.7 percent of the total investment in new
infrastructure throughout the projection. Investment in NGL infrastructure is spread across
fractionation facilities and pipelines.




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

The areas for development of new capacity include the: 1) Northeast — home to the Marcellus and Utica,
where gas production is likely to continue to grow very rapidly; 2) the Midwest, where the Aux Sable
liquids extraction facility resides; and 3) the Southwest, where there are potentially many “wet” gas plays
that contain significant amounts of liquids resource. The last of these areas, the Southwest, is also home
to Mont Belvieu, Texas, a widely recognized location for NGL transactions, that is near several sites where
additional petrochemical facilities (i.e., ethane crackers and polypropylene plants) and NGL export
terminals could be built or expanded.

Geographic Trends

Geographically, the Southwest, which includes Texas, will see the greatest oil and gas infrastructure
investment with a total CAPEX of $193 billion, accounting for 24 percent of the total infrastructure
investment across the U.S. and Canada (Exhibit ES-4). It should come as little surprise that this area leads
the way on infrastructure development because it is accustomed to oil and gas development and is home
to many production, refinery, petrochemical and export facilities and pipelines. However, the combined
Northeast and Midwest region also will see a significant investment in oil and gas infrastructure, with the
total investment of $163 billion for those regions combined, accounting for 21 percent of the total oil and
gas infrastructure investment across the U.S. and Canada. Developing and transporting the vast amount
of natural gas resources contained in the Marcellus/Utica producing basin is the focus of this investment.
Infrastructure development for this area will depend on regulatory approvals of pipeline projects and
market evolution. Offshore Gulf of Mexico infrastructure development is also significant at $167 billion,
accounting for 21 percent of the total investment that occurs across each of the scenarios. Collectively,
other geographic areas account for the remaining $268 billion, or 34 percent of the total U.S. and Canadian
investment across the projections.

Exhibit ES-4: Regional CAPEX for Oil and Gas Infrastructure from 2018-2035 (Million 2016$)
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Economic Impacts

Infrastructure development will continue to have significant and widespread impacts on the U.S. and
Canadian economies. It will support an average of 725,000 jobs each year from 2018 through 2035. It will
also add a combined total of $1.3 trillion or an annual average of $70 billion to U.S. and Canada Gross
Domestic Product. Federal taxes related to oil and gas infrastructure development will total $238 billion,
while state, provincial and local taxes will total $204 billion throughout the projection period. All states
benefit from infrastructure development because there are indirect and induced employment benefits
spread to states even where there is no infrastructure development.

Conclusion

The favorable economic environment for oil and gas infrastructure development has not yet run its course
and is likely to continue for many years, with total investment in oil and gas infrastructure expected to be
$791 billion from 2018 through 2035. This investment will have positive impacts on the U.S. and Canadian
economies, employing many individuals and contributing significantly to Gross Domestic Product. Energy
infrastructure development will also foster the delivery of lower cost energy to households and
businesses, help the upstream and downstream portions of the oil and gas business develop more fully
over time and support the penetration of renewable energy in the U.S. electric-generation market.

Exhibit ES-5: New Pipelines and Compression from 2018-2035 (Million 2016$)

Total Total Average Average
2013-2017 2018-2035 2013-2017 2018-2035
0Oil, Gas, and NGL Transmission Pipelines
Qil Line Miles 15,617 8,184 3,123 455
QOil Line Diameter (Inch) 22.0 289 22.0 289
Pump for Qil Lines (1000 HP) 2,964 1,016 593 56
NGL Line Miles 10,629 7,024 2,126 390
NGL Line Diameter (Inch) 14.9 17.5 14.9 17.5
Pump for NGL Lines (1000 HP) 390 293 78 16
Gas Line Miles 8,348 25,896 1,670 1,439
Gas Line Diameter (Inch) 246 289 24.6 289
Compressor for Gas Lines (1000 HP) 3,367 7,041 673 391
Qil, Gas, and NGL Line Miles 34,594 41,104 6,919 2,284
Qil, Gas, and NGL Line Diameter (Inch) 20.4 26.9 20.4 26.9
Gathering and Processing
Gas Gathering Line Miles 33,675 88,340 6,735 4,908
Gas Gathering Line Diameter (Inch) 6.4 7.9 6.4 7.9
Gas Gathering Line Compressor (1000 HP) 4,435 8,540 887 474
Oil Gathering Line Miles 25,846 50,612 5,169 2,812
Oil Gathering Line Diameter (Inch) 4.6 5.5 4.6 5.5
Oil & Gas Gathering Line Miles 59,521 138,952 11,904 7,720
Oil & Gas Gathering Line Diameter (Inch) 5.6 7.0 5.6 7.0
Refining and Oil Products Transport
Oil Product Pipeline Miles 2,526 2,981 505 166
Oil Product Pipeline Diameter (Inch) 11.5 13.5 11.5 13.5
Qil Product Pipeline Pump (1000 HP) 447 528 89 29
Total

