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Abbreviations
AEO

ANS

BAU

bbl

b/cly

bpd

Btu

CAFE

CAPP
cpg
DOT

DPR

E&P
EF

EIA

FOB
GDP
HHFT
IEA

IMPLAN

Glossary

EIA Annual Energy Outlook

Alaska North Slope

Business as Usual

Barrel

barrels moved by one railcar in a year

Barrels per day

British thermal unit, used to measure fuels by their energy content.

Corporate Average Fuel Economy standards to improve the fuel economy
of U.S. vehicles first enacted in 1975 that are periodically updated

Canadian Association of Petroleum Producers
Cents per gallon
U.S. Department of Transportation

Detailed Production Report, ICF's proprietary play-level natural gas,
natural gas liquids (NGL), and oil production model

Exploration and production of oil and gas resources
Eagle Ford crude oil, a light sweet oil produced in Texas

U.S. Energy Information Administration, a statistical and analytical agency
within the U.S. Department of Energy

Free on Board

Gross Domestic Product
High-hazard flammable train
International Energy Agency

Impact Analysis for Planning (IMPLAN) Model, an input-output economic
model
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MMbbl
MMbpd
PADD
PHMSA
NAICS Codes
SERC

TBD

WCS

WTI

Million barrels of oil or liquids

Million Barrels per Day

Petroleum Administration for Defense District

Pipeline Hazardous Materials Safety Administration
North American Industrial Classification System Codes
State Emergency Response Commission

Thousand barrels per day

Western Canadian Select crude oil, a heavy, sour crude blend produced in
western Canada, derived largely from oil sands

West Texas Intermediate
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Terms Used
Bitumen — an extra heavy crude oil type characterized by high viscosity and low API gravity.

Class 3 flammables — flammables with flash point of greater than 140° F such as ethanol,
gasoline, jet fuel, and conventional and tight crude oil.

Crude Oil Types

Light crude oil —Crude oil that is typically defined as having an API gravity above 35.0
degrees (alternative breakpoints are also used). For exhibits in this report, light crude is
defined as 35.0 degrees and higher to correspond with breakpoints of certain DOE/EIA
historical data series. Bakken tight oil, West Texas Intermediate (WTI), and Light Louisiana
Sweet (LLS) are types of light crude oil.

Medium crude oil —Crude oil that is typically defined as having an API gravity starting
somewhere between 25 degrees and 35 degrees (breakpoint of light crude). For exhibits in
this report, medium crude is defined as ranging from 25.1 to 34.9 degrees to correspond with
breakpoints of certain DOE/EIA historical data series. Crude oil from the Alaska North Slope
(ANS), West Texas Sour (WTS), and Basrah (Iragi) are examples of medium crude oil.

Heavy crude oil — Heavy crude oil is defined has having an API gravity below the lower
breakpoint of medium crude oil. For exhibits in this report, heavy crude is defined as 25.0
degrees and lower. The term “extra heavy oil” is defined has having API gravity below 10.0
degrees. Railbit, dilbit (Western Canadian Select, WCS), and Maya (Mexican) are examples
of heavy crude oil.

Dilbit — a mixture of bitumen diluted with roughly 30% diluent to facilitate pipeline transportation
of the bitumen.

Diluent — a diluting agent used to dilute the viscosity of bitumen to facilitate bitumen pipeline
transportation. Typical diluents include lease condensate, pentanes plus from gas processing
plants, butane, synthetic crude, and light crudes.

Economic Terms

Direct Impacts — represent the immediate impacts (e.g., employment or output changes) in
Sector A due to greater demand for and output from Sector A. These are the immediate
impacts (e.g., employment or value added changes) in a sector due to an increase in output in
that sector.

Indirect Impacts — represent the impacts outside of Sector A in those industries that supply
or contribute to the production of intermediate goods and services to Sector A. These are
impacts due to the industry inter-linkages caused by the iteration of industries purchasing from
other industries, brought about by the changes in direct output.
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Induced or “Multiplier Effect” Impacts — represent the cumulative impacts of spending of
income earned in the direct and indirect sectors and subsequent spending of income in each
successive round. Examples include a restaurant worker who takes a vacation to Florida, or a
store owner who sends children to college, based on higher income that arises from the initial
activity of crude oil production. These are impacts on all local and national industries due to
consumers’ consumption expenditures rising from the new household incomes that are
generated by the direct and indirect effects flowing through to the general economy. The term
is used in industry-level input-output modeling and is similar to the term Multiplier Effect used
in macroeconomics.

Lease Condensate — a light liquid hydrocarbon produced from non-associated natural gas
wells. (Note: Non-associated natural gas wells are natural gas wells that are not associated with
oil production.) Lease condensate is typically transported to market by adding it to the crude oil
stream after extraction from natural gas streams.

Legacy Cars — refers to DOT 111 Specifications tank cars. DOT 111 cars comprise the most
common type of tank cars currently used in the U.S. and Canada.

Manifest Train — is a type of freight train that carries more than one category of goods or
commodity, and unload goods carried at several locations along a route. Manifest trains differ
from unit trains in that unit trains typically carry only one type of commodity and move from the
origin to one destination only.

Netback Price (or Value) — The value of a product at the place of production (such as oil at the
wellhead) calculated as the market sales value minus the costs of delivering the product to the
market.

Oil and Gas Supply Chain Activities

Upstream Oil and Gas Activities — consist of all activities and expenditures relating to oil
and gas extraction, including exploration, leasing, permitting, site preparation, drilling,
completion, and long-term well operation.

Midstream Oil and Gas Activities — consist of all activities and expenditures downstream of
the wellhead, including gathering, gas and liquids processing, and pipeline transportation.

Downstream Oil and Gas Activities — consists of all activities and expenditures in the areas
of refining, distribution, and retailing of oil and natural gas products.

Packing Groups (PGs) — the Pipeline and Hazardous Materials Safety Administration
(PHMSA) separates materials transported by rail into several packing groups. For this analysis,
ICF assumed light oil, such as Bakken tight oil, would be included in Packing Group 1 (PG1),
the category with the lowest initial boiling point. Dilbit and railbit are included in PG2, as well as
ethanol and other flammables. Materials that may fall into PG3 (materials that have the highest
initial boiling point) would include products such as raw bitumen. For this study, ICF did not
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include PG3 materials in the analysis.

Petroleum Administration for Defense Districts (PADDs) — five PADDs were created during
World War Il to allocate fuels across the country. Note that PADD 1 (East Coast) is divided up
into three sub-regions. See Appendix A for a map of the United States by PADD.

Railbit — a mixture, similar to dilbit, wherein diluent is added to bitumen to facilitate rail
transportation (generally at a lower, roughly 15%, blend ratio than that needed for pipeline
transport).

