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1. TheDecember 17, 2012 supplemental application (“ Supplemental
Application”) statesthat coal from the Otter Creek mine could move east or
west for domestic use or export, including export to Asia. See RowlandsVS
at 4. Please provide more specific information about the potential market
locations for the coal that would be transported from the minesidentified in
the Supplemental Application viathe Tongue River Railroad. If TRRC does
not have thisinformation, OEA requests a detailed explanation of why this
information cannot be supplied.

Response: TRRC does not have specific information about the markets to which
the coal that it would transport would be destined. The coal that TRRC expects to
transport will originate at the Otter Creek mine, which is owned by a subsidiary of Arch
Coadl, Inc., aswell as from minesthat TRRC anticipates could be developed at other
points in the Ashland area where there are known reserves of coal. Coal from the Otter
Creek mine will not available for sale for at least several more years, perhaps 2017 at the
earliest. Thistakesinto account thetimeit will take, following permitting, to develop the
mine, obtain the required land rights for the rail line, and construct the railroad (a process
which will take about 20 months spread out over three years assuming eight month
construction seasons). Given the variety of factorsthat can influence the timeline (e.g.,
weather-spawned development or construction delays, market volatility) and the fact that
coal will not be available for sale for at |east several years, predictions as to exactly
where that coal will be sold and shipped cannot be made at thistime.

The Otter Creek mineis accordingly being developed on the basis that there will
be a market for the coal mined there, but without any specific domestic or foreign
purchasers for the coal identified at this early stage. There are no contractsin place to
purchase the coal and Arch is neither actively marketing the coal to be produced at Otter
Creek nor able to do so given the long lead time until the mine and railroad are
developed. AsTRRC stated in its Application, destination markets will be determined by
the market forces in play at the time when the coal is mined. Nonetheless, as stated in the
Application and explained further below, there is ample reason to believe that there will
be market for the coal once it becomes available for transport.

Thelevel of uncertainty as to identification of specific destinations for coa that
TRRC would transport is even greater with respect to coal mined at other mines that
could be developed in the Ashland area. At thistime, there are no proposals to develop
such mines or mine permits pending. While TRRC believesthat it islikely that at some
point other mines in the areawill be devel oped to exploit the significant resource located
there, identifying where the coal from those anticipated mines will be transported is
speculative at this time because the timelines for such other mines to begin production are
even longer than for the Otter Creek mine.

For the above reasons, TRRC cannot offer more detailed information on the
location of specific markets for the coal it will transport. However, historical information
is available on where Montana coa has found amarket. The table attached at Exhibit 1,
which is compiled from U.S. Energy Information Administration data, shows for each



year between 2007 and 2012, the largest percentage of Montana coal has been used for
electricity generation within the state, with the next largest volumes being transported to
electric utilities in Michigan, Minnesota, and Washington. Smaller volumes have been
transported to primarily Midwest and Northern Plains states, and to Arizona. (The 2012
data shown on the Table is not complete at thistime.)

Thetable at Exhibit 2, also compiled from EIA data, identifies the specific
utilities to which Montana coal has been transported between 2007 and 2012. These
utilities include Xcel Energy, DTE Energy (Detroit Edison), Allete Inc. (Minnesota
Power); CMS Energy and Wisconsin Energy, among others. Arch anticipates that these
same utilitiesin the Upper Midwest states will remain the largest potential domestic
customers for the Otter Creek coal, as well as the Centralia units in Washington, one of
which is scheduled to remain operational through 2025.

The July 12, 2006 study, entitled “ Otter Creek Property Summary Report”,
prepared by Norwest Corporation for the Montana Land Board in advance of that Board's
decision to lease the Otter Creek coal tracts to an affiliate of Arch is attached as Exhibit
3. Chapter 4 of the Report discusses the potential market for the Otter Creek coal. Table
4-1 identifies the specific plantsin the Upper Midwest and Washington that currently
purchase coal from Montana mines at Spring Creek, Decker and Rosebud. The Report is
consistent with Arch’s view that these plants are potential customers for Otter Creek coal.
The same plants are likewise potential customers for coal mined at other Ashland area
mines that are developed.