Qil, Gas, NGL, and QOil Product Pipeline Miles 96,641 183,037 19,328 10,169
Qil, Gas, NGL, and Oil Product Pipeline Pump and Compression (1000 HP) 11,604 17,419 2,321 968




1 Introduction

1.1 Study Objectives

North America’s energy business has transformed in the past decade thanks to technological advances
allowing for the development of shale oil and natural gas resources. The shale revolution has renewed
the focus on North America’s oil and gas development, with U.S. and Canada oil production rising from
roughly 11 million barrels per day in 2013 to over 13 million barrels per day in 2017, and natural gas
production rising from about 83 billion to 91 billion cubic feet per day in the same period. This production
growth has resulted in $316 billion of spending for new infrastructure to process, refine and transport
that oil and gas during the past six years (Exhibit 1).

Exhibit 1: Infrastructure CAPEX during the Past Six Years, Million 2016$
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Recent infrastructure capital expenditures (i.e., the CAPEX from 2013 through 2017) has averaged about
$63 billion per year with a peak expenditure of over $74 billion in 2014. The industry’s greatest spending
was on new transmission pipelines which represents over one-third of the capital expenditure, averaging
$23 billion per year. Surface equipment ranks second at an average annual CAPEX of roughly $21 billion
in real terms. This category includes high-cost Gulf of Mexico offshore oil platforms. Onshore gathering
and processing expenditures averaged about $13 billion per year in real terms. The remaining categories
— oil and gas storage, refining enhancements and upgrades, products and rail transport, and export
facilities — add roughly $6.5 billion per year to the total. In short, the industry has spent significantly on
infrastructure development across several categories.




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

This study seeks to inform industry, policymakers and stakeholders about the dynamics of North America’s
energy markets based on a detailed supply/demand outlook for oil and gas development. The study
assesses oil and gas infrastructure needed to support the delivery of crude oil and oil products, natural
gas and natural gas liquids (NGLs). It also projects the associated economic benefits of infrastructure
development, most notably Gross Domestic Product (GDP) and jobs impacts.

The study considers recent trends and uncertainties and investigates impacts of those trends on future
infrastructure requirements with two scenarios: (1) an Escalating Unit Cost Case and (2) a Constant Unit
Cost Case. These cases are briefly described below.

» The study’s Escalating Unit Cost Case represents a reasonable set of expectations about the future
that are consistent with recent market activity. In many ways, this case is the “status quo” case
that reflects future cost growth consistent with recent trends.

» The study’s Constant Unit Cost scenario depicts an environment in which the cost of building new
infrastructure does not increase on a per unit basis. The base year of the Constant Unit Cost is
2017.

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

» An assessment of onshore lease equipment, offshore production facilities, and gathering,
processing, and fractionation needs to permit the delivery of hydrocarbons to a pipeline grid that
supports delivery to refineries, markets, end-users and export terminals.

> Review of oil and gas storage requirements to temporarily store hydrocarbons until needed in
markets and at refineries.

> Analysis of NGL and oil infrastructure requirements.