Shale gas and liquids — recoverable volumes of gas, condensate, and crude oil from
development of shale plays. Tight oil plays include those shale plays that are dominated by oil
and associated gas, such as the Bakken in North Dakota (also see: tight oil). (Note: Associated
gas refers to natural gas produced from wells also producing oil.)

Tight oil — tight oil is light crude oil or condensate contained in petroleum-bearing formations of
low permeability, including shales, carbonates, sandstone and combinations of several
lithologies. Economic production of tight oil typically involves the application of the same
horizontal well and multi-stage hydraulic fracturing technologies that are used to produce shale
gas. Although often produced from shales, tight oil should not be confused with oil shale, which
is shale rich in kerogen (fossilized organic matter from which hydrocarbons may be generated
under high heat and pressures).

Unit Train — is a type of freight train that typically carries only one category of goods or
commodity from the origin to one destination. Unit trains differ from manifest trains in that
manifest trains can carry several commodity types, loading and unloading goods at several
locations along a route.
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Conversion Factors
Energy Content of Crude Oil
1 barrel = 5.8 MMBtu = 1 BOE

Energy Content of Other Liquids

Condensate 1 barrel = 5.3 MMBtu = 0.91 BOE

Assumed Model Factors

Shale Crude

Dilbit

Railbit

Ethanol

API Gravity
40.7°
20.5°
15.0°

51.5°

Pounds/Gallon

6.846

7.755

8.047

6.580
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1 Executive Summary

U.S. tight oil production and Canadian oil sands production have fundamentally altered the
North American energy landscape. As production has risen, rail transportation of crude oil has
grown significantly to accommodate the rapidly expanding production. In August in response to
the rising role of crude by rail, PHMSA released a proposed rule that would, in part, require tank
cars carrying flammable liquids (e.g., crude oil, ethanol and other flammables) to meet certain
standards by certain dates in order to continue operating.

To understand the impact of PHMSA'’s proposed regulation, ICF International developed an
economic impact model to represent: 1) the existing fleet and its normal retirement outlook; 2)
retrofit and new build costs and capacities; and 3) demands for crude, ethanol and
petrochemicals moved by rail over the 2014 to 2024 period (“study period”). The model uses
these inputs to determine the optimal economic path to meet the proposed regulations. In the
event of insufficient qualified railcars, the model utilizes estimated costs of alternative options
(e.g., pipeline, trucking, shut-in production, etc.) to reflect how the volume displaced by railcar
shortages would be managed. The model outputs are used to estimate the broader U.S. and
Canadian economic impacts in terms of changes to consumer costs, gross domestic product
(GDP) effects, and job effects.

1.1 Key Findings

1) The costs to comply with the proposed regulation are driven by 1) the capacity to retrofit
railcars to PHMSA's proposed Option 1, 2 and 3 standards; 2) the cost and time required
to perform the retrofits; 3) the capacity to build new tank cars and their costs; 4) the
number of cars requiring retrofitting; and 5) the demand for crude oil movements by rail
in the U.S. and Canada over the study period.

2) Assumptions used by PHMSA in their Regulatory Impact Analysis are systematically
optimistic and lead to unrealistically low impacts. By contrast, the assumptions used by
ICF reflect lower capacity to retrofit rail cars, greater time and cost required to retrofit
cars, and substantially higher demand for crude by rail service, particularly if Keystone
XL is denied. This study used the Railway Supply Institute’s (RSI) cost estimates for
each individual retrofit component. Assumptions related to the time needed to perform
retrofits were developed by the ICF Team based on inputs from RSI and various industry
participants including shippers and rail car maintenance shops.*!

3) The model results indicate that the proposed regulations and timing would not be
possible without extensive scrapping of the existing legacy fleet in 2018 and 2019.
Furthermore, compliance would entail the displacement of substantial volumes of crude
oil, ethanol, and other flammables onto alternative transportation modes — including

1|CF used the Railway Supply Institute’s (RSI) 7-2-2014 retrofit capacity estimate of 5,700 cars per year after a one year ramp-up,
cost estimates —based on PHMSA and RSI estimates of individual enhancements- that are 65% to 160% greater than PHMSA's,
and estimates of rail car demand which are roughly larger than PHMSA's by 20,000 railcars in 2015 to 40,000 railcars in 2020.
(These railcar demand figures would be even larger if KXL was not constructed.)
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trucking — for several years until new build capacity for railcars allows the movement to
move back to rail transport. These impacts could negatively affect GDP and employment
in the U.S. and Canada.

In summary, the rule would require too many cars to be retrofitted in too short of a time period
given the existing and expected retrofitting capacity and expected increasing demand for rail
transportation. These factors result in significant impacts to production, consumer costs, and
even U.S. and Canadian GDP and employment.

1.2 Details

The ICF model determines the overall transportation cost to the oil/rail industry to deliver crude,
ethanol, and other flammables to the market in a “Business as Usual’? case as well as the three
options proposed by PHMSA. All four cases are examined under both a scenario that assumes
KXL is approved (and operational in 2017) and a second scenario in which KXL is denied and
the demand for transporting crude by rail is correspondingly higher.

The model outputs indicates that the cost of retrofitting and the limited capacity to retrofit results
in a large number of railcars being scrapped or re-purposed (Exhibit 1-1), in large part because
they could not be retrofitted before the binding phase-out date or before demand could
eventually be met by newbuilds.

Exhibit 1-1: Railcars Scrapped/Repurposed

Scrapped or Repurposed Railcars (No.)

With KXL Without KXL
Business as Usual 03 0
Option 1 86,457 83,661
Option 2 84,631 83,682
Option 3 71,482 63,267
Source: ICF

The inability to retrofit railcars in time for the proposed regulation compliance dates requires
substantial volumes of crude oil, ethanol and other flammables to be shifted to alternative, more
costly means of transportation or, in some cases, result in shut-in crude oil production. The
degree of impact increases should Keystone XL be denied, which requires an additional
700,000 barrels per day to be moved by rail above the base forecast increase (Exhibit 1-2).

2 The “BAU” case assumes the same growth in demand for crude oil by rail (U.S. and Canada) and the same new build and retrofit
capacities and costs and fleet retirements as the option cases, but assumes new railcar demands are met by new CPC 1232
jacketed railcars.