Otter Creek coal islocated relatively close to the surface and has alow ratio of
coal to overburden, versus generally higher strip ratios at other Montana mines. See
comparison of PRB mine strip ratios set forth at Exhibit 4. This means that the coal can
be mined efficiently and at alower cost than at the other Montana mines with which Otter
Creek coal would compete, which will make that coal more competitive.

In addition to the above domestic market opportunities, there is also an export
market for Montana coal. Thisisdiscussed in the Application and in TRRC’ s January
28, 2013 Reply to the Petition to Revoke filed by NPRC. According to EIA’s most
recent statistics, in 2011, over 13 million tons of Montana coal were exported. This
compares to over 25 million tons distributed domestically. See EIA report at Exhibit 5.
The exported coal includes afew million tons of coal exported to Canadafor usein
generating electricity.

Some of the TRRC-transported coal could be exported to Europe through the
Midwest Energy Resources Company facility at Superior, WI, from which Montana coal
is currently shipped via Great Lakes and ocean vessels to Europe. The largest marketsin
Europe are the UK and Spain.

Some other portion of the TRRC-transported coal could be exported to Asiavia
the Westshore Terminals south of VVancouver, BC, viawhich Montana coal is currently
exported. The coal might also be exported through facilities proposed to be constructed



in the State of Washington were such facilitiesto be developed. However, as noted in
TRRC’s Reply to the Petition to Revoke, it isfar from certain that these planned
facilities, now in the permitting phase, will be constructed, and markets exist for Otter
Creek coal regardless of whether the plans for those facilities ever come to fruition. The
volume of TRRC-transported coal that could be exported to Asiawill in part turn on the
availability of additional export capacity and thus relatively lesser amounts of coal will
be exported to Asiain the event that these facilities are not devel oped.

To the extent that TRRC-transported coal were exported to Asia, the most likely
recipient nations include South Korea, Japan, and China. See Census Bureau data at
Exhibit 6. South Koreaisamore likely potential destination than other Asian nations due
to relative geographic proximity to the North American west coast, which trandates to
lower ocean transport costs.

The contention that many parties have made in their scoping comments that all of
the Otter Creek coal will be exported to Chinais not supported by any facts. Arch has no
contracts and no fixed plans to ship any of the Otter Creek coal to China. Whether itis
exported to Chinaat al is very much an open question given the historically greater use
of Montana coal for domestic electricity generation than for export and market forces that
could dictate a greater demand for the coal for domestic use and/or for export to nations
other than China. According to Census and EIA data, South Korea ranks well ahead of
Chinain terms of itsimport from the United States of thermal or steam coal, the type of
coal exported from the PRB. See Exhibits6 and 7.

It is not possible to accurately predict what percentage of the TRRC-transported
coa would be consumed domestically versus exported, and which nations would likely
receive coal that is exported, this many years in advance of any production from the Otter
Creek/Ashland area. Multiple factorswill dictate whether coal will be exported at all
and, if so, where it will be exported. These factors include the following: the cost of
competitive fuel, and in particular natural gas; regulatory devel opments that could
influence the ability of domestic and foreign utilities to use coal versus other fuels; and
technological advancesin the use of coal, which include the further development of
carbon capture technologies, and the commercial development of coal to liquid and coal
to gas conversion facilities. Montana coal’ s attractiveness to the domestic market will
also be influenced by the availability of coal at competitive prices from other coal
producing areasin the United States. In thisregard, it bears note that EIA forecasts
growing domestic use of coal as an energy resource beginning after 2016 and growth
over current usage levels by several quadrillion Btu's by 2035. See page 11 of EIA,
Annual Energy Outlook Early Release 2013, attached at Exhibit 8. Thus, predictions that
there will belittle or no domestic market for Otter Creek coal in the future do not
comport with the opinions of unbiased market observers and analysts.

For that coal which may be exported, factors that would influence the specific
destination of any coal would include the following: the cost of available competitive
fuel (e.g., codl is currently attractive in Europe due to the high cost of natural gas there);



the cost of ocean and other transportation and the availability of export and import
facilities.