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

The economic impact analysis that is discussed near the end of the report is based on IMPLAN modeling,
which provides direct, indirect and induced job impacts of the oil and gas infrastructure development. The
analysis also measures state-level employment and value-added impacts.
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1.2 Study Regions

For reporting, this study applies U.S. DOE EIA pipeline regions for the Lower 48 states in the U.S. (Exhibit
2). The Northeast and Midwest study regions split Marcellus and Utica shale plays. A large amount of
infrastructure development in the future is expected to be driven by significant gas and NGL production
growth from this area. The Southwest, an area already with a large amount of oil and gas infrastructure
and home too many producing basins, also should see significant growth.

Exhibit 2: Study Regions

Western

Offshore

1.3 Infrastructure Coverage

Exhibit 3 lists the infrastructure categories assessed in this study. The study applies a broad definition of
infrastructure that includes all assets needed to process, refine, store and transport oil, gas, NGLs and oil
products to end-users. End-users include industrial facilities that use oil, gas and NGLs as either a fuel or
feedstock, petrochemical facilities, export terminals and distribution companies. This analysis excludes
distribution infrastructure, which may see billions of dollars of capital expenditures for upgrades and

enhancements to distribution systems.

11



Exhibit 3: Oil and Gas Infrastructure Categories

Category Sub-Category Type of
Hydrocarbon
Surface and Lease Equipment Onshore Lease Equipment Oil and Gas
Offshore Production Platforms Oil
Gathering and Processing Gas Gathering Lines Gas
Oil Gathering Lines il
Compressors Gas
Processing Plants Gas
Fractionation Facilities NGL
0il, Gas, and NGL Pipelines Oil Pipelines Oil
Pumps for Qil Pipelines il
Gas Pipelines Gas
Compressor Stations for Gas Pipelines Gas
NGL Pipelines NGL
Pumps for NGL Pipelines NGL
Oil and Gas Storage Above Ground Tank Farms il
Underground Storage Gas and NGL
Refining and Oil Products Transport Refining il
Oil Product Pipelines QOil
Pumps for Qil Product Pipelines QOil
Rail Transport Oil and NGL
Export Terminals LNG Export Facilities Gas
NGL Export Terminals NGL

The main infrastructure categories include surface and lease equipment; gathering and processing; oil,

gas and NGL pipelines; oil and gas storage; refining and oil products transport; and export terminals.
Each category is also split into sub-categories to provide additional detail. The sub-sub categories are

allocated to gas, oil or NGL development to link the different activities with broader reporting by type of

hydrocarbon.

Transmission pipelines include mainline capacity from supply areas to market areas and laterals on
isolated segments that connect individual facilities or a cluster of facilities to a pipeline’s mainline. Gas
gathering pipe is the pipe that connects wells to a mainline or to a gas processing plant to extract the
liquids and non-hydrocarbon gases. Qil gathering pipe collects and delivers crude oil from oil wells and
lease condensate from gas wells to nearby crude oil storage and treatment tanks or to crude oil
transmission mainlines. Surface and lease equipment for oil wells includes accessory equipment, the
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disposal system, electrification, flowlines, free water knockout units, heater treaters, LACT units,
manifolds, producing separators, production pumping equipment, production pumps, production valves
and mandrels, storage tanks and test separators. Surface and lease equipment for gas wells includes
dehydrators, disposal pumps, electrification, flowlines and connections, the production package,
production pumping equipment, production pumps and storage tanks.

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

1.4 Report Structure

The remainder of this report contains the following information:

> Section 2 provides an overview of the modeling methodology.

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

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

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

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

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

» Appendix C provides capital expenditures by region.
> Appendix D provides the approximate economic impacts of the pipeline and gathering CAPEX.

> Appendix E illustrates the regional natural gas demand and oil, gas and NGL production.
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2 Methodology

2.1 Modeling Framework

This study determines oil and gas infrastructure development and capital expenditure requirements
based on ICF’'s Midstream Infrastructure Report (MIR) process, shown in Exhibit 4. ICF’'s MIR uses four
proprietary modeling tools, namely ICF’'s Gas Market Model (GMM), the Detailed Production Report
(DPR), a Natural Gas Liquids (NGL) Transport Model (NGLTM) and a Crude Qil Transport Model (COTM).
Appendix A has detailed descriptions of these modeling tools.