8 Excludes normal retirements over the period
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Exhibit 1-2: Total Volumes Displaced by Year, in Thousand Barrels per Day
(TBD) and Tank Cars (Cars)
With Keystone XL Without Keystone XL

Option 1 Option 2 Option 3 Option 1 Option 2 Option 3

TBD Cars TBD Cars TBD Cars TBD (OF16S TBD Cars TBD Cars
2018 | 177 | 5,931 | 162 | 5,412 | 200 | 6,693 | 250 | 8,366 250 | 8,366 | 144 | 4,804

2019 | 530 | 21,953 | 467 | 19,697 | 198 | 7,675 | 1212 | 46,451 | 1157 | 44,379 | 482 | 20,359

2020 | 183 | 6,131 | 164 | 5,477 0 0 454 | 16,469 | 396 | 14,276 | 178 | 5,964
2021 0 0 0 0 0 0 85 2,844 5 176 0 0
Source: ICF

Note: This exhibit shows amounts of crude oil and other flammable liquids that were expected to be transported by rail in the U.S.
and Canada that will have to be transported by other means (or not produced) due to shortages of compliant rail tank cars. It also
shows the minimum number of tank cars that would be needed to move those volumes.

The volumes that can no longer be moved by rail are alternatively moved by various means,
including some crude by pipeline, but the movements are primarily by truck, including as much
as 150,000 barrels per day of ethanol and 150,000 barrels per day of other flammables in the
most constrained year (2019). These volumes, as well as a substantial volume of crude oil,
must move long distances by truck to replace rail.

The cost implications of each of these cases is substantial versus a BAU case, which is based
on meeting increased crude oil demand from the construction of new CPC 1232 jacketed crude
cars. The exhibit below summarizes the annualized cost of each option using cost and timing
assumptions for retrofits and new builds and forecasted commodity demand growth by rail and
displaced volume alternatives developed by ICF International (Exhibit 1-3). For example,
PHMSA'’s Option 1 has annualized costs above business as usual of $12.8 billion if KXL is
approved and $22.8 billion if KXL is denied.

Exhibit 1-3: 2014-2024 Annualized Costs
Total Annualized Cost (MM$) Annualized Cost vs BAU (MM$)

BAU Option1 Option2 Option3 Option1 Option 2 ‘ Option 3

Keystone XL
Aporoved $2,131 | $14,893 | $13,771 | $10,193 | $12,762 | $11,640 | $8,062
giﬁéz"e XL $3574 | $26392 | $24.352 | $14.076 | $22.818 | $20,778 | $10,502

Source: ICF Model Output based on defined assumptions

Note: This exhibit shows the costs of new and retrofitted rail tank cars and, when needed, alternative modes of transportation or the
opportunity cost of shutting in production of crude oil. The cost of new and retrofitted tank cars are “annualized” or spread out over
the remaining lives of the cars. This exhibit shows such annualized costs summed only over the years 2014 to 2024 for the U.S. and
Canada.

Impact of PHMSA Proposed Regulations — Consumer Costs, GDP, and Jobs

There are several additional impacts the proposed regulations will have on the broader U.S. and
Canadian economies. These impacts stem from increased rail transportation costs for crude olil,
ethanol, and other flammables, and a shift from rail transportation to much more expensive
trucking and/or periods of shut-in crude production, particularly in the critical 2018-2019 period
when the proposed regulations begin to require use of new or retrofitted railcars. The shift is
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required due to the inability to retrofit the existing fleet in time due to limited shop capacity and
the time to complete retrofits. As noted, the situation will be significantly worse if the Keystone
XL pipeline is not approved, as this will require an additional 700,000 barrels per day, intended
to be moved by pipeline, to be added to the crude by rail demand.

The higher transport costs for crude could reduce producer netbacks at the wellhead and
reduce the incentives to invest in new productive capacity for crude oil. The resulting lower
productive capacity, combined with possible transport bottlenecks that may force shut-in of
productive capacity for some period of time, will reduce U.S. and Canadian oil production.
Lower U.S. and Canadian oil production will, in turn, put upward pressure on world oil prices,
which could be one source of higher prices for U.S. and Canadian consumers.

Exhibit 1-4 below shows the expected changes to U.S. and Canadian oil production in barrels
per day. The highest impact occurs in 2019 when the combined U.S. and Canadian production
declines by as much as 613,000 barrels per day. These reductions in production adversely
affect U.S. and Canadian GDP and jobs and they put upward pressure on world oil prices,
which the ICF modeling suggests could increase by as much $1.35/bbl in the peak impact year.
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Exhibit 1-4: 2015-2024 U.S. and Canadian Crude Oil Production Changes

2015-24
2016 2017 2018 2019 2020 2021 2022 2023 2024 Annual
Avg

2015-24
Sum

U.S. Oil Production Changes (bpd)
With Keystone XL

Option 1 - (1,693) (3,191) (7,870) (17,552) (26,483) (31,566) (34,097) (35,094) (34,114) (21,296) | (191,660)
Option 2 - (1,693) (3,191) (7,870) (13,630) (19,236) (22,686) (24,313) (24,874) (24,767) (15,807) | (142,260)
Option 3 - - - (3,880) (9,222) (12,642) | (14,401) | (15,308) | (15,627) | (15,564) | (12,378) | (86,644)
Without Keystone XL

Option 1 - (1,693) (3,191) (11,546) (33,698) (55,821) (70,618) (78,820) (81,525) (80,793) (46,412) | (417,705)
Option 2 - (1,693) (3,191) (11,546) (33,698) (55,821) (70,618) (78,820) (81,525) (80,793) (46,412) | (417,705)
Option 3 - - - (3,880) (9,176) (16,234) | (21,024) | (23,355) | (24,385) | (23,605) | (17,380) | (121,659)
Case Canadian Oil Production Changes (bpd)

With Keystone XL

Option 1 - 2) (38,028) (41,230) (34,626) (21,927) (4,173) (3,164) (2,129) (1,243) (16,280) | (146,522)
Option 2 - (1) (27,660) | (30,021) | (21,421) | (21,395) (3,214) (2,440) (1,641) (953) (12,083) | (108,746)
Option 3 - (1) (18,675) | (20,497) | (10,498) - - - - - (12,418) | (49,671)
Without Keystone XL

Option 1 - (92) (44,998) (73,083) | (578,996) | (165,886) | (33,453) (7,250) (4,843) (2,798) (101,267) | (911,399)
Option 2 - (93) (44,998) (73,082) | (523,160) | (145,681) | (31,070) (4,697) (3,121) (1,801) (91,967) | (827,703)
Option 3 - (1) (27,721) | (30,128) | (21,518) | (21,540) (3,391) (2,533) (1,678) (966) (12,164) | (109,476)
Case U.S. + Can. Oil Production Changes (bpd)

With Keystone XL

Option 1 - (1,696) (41,219) | (49,100) | (52,177) | (48,410) | (35,739) | (37,261) | (37,223) | (35,357) | (37,576) | (338,182)
Option 2 - (1,695) (30,852) (37,892) (35,052) (40,632) (25,900) (26,753) (26,515) (25,720) (27,890) | (251,011)
Option 3 - ) (18,675) | (24,378) | (19,720) | (12,642) | (14,401) | (15,308) | (15627) | (15564) | (15,146) | (136,316)
Without Keystone XL