Finally, the variability of the above factors over time, and the general dynamism of
energy markets, suggests that over the life of the Otter Creek mine the percentage of the
coal used domestically versus the percentage exported will vary.

2. The Supplemental Application statesthat Otter Creek coal may find markets
overseasthrough U.S. portsalong the Atlantic, Pacific, Great Lakes or Gulf
Coasts. See Supplemental Application at 20. Please provide information
about any potential plansto transport Otter Creek coal through U.S. portsin
these locations.

See response to question 1. Generally, to the extent that the coal is exported, transit
distance within the United States suggests that it is more likely to be exported through
Great Lakes and Pacific ports than Gulf Coast or Atlantic ports, should Great L akes and
Pacific ports have available capacity. At this point, however, there are no specific plans
to export any of the coal for the reasons discussed in response to question 1.

3. Please provide any information about potential shipperswith whom Arch
Coal has negotiated or signed contractsto ship Powder River Basin (PRB)
coal from the Northern PRB on the Tongue River Railroad.

As noted above, to TRRC’ s knowledge, no contracts have been negotiated or signed
to date.

4. Pleaseprovidejustification for construction and operation of the Montco
Mine spur to Terminus Point #1 (including infor mation about the Montco
mineitself and other minesin the vicinity that might potentially be served by
the spur in thefuture).

TRRC is aware that there are reserves of coal in the Ashland area, including coal on
the Northern Cheyenne Reservation and at the area formerly designated for mining
known as the Montco Mine. The Application thus seeks authority to construct a portion
of the TRRC line (referred to in the Application as the Montco Mine Spur) to serve this
coal resource.

While precise information on the amount of marketable coal in that arearemains
under review, the reserves are known to be substantial. Based on that knowledge and the
reasonable assumption that coal developers may emerge to develop one or more minesin
the area that would be served by Terminus Point #1, TRRC believes that thereis an
economic justification for the Montco Mine spur and that authorization of that portion of
the TRRC lineisin the public interest and would advance a sound transportation system.

In addition, authorizing the Montco Mine spur in this proceeding would be most
efficient from TRRC’ s perspective and that of the STB and other permitting agencies.



Doing so would allow the environmental review and transportation merits assessments to
be accomplished at the same time as the review of the portion of the line that would serve
the Otter Creek mine, thereby saving significant time and resources that otherwise would
be required were permitting of the Montco Mine spur to be delayed.

5. The Supplemental Application states that 3.7 trains per day would travel on
the Tongue River Railroad. Because this number represents the average
number of trains per day, please provide the maximum number of trains per
day that could potentially travel on the Tongue River Railroad in the
reasonably foreseeable future if the line is approved and constructed.

As discussed in TRRC’s Reply to Petition to Revoke, the predicted 3.7 average
number of loaded trains per day was based on the assumption that the Otter Creek mine
will reach its anticipated maximum production level of 20 million tons of coal per year.
This is a simple average based on the capacity of a unit coal train and this maximum
production level. (20 million tons/year divided by 125 cars/train times 365 days/year) =
3.65 trains/day, which was rounded up to 3.7 trains/day in the Application.)

Many factors on the rail network can cause more or less trains to traverse the line
on a given day. These factors include track maintenance, service interruptions caused by
derailments, weather or other issues; the level of any delays in loading rail cars at the
mine or delays at destination.

The maximum number of trains/day that could use the line were no siding built on
the TRRC line is between 3 and 4 loaded trains and approximately 7 to 8 total (loaded
and empty) trains/day. Were an 8500 foot siding built on the TRRC line (as the
Application notes is possible were traffic levels to demand the need for a siding) the
maximum number of trains/day that could be transported would be about 5 loaded
trains/day or a total of about 10 loaded and empty trains/day.