Exhibit 4: Modeling Tools for ICF’s Midstream Infrastructure Report

Oil and gas well completions

Gas production . Crude oil production
Gas pipeline *  NGL production *  Crude oil pipeline *  NGL pipeline
Gas Mavkg!—- .Detalled NGL Transport
‘ .' _ iModei:’ "i’ Production o - Model
RN "@_-,6;’,3“ (NGLTM)
fsantions Midstream Infrastructure
S kilbaion e Infrastructure Report » Meg:;z :Sictl uCraezltal
(MIR) Generator

The GMM, a full supply-demand equilibrium model of the North American gas market, is a widely used
model applied to assess North American gas supply, demand, transport and prices. It determines natural
gas prices, production and demand by sector and region. The GMM projects gas transmission capacity
development, based on gas market and supply dynamics.

ICF’s DPR, a vintage production model, estimates the number of oil and gas well completions and well
recoveries based on levels of gas production, that the GMM calculates and projects oil and gas prices, gas-
directed versus oil-directed drilling, and well productivity. The model estimates crude oil and NGLs
production for over 50 regions, based on assumed liquids-to-gas ratios.

ICF’'s NGLTM and COTM evaluate NGL and crude oil transport requirements to estimate pipeline capacity
requirements. The models rely on regional NGL and crude oil production from the DPR, and consider
pipelines, railways, trucking routes and marine channels as means of transporting raw (y-mix) and purity
NGLs and crude oil from production areas to refineries, export terminals, and processing and industrial
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facilities that use the hydrocarbons either as a fuel or feedstock. The model estimates refinery
enhancements and output as well as oil product transport and crude oil and oil products exports.

2.2 Infrastructure Methodology and Criteria

ICF’s MIR projects natural gas, NGL and crude oil infrastructure requirements by considering:

Regional natural gas supply-demand growth based on scenario market trends;
Well completions and production by region;

Gas processing and NGL fractionation requirements;

Changes in power plant gas use;

Regional underground and above ground natural gas storage needs;

V V V VYV V VY

Changes in transportation of natural gas, NGL, and oil brought on by regional supply-demand
balances, changing market forces and world trade of raw and refined energy products.

2.2.1 Estimating the Amount of Infrastructure Development

Exhibit 5 lists the criteria applied to estimate new infrastructure development and the capital
expenditures associated with it. Near-term infrastructure development includes projects that are
currently under construction or are sufficiently advanced in the development process. Unplanned projects
are also included in the projection when the market signals need of new capacity.

The infrastructure assessment includes surface and lease equipment, offshore platforms, gathering,
processing, and fractionation projects. Natural gas transport capability adds to the infrastructure stack
based on projections from the GMM. Supply growth and market evolution within and across geographic
areas create the base for the decision to add pipeline capacity. Included are projects that are currently
under development (including projects characterized as new pipeline, expansion projects, repurposing
projects and reversals of pipelines), as well as unplanned or “generic” projects. If unknown for a specific
project, the project’s pipeline mileage and compression calculations use rule-of-thumb estimates based
on historical capacity expansion data along various pipeline corridors.
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Exhibit 5: Criteria for New Infrastructure Development

Metric

Gas gathering line miles per well (for
gathering gas both from gas wells and
oil wells)

Share of new wells that are pad
drilled

Average number of wells per pad

Oil gathering line miles per oil well
(only applies to high-productivity
wells)

Gas gathering line compression
requirement

Portion of gas production growth that
requires new processing capacity

Criteria

Gathering line mileage requirements calculations assume the number of
wells per pad and number of pads per processing plant.

The configuration below is an example of a system with 16 pads per
processing plant, six horizontal wells per pad, and 120 acres well spacing.
This configuration requires a total of about 0.24 miles of gathering line per
well with a combination of four different pipe sizes.

Configuration for 16 Pads per Processing Plant
with 6 Horizontal Wells per Pad
4-State Pipe Connections
Stage 1
Well Pad

Processing
(6 wells)

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

The average four wells per pad in 2010 is assumed to increase to 18 wells
per pad by 2035. An increasing number of wells per pad will reduce the
total mileage but increase the average diameter for gathering pipelines.