Option 1 - (1,786) (48,190) | (84,629) | (612,694) | (221,707) | (104,071) | (86,071) | (86,368) | (83,591) | (147,679) |(1,329,107)
Option 2 - (1,786) (48,189) (84,628) | (556,858) | (201,502) | (101,689) | (83,517) (84,646) (82,594) | (138,379) | (1,245,409)
Option 3 - 1) (27,721) (34,008) (30,694) (37,775) (24,416) (25,888) (26,064) (24,570) (25,682) | (231,137)

Source: ICF modeling results

Other factors that could lead to higher costs to consumers include higher shipping costs for
petroleum products and higher shipping costs for ethanol that will be blended into gasoline.
Such higher consumer costs reduce spending on non-energy consumer goods and services
reducing output and jobs in those sectors. As shown in Exhibit 1-5 below, potential higher
consumer costs for gasoline and other petroleum products are estimated to be in the range of
$14.4 to $22.8 billion in the 2015 to 2024 period in the scenario where Keystone XL is
approved. In the scenario where Keystone XL is not approved, constraints on crude, petroleum
products and ethanol are more severe and so potential consumer cost impacts are estimated to
increase even more to the range of $21.0 to $45.2 billion.
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Exhibit 1-5: 2015-2024 U.S. and Canadian Consumer Cost Changes versus BAU

2015-2024 Consumer Cost Changes ($ Billion)

With Keystone XL Without Keystone XL
Canada Total u.S. Canada Total
Option 1 $17.8 $5.0 $22.8 $37.6 $7.6 $45.2
Option 2 $16.6 $4.8 $21.4 $36.4 $7.5 $43.9
Option 3 $12.5 $1.9 $14.4 $16.4 $4.6 $21.0

Source: ICF modeling results

Note: This exhibit shows the higher cost of gasoline and petroleum products paid by U.S. and Canadian consumers over the period
2015 to 2024. These higher costs reflect higher world oil prices (due to lower U.S. and Canadian crude production), higher costs to
move petroleum products to rail-dependent consumer markets and the higher cost of moving ethanol to consumer markets.

The net effect on U.S. and Canadian gross domestic product (GDP) tends to be negative in that
gains in some sectors (i.e., rail car construction and retrofits, oil pipeline services, barging and
trucking) are offset by reductions in crude oil production and non-energy consumer goods.
Likewise the effect on employment tends to be negative over the entire period. Job gains in rail
car construction and retrofits are estimated to occur in the early years but are overtaken by job
losses when the higher transport costs and constraints are fully felt. The net U.S. and Canadian
GDP and job effects are shown in Exhibit 1-6 and Exhibit 1-7 for a multiplier effect of 1.3
(representing a tight economy with little slack) and a multiplier effect of 1.9 (representing a more
loose economy with available labor and capital that can accommodate economic expansion).
The net GDP impacts are mostly negative due to lost production of oil and reach $20.3 billion
per year in the peak year under the no-KXL scenario. Peak net job losses in U.S. and Canada
could be as high as 97,000 jobs in the no-KXL scenario and occur in oil production and non-
energy consumer goods.
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Exhibit 1-6: 2015-2024 U.S. and Canadian GDP Changes

2015-24 2015-24
Annual Avg Sum

2017 2018 2019 2020 2021 2022 2023 2024

Lower-Bound U.S. + Can. Oil GDP Changes ($ Million, multiplier effect=1.3)
With Keystone XL

Option 1 (%9) ($5676) ($2.537) ($2.818) ($2,947) ($2.864) ($2.658) ($2,725) ($2,787) ($2,773) ($2,279) ($22.794)
Option 2 (58) (5641) ($2.201) ($2.459) ($2.445) ($2.512) (52 .245) ($2.281) (52.322) ($2.324) (51,944) ($19.438)
Option 3 (520) ($99) ($1.132) ($1.788) ($1.715) ($1.501) ($1.528) ($1.543) ($1.559) ($1.577) ($1.246) ($12.462)
Option 1 ($10) (5621) ($2.512) ($3.534) | ($13.891) | (96.485) ($4.307) (54.047) ($4.172) ($4.181) ($4.376) ($43.760)
Option 2 (58) (558T) ($2.410) ($3.412) | ($12673) | ($5.956) ($4.126) ($3.857) ($3.995) ($4.017) (54.104) ($41.041)
Option 3 (520) ($59) ($1.391) ($1.989) ($1.949) ($2.040) ($1.794) ($1.838) ($1.878) ($1.853) ($1.481) ($14.811)
Case Upper-Bound U.S. + Can. Qil GDP Changes (million U.S. dollars per year, multiplier effect=1.9)

With Keystone XL

Option 1 ($13) ($988) ($3.708) (54.118) ($4.307) ($4.186) ($3.884) ($3.983) (54.074) ($4.052) ($3.331) ($33.313)
Option 2 ($12) ($937) ($3.217) ($3.594) ($3.573) ($3.672) (53.281) ($3.334) (53.394) ($3.397) (52.841) ($28.411)
Option 3 ($29) (5144) ($1.655) ($2.613) ($2,507) ($2,194) (52 .234) ($2,255) ($2,279) ($2.304) ($1.821) ($18.214)
Option 1 ($18) ($907) ($3.671) ($5.165) | ($20,303) | ($9.478) ($6.294) ($5.915) ($6.098) ($6.111) ($6.396) ($63.957)
Option 2 ($12) ($858) ($3.522) ($4.987) | ($18522) | ($8.705) ($6.030) (55,638) ($5,839) ($5.871) ($5.998) ($59.984)
Option 3 ($29) ($87) ($2.033) ($2.,906) ($2.848) ($2.981) ($2.621) ($2.686) ($2,745) ($2.708) ($2.164) (521.644)

Source: ICF modeling results

Exhibit 1-7: 2015-2024 U.S. and Canadian Employment Changes

2015 2016 2017 2018 2019 2020 M 2022 2023 2024 201524

or:-7-1 Annual Avg

Lower-Bound U.S. +Can. Qil Employment Changes (number of workers, multiplier effect=1.9)
With Keystone XL

Option 1 896 22,391 25924 10,223 (334) (10.916) (13.697) (16.338) (13.595) (16,122) (1,157)
Option 2 836 20489 25993 10,407 (637) (12,279) (11.363) (13.826) (11.001) (13.686) {50?]