0.25 miles/well for four-well pads and 0.125 miles/wells for eight-well
pads. High productivity oil well is defined as wells with EUR greater than
30,000 barrels.

141 horsepower for every 1 million cubic feet per day of production.

Average of 60 percent; varies by play and region.
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Criteria for New Infrastructure Development (Continued)

Metric

Gas processing plant size

Gas laterals for processing plant

Gas lateral diameters for processing plant

Gas power plant capacity

Gas laterals for gas power plants

Gas lateral diameter for gas power plant

Gas storage capacity

Compression requirements for gas storage
fields

Criteria

Between 25 and 600 million cubic feet per day, yielding an average of
275 million cubic feet per day for all production; varies by play.

Average 20 miles per plant.

Between 10 to 30 inches estimated by using the size of the plant.

If unknown, the average power plant size for combined cycle plants is
assumed to be 500 Megawatts (MW). Combustion turbine capacity
can range up to 500 MW.

15 miles per power plant.

24 inches for combined cycles. Diameter for small power plants is
calculated using Panhandle Equation assuming a heat rate of 8,000
Btu/kWh (to estimate gas throughput).

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

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

1,880 horsepower per billion cubic feet of working gas capacity for salt
cavern storage.

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

1,200 horsepower per billion cubic feet of working gas capacity for
aquifer reservoir storage.

17



Criteria for New Infrastructure Development (Continued)

Criteria

Portion of NGL production growth that
requires new fractionation capacity

NGL Fractionation Plant Size

NGL Laterals for Fractionation and
Petrochemical Facilities

NGL lateral diameter

Crude oil storage tank capacity

Crude oil storage tank farm size

Crude oil tank farm laterals

Oil product pipeline miles

Oil product pipeline diameter

Pumping requirements for crude oil and
oil product pipelines

Average of 85 percent, varies by play and region.

Between 25,000 and 500,000 barrels per day, yielding an average of
75,000 barrels per day for all production; varies by play and region.

Average 50 miles per 100,000 barrels per day of NGLs.

Average 14 inches.

Average of 5,000 barrels per tank.

Average of 750 tanks per farm.

Average 20 miles per tank farm with diameters ranging between 12
and 24 inches.

Average of 1.3 miles per 1,000 barrels per day of incremental refinery
output.

Average of 15 inches, varies by PADD.

Average of 177 horsepower per mile of pipeline.

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

Computations for the mileage for gas gathering lines considers well spacing and configuration, the number
of wells in multi-well pad configuration, and the number of pads per processing plant. The core
calculations assume a certain amount of gathering line mileage per well. Estimates for compression
requirements for gas gathering lines rely on production levels and by assuming a pre-defined horsepower-
to-production ratio, estimated from historical data.

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

The number of unplanned gas-fired power plants develops by considering the growth of gas-fired power
generation. Applying the total incremental gas power plant capacity helps to estimate the number of new
gas power plants built in each geographic area, based on assumed plant sizes. The required lateral pipeline
mileage is then calculated using an assumed mileage per plant. The estimated diameter for the laterals
relies on the required throughput for each plant, calculated based on each plant’s heat rate.

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

NGL pipeline capacity develops based on supply development, North American market growth, and export
activity. Infrastructure tallies include announced NGL pipeline projects that are under construction or
deemed far enough along in the development process to see completion. This includes NGL raw-mix
pipelines and pipelines built to transport a single liquid (for example, ethane or propane) or a mix of
condensate products (for example, pentanes-plus) used as a diluent for oil transport.

Additionally, the NGL pipeline capacity includes new NGL pipeline projects to support future supply
development and market growth. NGLs produced in relatively constrained areas require new pipelines to
foster transport of the liquids to market areas or export facilities. If unknown, pipeline mileage for new
capacity estimates rely on the distance between geographic areas, and the size of the pipeline and
pumping requirements consider expected throughput.

NGL lateral mileage from gas processing and fractionation facilities to an NGL transmission line is
calculated based on the amount of NGLs processed (i.e., removed from the gas stream). Lateral mileage
and the diameter of each lateral estimates rely on an assumed number of miles per volume of NGLs
processed and based on an average processing-fractionation plant size.

Incremental NGL fractionation capacity estimations rely on NGL supply development and market growth.
NGL export capacity is scenario-dependent, based on supply development and market activity.
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Required oil gathering line connections arise only for high-productivity oil wells. Wells with low
productivity do not require gathering lines, as local tank storage and field trucking handles oil production.
An assumed “cutoff” for estimated ultimate recovery (EUR) per well helps to separate high and low
productivity wells. Oil gathering line mileage is then derived based on the number of wells per drill site, if
an average mileage of gathering line needed for each high-productivity well.

The need for crude oil transmission capacity derives from supply development and import/export activity.
The study considers rail and trucking of oil as transport options. The pipeline stack includes announced
pipeline projects. If unknown for a project, pipeline mileage estimates based on the distance between the
relevant geographic areas for each project are used. The study estimates sizing of a pipeline and pumping
requirements based on throughput.

Additions of crude oil storage rely on oil production growth within geographic areas. The number of crude
oil tanks develops from the required storage capacity for fields, assuming an average tank size. The
required number of tank farms develops based on an average number of storage tanks per tank farm. The
lateral mileage for oil storage capacity estimations derive from assumptions of required needed miles of
lateral per tank farm.

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

Included are planned crude oil refinery capacity additions and enhancements. The study includes changes
to refineries only in this category because it is difficult to distinguish between “new” capacity and
enhancements and upgrades to existing capacity.

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

2.2.2 Estimating Capital Requirements for Oil and Gas Infrastructure Development

Historical unit costs of pipeline and compressor construction rely on Oil & Gas Journal survey of U.S.
pipeline and compressor station projects completed between 1980 through June 2017. Since the cost data
for 2017 is not complete, a regression of the historical data estimates average cost for 2017.

The unit cost for pipeline construction has risen significantly in recent years. This illustrates the change
by comparing the regressed 2017 cost to the predicted value for the year 2017 in the previous study. The
average U.S. pipeline unit cost in 2017 was about $230,000 (in 2016 dollars) per inch-mile, varying
regionally. In the 2016 INGAA Study, the predicted average U.S. pipeline unit cost in 2017 was $158,000
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per inch-mile. By contrast, the cost of compression tracked closely with the previous study with the U.S.
average unit cost for compressor station construction in 2017 is $3,100 per HP, varying by region,
compared with $3,000 in the 2016 INGAA Study.

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

In the Escalating Unit Cost scenario, the unit costs rise in real terms in the projection. Included are the
escalation of the unit costs for pipeline and compressor station construction determinations based on
regression of the historical unit costs with natural gas production growth. The regression was done by
region because the unit costs are very different across regions; for example, costs are relatively high in
the Northeast, where projects have been very difficult and time-consuming to construct due to congested
corridors and rough terrain, but much lower in the South-Central region, which has generally been in
open, rural corridors friendlier to infrastructure development. The construction costs for pipeline and
compressor stations shown in Exhibit 6 and Exhibit 7, respectively.

The study assumes the unit costs for other type of assets (surface and lease equipment, offshore
production platforms, gathering, processing, etc.) remain constant in real terms in the projection in the
Constant Unit Cost scenario and escalate at the same average rate of the unit cost for pipelines and
compressor stations in the Escalating Unit Cost scenario.
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Exhibit 6: Pipeline Construction Cost (2016$ per Inch-Mile) for the Escalating Unit Cost Case