Option 3 20,087 28226 15,759 (17.035) (10,825) (8,061) (10.426) (7.833) (9.504)

Option 1 22449 24571 (18.399) (87.372) (24,035) (26.372) (25.520) (22.916) (25.464) (18217)
Option 2 836 20,602 22911 (19.736) (79.990) (23,686) (27.983) (24 926) (22.172) (24.825) (17.897)
Option 3 676 19.816 25910 (693) 1.738 (10,021) (9.950) (12.562) (9.735) (12,344) (717)

Case Upper-Bound U.S. + Can. Qil Employment Changes (number of workers, multiplier effect=1.9)

With Keystone XL

Option 1 (63) (4.894) (18.386) (20.411) (21.260) (20,694) (19.110) (19.582) (20.020) (19.916) (16.434)
Option 2 (60) (4.655) (16,062) (17.928) (17.786) (18,258) (16.251) (16.506) (16.801) (16.811) (14.112)
Option 3 (139) (898) (8,662) (13.,280) (12,733) (11,256) (11.292) (11.398) (11.519) (11,637) (9,281)
Without Keystone XL

Option 1 (72) (4.513) (18.213) (25.,369) (97.032) (45.760) (30.527) (28.733) (29.606) (29.668) (30,949)
Option 2 (60) (4.281) (17.505) (24.529) (88.598) (42,100) (29.274) (27 419) (28.381) (28,532) (29.068)
Option 3 (139) (627) (10.452) (14.671) (14.351) (14,985) (13.128) (13.436) (13.725) (13.551) (10,907)

Source: ICF modeling results
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2 Introduction

U.S. tight oil production and Canadian oil sands production have fundamentally altered the
North American energy landscape, with new production sources creating demands for additional
infrastructure to connect these new supply sources with traditional demand markets. Key
production regions for tight oil include the Bakken in North Dakota and Montana, the Permian
Basin in Texas and New Mexico, the Eagle Ford in Texas, and the Niobrara in Colorado and
Wyoming, as shown in the exhibit below. Production from oil sands is concentrated in Alberta,
Canada.

Exhibit 2-1: Key Tight Oil and Wet Shale Gas Regions

] Williston Bakken

Powder River Niohrara

/ .Ti"
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Denver Miohrara

San Joaguin Kreyenhagen E" e
PFiceance Winbrara ps
) r Mississippian Limestone
-_._I' 1
San Juaguin Monterey Elq.'w.'!am!. =] |

b= “
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Ets, Woodlord Scoop
ks
i

Permian Tight il

Source: ICF

Note: Gray blocks in Oklahoma indicate overlapping plays.

While U.S. and Canadian crude oil production continues to grow at a rapid clip, the
infrastructure needed to connect these new supplies to traditional demand markets has lagged.
Pipelines historically transported imported crude from the Gulf Coast into the Midwest refiners.
As production from the Bakken region began to grow, takeaway capacity lagged. Pipelines
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moved some crude into the Midwest (reducing needs from the Gulf Coast); however, pipelines
have not been a viable option to either East Coast or West Coast refiners.

With East Coast refiners dependent upon light sweet crude, similar to Bakken, the economics to
supply the East Coast by rail became very favorable. As a result, rail transport of crude oil has
grown significantly as a feasible alternative to pipelines, which take significantly longer to permit
and construct.

However, a number of recent railcar derailments involving the transport of crude oil have led the
industry and the U.S. and Canadian governments to consider additional regulatory measures to
make the fleet of railcars transporting crude oil, ethanol and other flammables (i.e., Class 3
materials) more resilient to the impact of derailments. In particular, in August PHMSA proposed
regulations that would set requirements for high-hazard flammable trains (HHFTSs), which are
defined as trains with 20 or more Class 3 flammable liquid cars. Specifically, the proposed
regulations aim to*:

e Better classify mined liquids and gases, including additional sampling,
e Assess rail route risks,

e Establish protocols for notifying State Emergency Response Commissions (SERCs) or
similar state entities when trains carrying one million gallons of Bakken crude oil pass
through the state, and

¢ Require new cars and retrofitted railcars to meet specific safety requirements with a
compliance timetable set to have commodities identified as packing group 1, transported
in new or retrofitted railcars by October 1, 2017, packing group 2 by October 1, 2018,
and packing group 3 by October 1, 2020.

The PHMSA-proposed tank car safety specification regulations are identified in the exhibit
below. PHMSA proposed three levels of improved railcar standards, identified as options 1, 2,
and 3 below. The exhibit also identifies specifications currently in operation.

449 CFR § 171, 172, 173, et al. Hazardous Materials: Proposed Rules. Pp. 45017-20.
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Safety Feature

Bottom outlet
handle

Exhibit 2-2: Proposed PHMSA Tank Car Options
Proposed PHMSA Options

1: PHMSA/Federal
Railroad
Administration (FRA)
Designed Tank Cars

Handle
removed/designed to
prevent handle
operation during train
accident

2: Association of
American
Railroads (AAR)
2014 Tank Car

Handle
removed/designed
to prevent handle
operation during
train accident

3: Enhanced
Casualty
Prevention

Circular (CPC)

1232 Tank Car
Handle
removed/designed
to prevent handle
operation during
train accident

DOT 111A100W1
Specifications
(currently in
operation)

Handle optional

Gross rail load
(Ibs.)

286,000

286,000

286,000

263,000

Head shield type

Full-height, %2-inch
thick

Full-height, ¥%-inch
thick

Full-height, %2-inch
thick

Optional, bare
tanks half height,
jacketed tanks full
height

Pressure relief
valve

Reclosing device

Reclosing device

Reclosing device

Reclosing device

Shell thickness

9/16-inch minimum

9/16-inch minimum

7/16-inch minimum

7/16-inch
minimum

Jacket

11-gauge weather-tight
jacked minimum made
from A1011 steel or
equivalent

11-gauge weather-
tight jacked
minimum made from
A1011 steel or
equivalent

11-gauge weather-
tight jacked
minimum made
from A1011 steel or
equivalent

Jackets optional

Tank material

TC-128 Grade ,
normalized steel

TC-128 Grade ,
normalized steel

TC-128 Grade ,
normalized steel

TC-128 Grade ,
normalized steel

Top fittings
protection

Toxic inhalation hazard
(TIH) system, nozzle
capable of sustaining
rollover accident at 9
mph

Equipped per AAR
specifications
(appendix E,
paragraph 10.2.1)

Equipped per AAR
specifications
(appendix E,
paragraph 10.2.1

Not required, but
optionally
equipped per AAR
specifications
(appendix E,
paragraph 10.2.1

Thermal protection
system

In accordance with §
179.18

In accordance with
8§179.18

In accordance with
§179.18

Optional

Braking

Electronic controlled
pneumatic brakes
(ECP)

Distributed power
(DP) or two-way
end-of-train (EOT)
device

DP or EOT device

Not required

Source: 49 CFR § 171, 172, 173, et al. Hazardous Materials: Proposed Rules. Pp. 45018-19.

ICF Resources, LLC ("ICF", a subsidiary of ICF International) and its subcontractors,
Hellerworx, AllTranstek LLC, and FTR, were tasked with analyzing how possible changes to
specifications for the North American rail tank car fleet might affect the available capacity and
costs of crude oil rail transport and how those factors might, in turn, affect the economics of U.S.
and Canadian crude oil production, crude oil production levels and general economic measures
such as GDP and employment. In addition, Appendix D includes detailed tables on these
economic measures, as well as tax revenues.

These issues are examined under the overarching assumptions that U.S. regulations will require
all Canadian rail movements to meet the PHMSA proposed regulation due to the increasing
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number of cars that will be required to cross borders. In addition, the study assumes that,
despite the fact that the retrofit requirement would apply only to railcars used in trains with more
than 20 cars containing a flammable commaodity, all Class 3 railcars will need to be retrofitted.
The reason for this is that is unreasonable for a rail shipper to know with confidence that a
particular train will exceed the limit of railcars as a manifest train may pick up cars for shipment
at multiple locations.

Some of the other assumptions used in this study are identical to PHMSA assumptions
published with the proposed regulation — for example the initial railcar fleet for crude, ethanol
and other flammables. However, many other assumptions differ from those used by PHMSA
based on this study’s more robust analysis of petroleum, ethanol, and rail transportation trends,
costs and capacities. These assumptions used in the ICF analysis lead to a more constrained
market for tank car services under the proposed regulations. For example, based on industry
data and analysis performed by the ICF team, this analysis indicates that 1) the capacity to
retrofit railcars is significantly lower than the PHMSA assumptions; 2) the time and costs
required to retrofit the existing railcar fleet are greater than the PHMSA assumptions, and 3) the
demand for crude by rail service will be substantially higher than PHMSA'’s assumptions and
would be even higher if Keystone XL were to be denied.®

This study examines a humber of factors that influence the ability and cost to align the rail fleet
with PHMSA'’s proposed options as well as the Business As Usual® case. Factors integrated into
the analysis include:

e Outlook for crude production growth and crude by rail movement volumes for the U.S.
and Canada in the 2014-2024 period (“Study Period”) under both a scenario that
assumes KXL is approved (and operational in 2017) and a second scenario in which
KXL is denied and the demand for transporting crude by rail is higher.

o Estimates of ethanol and “other flammables” movements by rail over the study period.

o Estimates of average barrel movements per railcar per year for crude, ethanol and other
flammables.

e Anticipated retrofit and new-build costs, including actual cost of the new or retrofitted
cars to the PHMSA Option 1, 2 and 3 standards. This study used the Railway Supply
Institute’s (RSI) cost estimates for each individual retrofit component. Assumptions
related to the time needed to perform retrofits were developed by the ICF Team based
on inputs from RSI and various industry participants including shippers and rail car
maintenance shops.

5 ICF uses RSI's 7-2-2014 retrofit capacity estimate of 5,700 cars per year after a one year ramp-up, cost estimates —based on
PHMSA and RSI estimates of individual enhancements- that are 65% to 160% greater than PHMSA's, and estimates of rail car
demand which are roughly larger than PHMSA'’s by 20,000 railcars in 2015 to 40,000 railcars in 2020 (these figures would be
even larger if KXL was not constructed).

5 The “BAU” case assumes the same growth in demand for crude oil by rail (U.S. and Canada) and the same new build and retrofit
capacities and costs and fleet retirements as the option cases, but assumes new railcar demands are met by CPC 1232 jacketed
railcars.
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e Time required and the opportunity cost (lost revenue) to retrofit the cars — both out of
service time (origin to shop to origin), and shop capacity time.

e Impact of retrofit weight added on railcar volume capacity.

e Shop capacity constraints, using information from RSI in the model, augmented by a
detailed survey of rail repair shops by AllTranstek which estimated an even lower level of
capacity than RSI.

e Assessment of the base fleet normal retirement age based on data from RSI to forecast
normal fleet turnover.”

e Capacity and costs of alternative transport modes (such as pipeline, barge, truck, and/or
shutting in oil production) that could be used when tight timetables reduce the railcar
fleet qualified to move commodities under the proposed regulation. Also the impacts of
employing alternative transportation modes on the costs to deliver ethanol and other
flammables (including gasoline, diesel, jet and multiple petrochemical products and
feedstocks).

e Impact of potentially higher rail transport cost on the East Coast refiners who have
significantly increased their use of North American crudes and reduced dependence on
foreign oil in 2013 and 2014.

e Impact of potential increased transportation costs and railcar shortages on crude oll
production, petroleum markets, and costs to the economy.

These assumptions and the use of an ICF-developed model enable analysis of the ability and
cost of the rail industry to build and retrofit cars consistent with the proposed regulations in the
timeframe required for compliance with packing groups 1, 2, and 3 timetables.

This report presents the findings of this study by first presenting in Section 3 the Methodology
used to develop the railcar model and to determine the transportation and cost impacts of the
proposed regulation. Section 4 details the numerous assumptions used for demand, cost and
capacity data used in the analytical model and the rationale for those assumptions. Section 5
presents the results of the study in terms of U.S. and Canadian economic impacts, railcars
required to be scrapped or repurposed due to the limitations of the industry and the compliance
timetable, and the impact on crude and other Class 3 commaodities transport ability. Section 6
presents conclusions. Section 7 includes several appendices.

7 Barken, Chris; Rapik Saat; Xiang Liu; and Todd Treichel. "Class 111 Tank Car Fleet Analysis." Slides 11, 13, 15, and 16. Railtec,
the University of Illinois at Urbana-Champaign, 15 October 2013: Urbana, IL.
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3 Study Methodology

3.1 Study Steps

This study assessed three PHMSA railcar safety regulations, relative to a Business As Usual
(BAU) case, including cases with and without the Keystone XL Pipeline. The time horizon
assumed was between 2014 and 2024, with impacts starting in 2017, the first year regulations
take effect. The study was undertaken in the following tasks:

3.1.1 Task 1: Preparation of Data Needed for Transportation Model Development

The first task included preparation of initial information needed to estimate compliance costs
and effects on railtransport capacity for crude, ethanol and other flammables under three
regulatory scenarios:

e A business as usual (BAU) scenario

e PHMSA Proposed Option 1 railcar standard
e PHMSA Proposed Option 2 railcar standard
e PHMSA Proposed Option 3 railcar standard

The key elements deemed critical for the analysis of the BAU and proposed PHMSA
Options included the following:

1. Translating each proposed standard into specific tank car design characteristics. ICF
developed a spreadsheet wherein each row is a design characteristic and each
column is a proposed standard. The spreadsheet indicated in each cell whether that
characteristic is required under the appropriate standard.