New Mortheast Pennt:\rl— Mid Atlantic South C:entml:.‘ Pacific California
England [NY, NI} vania Central Mountain  Northwest
2000 $65,505 §217,511  $119,003 §55,733 §77,425 $80,612 $25,301 536,241 $67,079 5§61, 304
2001 555,440 595,831 584,677 551,902 564,427 162,841 568,477 549,466 569,644 546,447
2002 $58,304 $524,223 $67,205 $86,858 571,357 $71,632 $409,681 $57,410 $77.896 $34,037 $1,587,181
2003 $81,100 $323,536 $02 961 405 625 $87,524 $121235 $62,066 852,727 $203,125
] 2004 $87,788 $415,355 $170,167 584,684 $108,700 $106,618 $119,339 $90,239 $108,552 $45,452 $122, 853 $55,582
"r'u' 2005 $66,730 $253,797 $04,846 $134,334 $84, 809 $74,679 $107,266 $102,164 $50,459 456,779 $73,688
O 06 sa47ss 578,354 $80301  SA9561 561,807
o 2007 $109,156 $405,818 $620,070  $209,985 67,299 $68,619 $77,145 $154, 274
O | o008 568,083 $321,385  $422 668 108 217 5217086  $127,593 $146,625 575,375 5101, 829
= 2009 $148, 422 $134,468 $131,043 $179,172 $126,625 $246 653
_E 2010 $111,656  $750,271 $156,318 $110,587 584,744
A o011 $118,999 $149, 573 $112, 103 $143415 $101,194 $84 370 $129, 284
I | 002 $142 914 5414 225  $133,296 595,079 $465,039 §117,123  $115,586 $308,531
2013 $218, 603 573,680 4300, 662 $207, 304 $360,964 $10,026 $227,427 $161,773 $219 281 $132 678 $170,160  $238,668
2014 $130,068 $193, 247 5266,028 §94326  $1,155413 $114,372 589,064 $403,035
2015 §221 713 568,032 §175,283 510,617 $279,170 5172,225 $108,407 5118, 454
2016 $356,149 $629,279 $663,510 $222,300 $253,541 $188,611 $156,852 $199,283

2017 $229,708  $660,011 $594,650  $198,123 $248,058  §159,502  $295338 $177,970  $161,942 $137,381 $187,132 5400264
2018 $240,053  G680754  $620,588 5203770  $257495  $164,654 5305894 5183457 167,615 §142,947  §193,824 5422666
2019 §250,397  $701,498 S646,526  S209,418 $266932  5169,806 5316449 $188943 5173287 148,513 $200,516 5445068
2020 S260,742  §722242 5672464 5215065  $276360 5174958  S$327,005 5194429  S$1780959 5154080  S207,208 5467471
2021 $271,087  $742,986 $698,402  $220,713 $285.806  5180,108  $337560  $199915 5184631 $159,646 $213,900  $489,873
2002 $281,432  $763,730  $724,340  $226,360  $295242  $185261  $348116  S205402  $190,303  S$165212 5220592 $512,275
2003 5291776 5784473 5750,278 5232008 5304679  5190,413 5358672 $710,888 5195975 170,779 527,284  5534,677
2024 $302,121  G80S 217 5776215 $237,655  $314116 5195564  S$369,227 5216374  S200L647  S176,345 5233976 5557009
2025 §312,466  $825961 S802,153  $243,303 $323,553  5200,716 5379783 $221860  $207,319 5181911 5240668  5579,482
2026 $322,811  GB46705  S828.091 5248951  $332,990 205868  $390,339  $227.346  $212.091  §187,478  5247,360 5601884
2007 533,405 5853938 5849630 5253,542 5340830  5210,148 5399108 $231904  5217,703 $192,102 552,919 5620494
J008 5338009  G877361  S866,423  5757,297  $346936 5213481  S405938 5235454 5271373 5195704  5257,249 5634990
2029 §341,937  $885057 576,046  5259,392 $350,438 5215383 5409854  S$237490 5223478 $197,769 §259,732 5643302
2030  $347,151  G895513 5889120  5262,239 $355194  5217,989  S$415175 5240255  $226337 5200575  5263,105 5654503
2031 5350,209 $901,826 5897,014  $263,957 5358066  5219,557 5418383 5241925 5228063 5202,269 5265142 5661411
2032 $354577 5910403  $907,739 266,293 5361968  S221 687 5422752 5244193 5230408 5204570 5267909  S670,675
2033 5357,183  $015630  5014,275 5267716 $364,346  5222,085 5425412 $245576  5231,838 5205,973 5269,505 5676319
2034 $361,288  G923860  S924566 5260956  S$368,090 5225029  S429600 5247752 5234088  S208181  5272,250 5685208
2035 5364,232 5929764 5931948  S27L564  S370776 5226496 5432604 5249314  S235702 5209,766 5274155  5691,583
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Historical Data

Projection

Exhibit 7: Compressor Station Construction Cost (2016$ per Inch-Mile) for the Escalating Unit Cost Case

New Northeast Pennsyl- . . . ) South Central/ Pacific ) .
) Mid Atlantic Southeast Florida Midwest " California
England (NY, NJ) vania Central Mountain  Northwest

2000 $1,866 $2,722 $2,125 $1,544 $1,754 $2,402 $2,402
2001 $1,840 $1,948 $1,542 $1,704 $1,516 $2,896 $2,323 $1,500 $1,970
2002 $1,788 $3,185 $1,914 $1,440 $1,746 $2,420 $2,429 $1,531 $1,583 $2,170 $1,874
2003 $1,833 $1,828 $2,911 $1,799 $3,055 $1,891 $1,352 $1,432
2004 $1,988 $2,818 $2,095 $1,756 $1,998
2005 $2,135 $2,346 $1,445 $2,393 $2,413 $1,673 $1,643 $2,367 $2,659
2006 $1,986 $3,237 $2,486 $2,261 $2,132 $1,840 $1,535 $1,313 $1,520
2007 $1,711 $2,504 $1,597 $1,422 $1,929 $1,551 $1,843
2008 $2,132 $3,185 $5,758 $2,668 $3,101 $1,781 $1,894 $2,116 $2,481
2009 $2,112 $2,435 $5,810 $2,235 $4,277 $2,331 $2,618 $1,668 $3,196 $2,158
2010 $2,857 $3,597 $2,378 $4,057 $5,015
2011 $2,669 $3,088 $1,613 $5,196 $3,282 $2,026 $4,191 $5,287
2012 $2,776 $2,050 $2,987 $4,211 $3,283 $2,487 $3,732 $2,899 $3,289
2013 $3,022 $4,097 $3,453 $3,011 $6,831 $3,463 $3,252 $4,933 $2,935 $3,745 $3,114 $3,343
2014 $3,001 $3,102 $2,972 $5,196 $2,996 $3,674 54,882
2015 $2,913 $2,704 $2,721 $3,115 $4,430 $3,998 $3,322
2016 $2,958 $4,003 $4,721 $3,197 $6,116 $2,974 $1,913 $2,646
2017 $3,092 $4,205 $3,419 $3,030 $5,489 $3,729 $3,931 $3,347 $2,823 $4,562 $3,580 $5,675
2018 $3,243 $4,384 $3,561 $3,230 $5,874 $3,922 $4,185 $3,479 $2,939 $4,919 $3,782 $6,138
2019 $3,394 $4,563 $3,703 $3,429 $6,258 $4,115 $4,438 $3,612 $3,056 $5,276 $3,984 $6,602
2020 $3,545 $4,742 $3,844 $3,629 $6,642 $4,309 $4,691 $3,744 $3,172 $5,633 $4,185 $7,065
2021 $3,696 $4,921 $3,986 $3,828 $7,027 $4,502 $4,944 $3,876 $3,288 $5,990 $4,387 $7,528
2022 $3,847 $5,100 $4,128 $4,028 $7,411 $4,695 $5,197 $4,008 $3,405 $6,347 $4,589 $7,991
2023 $3,998 $5,278 $4,269 $4,227 $7,795 $4,889 $5,450 $4,141 $3,521 $6,704 $4,790 $8,454
2024 $4,149 $5,457 $4,411 $4,427 $8,180 $5,082 $5,704 $4,273 $3,638 $7,060 $4,992 $8,917
2025 $4,300 $5,636 $4,553 $4,626 $8,564 $5,275 $5,957 $4,405 $3,754 $7,417 $5,194 $9,380
2026 $4,451 $5,815 $4,694 $4,826 $8,949 $5,469 $6,210 $4,537 $3,871 $7,774 $5,395 $9,844
2027 $4,576 $5,964 $4,812 $4,992 $9,268 $5,629 $6,420 $4,647 $3,967 $8,071 $5,563 $10,228
2028 $4,674 $6,080 $4,904 $5,121 $9,517 $5,754 $6,584 $4,733 $4,043 $8,3