2. Reviewing Umler, RSVARCI, FTR and other railcar databases to estimate existing
tank car fleet characteristics (numbers, tank car design, and age profile) in the U.S.
and Canada. There was considerable variation in the numbers due to when the
information was collected, as well as what was considered a “crude” car (i.e.,
whether or not railcars were consistently or occasionally used in crude service). The
clearest data point appeared to be the RSI estimates included as Table TC-4 in the
PHMSA RIA® which were updated as late as June 18, 2014. These fleet inventories
were used in the ICF analysis. Information on tank car design, fleet age etc. was also
used to help assess retrofit requirements and normal retirement.

3. Determining whether and how the design characteristics called for by the proposed
standard could be retrofitted to meet the proposed PHMSA standards and the costs
and constraints to doing so. This work included:

a. Characterizing the scope and costs of possible retrofit requirements

* Scope of possible retrofit requirements

8 RSI presentation at the NTSB rail safety forum April 22, 2014, update provided on June 18, 2014.
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» Cost of each component (e.qg., Full Height Head Shields, etc.)

» Differences in designs of existing fleet (some newer railcars may require
less retrofitting, for example)

» Projected total retrofit costs by railcar type.

» Projected timing to complete retrofit by item (or groupings of items) by car
type. This includes estimates of actual shop time to do the work as well as
the time from the origin location to the repair shop, cleaning time, qualification
time, shop time and then return to the origin point (i.e., time out of service).

b. Assessing the type of tank car facility capability needed

* Oven for complete car stress relieving

e Ability to jacket a complete car

* Ability to produce full height head shields (or truck in)
« Steel - supply (jackets, head shields, tank material)

c. Estimating industry capacities

* New car production capacity - existing and possible future additions

« Retrofit capacity - existing and possible future additions

« Type of facilities required for retrofit/ remanufacturing

* Industry tank car repair shop capacity considerations — increasing
demand for requalification for all tank cars, general repair demand,
coating/linings, qualified labor

d. Assessing supply chain constraints

» Facilities, capabilities, labor, steel, materials, railcar components, tank car
components, valves, coating/linings, castings
¢ Lead times/cycle times

e. Estimating impacts on car capacities

« Effects on railcar volume capacity of new specification requirements for
retrofits
* Additional weight needed for compliance and impact on capacity
« Use of 286,000 pound bearing trucks versus 263,000 pound trucks

f. Characterizing decision process for compliance

« Economic and financial considerations to owners based on available
options
* Repurpose versus retrofit versus scrap
e Economic and risk management considerations

g. Other considerations

¢ Alternative markets for existing cars (i.e., non-ethanol/crude)
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4. Estimating current and future fleet utilization over the next 10 years (i.e., demand for
tank car capacity based on estimated additional crude and other commodity movements
by rail in each future year).

a. Oil production trends were taken from the ICF forecast as presented in our crude
oil export study for API.° Assumptions for cross-border and large intra-U.S.
pipelines were taken from that study or based on more recent announcements of
pipeline projects. Assumptions of incremental crude movements by rail were
based on 2013 actual movements in the U.S. (primarily sourced from the
Bakken) and estimated forward based on anticipated additional rail unloading
facilities planned on the East and West Coasts. Canadian crude by rail
forecast was derived from the 2014 CAPP crude by rail study. (The
assumptions and analysis are detailed in Section 4.)

b. Ethanol and other flammable volumes are assumed similar to volumes identified
in the 2012 AAR Class 3 Volume Analysis. The rationale is that gasoline demand
is flat and ethanol is linked at a 10% blend. Other flammable demands are also
deemed flat versus 2012. If growth had been assumed for both ethanol and other
flammables, the study results would have shown higher costs and greater railcar
shortages. The 2012 rail volumes were 597,000 bpd of ethanol and 591,000 bpd
other flammables.°

3.1.2 Task 2: Construct Railcar Balance Model

The Railcar Balance Model is a linear programming (LP) model that simulates how the Class 3
rail tank car inventory in the U.S. and Canada will be operated and modified through the year
2024 on a Business as Usual basis and under the proposed PHMSA regulations . See Appendix
C for snapshots of the model setup. Within the model, the market for Class 3 rail transport
services is divided into the following commodity submarkets:

1. Crude Oil Packing Group 1

2. Crude Dilbit Packing Group 2

3. Crude Railbit Packing Group 2

4. Ethanol Packing Group 2

5. Other Flammable Liquids Packing Group 2
The demand for rail services is an exogenous input into the model and is specified in terms of
barrels of each of the six commaodities that must be transported each year and the “efficiency” of

transportation in terms of the barrels per year that a “standard size” railcar could transport of
that commodity (see Section 4). The “standard size” car is defined as having a 30,000 gallon

% ICF International. “The Impacts of U.S. Crude Oil Exports on Domestic Crude Production, GDP, Employment, Trade, and
Consumer Costs,” Section 3.3. The American Petroleum Institute (API), 31 March 2014: Washington, D.C. Available at:
http://www.api.org/~/media/Files/Policy/LNG-Exports/LNG-primer/API-Crude-Exports-Study-by-ICF-3-31-2014. pdf

10 Derived from pp. 5-7 from Association of American Railroads (AAR) Bureau of Explosives. “Annual Report of Non-accident
Releases of Hazardous Materials Transported by Rail.” AAR, 2012. Available
at: http://www.nar.aar.com/index 21 1824751116.pdf
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nominal capacity which would be filled (if weight limits were not binding) to 99% of nominal
capacity or 29,700 gallons.

The inventory of existing and new tank cars is divided into the following six tank car types:
1. CPC 1232 Bare (i.e., unjacketed)
2. CPC 1232 Jacketed

3. 1MM or 3MM Non-CPC Bare (i.e., cars with recertification thresholds of 1 or 3 million
miles)

4. 1MM Non-CPC Jacketed

5. pre-1MM Bare Crude (the oldest category with less than 1 million mile recertification
thresholds)

6. New Standard New Builds (cars that would be built to comply with one of the three
options for new PHMSA standards).

The Railcar Balance Model seeks to find the least-cost solution for satisfying the increasing
demand for rail transport services for the five-commodity submarket subject to a variety of
constraints. The decision variables that comprise the solution in the model include (for each
year from 2015 to 2024):

¢ Build new tank cars
e Retrofit old tank cars
e Use alternative (non-rail) transportation options, or

¢ Do not produce the commodity.

The objective function that is minimized by the model is the sum of the present value of all
annualized costs including the costs of retrofitting cars (described below), net cost of building
new cars (described below), the cost of using alternative modes of transportation in the event
insufficient numbers of qualified cars are available, and the opportunity cost of shutting in
production. The cost of new and retrofitted tank cars are “annualized” or spread out over the
remaining lives of the cars so that decisions that lead to different periods of service (e.g.,
building a new car with a 35-year life versus retrofitting an old car with a remaining 20-year life)
can be properly compared to each other. When cars are retrofitted, the lost revenues during the
time out of service are treated as a cost. When existing cars are prematurely replaced by new
cars, the value of the re-purposed or scrapped car is treated as revenue that offsets part of the
cost of the new tank car and produces the “net” cost of the new car.

For each commodity submarket, the model tries to solve for the number of tank cars to be
retrofitted and newly built such that the tank car capacity is sufficient to move the targeted
barrels of commodity given the expected railcar efficiency.! If there is a gap between demand
for railcars and supply of railcars (available inventory, retrofitted cars, and newly built cars), that

11 Also accounted for is that car type must match commaodity (e.g., heating coils or jackets for cars hauling railbit).
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gap can be filled by alternative methods of transportation including pipeline, barge & truck, and
truck. In extreme situations when there are insufficient compliant railcars and alternative
transportation modes are used to their assumed capacities, reduced production of crude oil or
other commaodities may be required to balance the market. The model calculates the volumes of
commodities that use alternative transportation modes or are shut in terms of annual barrels
and also in terms of equivalent number “shortage cars.” Cost assumption details are in

Section 4).

As with all LP models, the Railcar Balance Model’s solution is affect by a number of
constraints. The key constraints are as follows:

o Within each submarket and year the available tank car capacity (including “shortage
cars”) must be equal to or greater than demand. (These are called the “market balance”
constraints.)

e New car builds in each year must be equal to or less than new car construction capacity.

e Total shop days used for retrofits must be equal to or less than the annual estimated
industry capacity to retrofit railcars.

¢ Retrofits of cars within each tank car type category over the ten-year forecast must be
equal to or less than the beginning inventory of those cars (includes backlogged new
cars now on order) less normal retirements expected in that period.

e The annual use of alternative transportation options within each commodity submarket
must be equal to or less than the assumed capacity by option (e.g., pipeline, truck &
barge, truck only).

e For the years 2015 and 2016, minimum new builds reflect our estimates of order
backlogs based on documents from RSI and ICF analysis of industry sources.*?

3.1.3 Task 3: Perform Model Cases to Assess Impact of PHMSA Proposal versus BAU
Case

Using the data prepared in Task 1 and the model developed in Task 2, scenarios were studied
with the model to identify the transportation cost impacts of PHMSA'’s proposed Standards
(Options 1, 2 and 3) versus a Business as Usual case. These cases were performed using
volume by rail demands for crude, ethanol, and other flammables over the study period as
referenced in Task 1 and detailed in Task 4 (Assumptions) for cases with and without approval
of Keystone XL. Model outputs included:

1. Estimated tank car retirements, retrofits, and new builds (in terms of tank car number
and barrel volumes) under each regulatory scenario over the next 10 years.

2. Estimated incremental costs for retrofitted and new tank cars in terms of $/car and how
those capital costs translate into higher $/car/month lease rates (or equivalent monthly

12 Railway Supply Institute (RSI). “Workshop on Trends in Sources of Crude Oil,” slide 9. California Energy Commission (CEC), 25
June 2014.
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ownership costs). We considered whether and how out-of-service times for cars being
retrofitted might impact lease rates.

3. Using out-of-service times we developed under Step 3, the average retrofit time per tank
car (for each category of tank car) and total annual capacity losses due to time out-of-
service for retrofits for each standard was determined.

4. Then, taking into account existing fleet, retirements, retrofits, new builds and out-of-
service times for each regulatory scenario, the model estimated railcar capacity for each
of the next ten years.

5. The estimated deficiency (if any) between the forecasted demand for railcars (see Task
4, Bullet 1) and the estimated railcar capacity under each regulatory scenario was
determined by the model.

6. Any shortage in railcar availability to meet forecasted movement demand was “costed” in
the model based on possible alternative options for each of the commodities to reach
market. These assumptions, detailed in Section 4, included possible use of pipelines,
barge or truck for crude oil and truck movement for ethanol and other flammables. The
model also provided a cost to shut in crude production if no other feasible option was
available.

The model output consisted of an assessment of costs versus the BAU case, plus identification
of the number of railcars that needed to be scrapped or repurposed, new and retrofitted railcar
production for each year and shortages of railcars and estimated volumes of crude, ethanol, and
other flammables which would require alternative modes of movement due to shortages. These
results summarized the direct transportation cost impacts of the regulations. These impacts will
also have an effect on the overall economy, which is developed in Task 4 below.

3.1.4 Task 4: Economic Impact Assessment of Proposed PHMSA Standard vs. BAU

The purpose of this task was to estimate the oil market and general economic consequences of
the rail tank car cost increases and any capacity shortfalls estimated in Task 3 for the PHMSA
proposed standards. The oil market consequences include higher crude transport costs, lower
U.S. and Canadian crude oil production (higher transport costs lead to lower netback wellhead
costs), higher world crude costs due to lower North American production, higher transport cost
for ethanol and petroleum products, and higher petroleum product costs for consumers. These
oil market changes, together with reduced spending on consumer goods (caused by higher
costs for petroleum products) then lead to various impacts on U.S. GDP, jobs and tax revenues.
The work to estimate these economic impacts was done in the following steps:

e Using its proprietary oil market models, ICF estimated how the changes in transport cost
computed in Task 3, would impact U.S. and Canadian wellhead costs and production
levels. This process included iterating a simple model of the world oil market to capture
the feedback between lower North American oil production and world oil costs. The
higher transport costs and bottlenecks caused by the proposed PHMSA regulations
reduce North American wellhead oil costs in basins where rail is used as a marginal
transport mode (Bakken, Niobrara, and western Canada) which then reduces production
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levels. The reduced North American production levels then raise world crude costs,
which causes a partial rebound in wellhead costs. The overall impact after iterating to a
solution on cost effects is slightly higher world crude costs but lower North American
wellhead crude costs and production levels in basins that rely on rail.

e Put annual changes in U.S. direct industry outputs related to oil well drilling, oil well
operating expenses, tank car construction and retrofit, non-rail transport services and
consumer spending caused by the proposed PMSHA standard into an economic impact
model based on the IMPLAN input/output model. This framework is similar to that used
by ICF for API crude oil export study.'® The study computes how changes in outputs by
sector (direct impacts) track through the economy to affect other sectors and the
economy as a whole (indirect and induced impacts).

This study assessed a number of specific direct output changes associated with the PHMSA
cases relative to the Bus