EXHIBIT 1

Montana Coal Transations by State
Data Source: ABB Velocity Suite (EIA Form 923 -Power Plant Operations: OMB 1905-0129)

2007 2008 2010 2011

2009

MT 10,724 11,405 8,954 10,952 9,165 6,978 58,178
Mi 10,141 9,705 9,397 9,648 9,044 6,964 54,900
MN 11,722 11,524 9,725 8,456 7,217 3,346 51,990
WA 5,184 4,120 2,586 2,504 2,436 1,358 18,189
IN 1,647 1,571 794 167 212 4,391
AZ 599 720 533 683 659 707 3,902
ND 752 802 724 747 752 3,777
wi 657 562 501 535 438 791 3,485
OH 56 130 387 1,241 370 221 2,404
PA 130 195 218 181 724
wv 277 232 68 1 578
NY 260 198 458
OR 28 152 108 289
1A 29 44 74
SD 55 55
Co 50 50
LD, 28 (V] 28

oK 13 14




Montana Ceal Transations by Holding Company

Data Source: ABB Velocity Suite {EIA Form 923 -Power Plant Operations: OMB 1905-0129)
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EXECUTIVE SUMMARY

Norwest Corporation (Norwest) was contracted by Great Northern
Properties L.P. (GNP) to analyze and interpret existing data
regarding coal properties controlled by GNP and the State of
Montana, collectively referred to as the Otter Creek Property. The
Otter Creek Property covers a large area within Powder River and
Rosebud counties, Montana. The tract trends north to south and
encompasses over 100 square miles of land.

The overall project objectives consisted of updating the geologic
model and resource estimates, identifying specific logical mining
units (LMUs), preparing documents that describe each LMU in
terms of geology, available resources, coal quality, mineability,
strip ratio and range of expected mining costs. An additional
objective of this study was to assess the vertical variation of
sodium in the Knoblock Seam and to assess the opportunity for
selective mining in order to minimize variations in coal quality.

The Otter Creek Property is located in the Ashland coalfield east of
Billings, Montana. The Otter Creek Property is located in Rosebud
and Powder River Counties, Montana. The general location of the
property is shown on Figure E.1.

GNP coal resources are located within the boundaries of the Custer
National Forest and comprise alternating sections of property held
in fee by GNP and public domain property held by the State of
Montana,

The coal resources of the Otter Creek Property have been the
subject of several investigations starting in the mid 1970°s. This
has resulted in numerous data sets developed by several corporate
and government entities.

NORWEST 3187 — OTTER CREEK PROPERTY
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The geologic data collected during the various programs amounted
to more than 460 drill holes — these were utilized to characterize
this resource.

The quantity of drilling that has been completed on the Otter Creek
Property is sufficient to reasonably estimate overall coal tonnages
in most areas within the property. The overall in-place resources
are estimated at about 4.3 billion tons,

The coal averages 8,500 to 8,600 BTU/Ib on an as-received basis.
The high moisture content, which averages 27.5% to 28.0%, is
fairly typical of Powder River Basin coals. The sulfur content of
the coal is very low and with few exceptions the coal is classified
as compliance coal, producing less than 1.2 pounds of SO»/million
BTU. The ash content of the coal is also low. The sodium content
of the ash is considered high and averages between 6.0 and 7.0
percent.

Mine planning indicated the six discrete LMUs which are
summarized in the table below.

Table E.1 LMU Summaries

Recoverable Moisture % Ash % Sulfur % Btu/lb Sodinm in Ash %
LMU | Tons (millions) | (As-received) | (Dry Basis) (Dry Basis) (Dry Basis) (Dry Basis)

1 346 28.6 6.9 0.3 11,940 6.8-6.9
2 556 28.2 7.8-8.6 0.3-04 11,800-11,900 5.7-6.4
3 241 243 6.8 0.3 12,000 8.8

4 266 274 6.8 03 11,700-12,000 7.0-7.9
5 901 28.4 7.0-8.5 0.3 11,800-12,000 6.4-7.1
6 507 28.7 7.2-8.3 0.3 12,600 8.7-8.3

The coal quality data was analyzed to identify vertical variability
within each major bench of the Knoblock seam. This indicated the
following:

* An inverse relationship exists where the sodium content of the
coal ash generally increases as the ash content decreases.

¢ Sulfur content however, is elevated in the top portion of the
Upper Knoblock seam.

¢ Ash content is the highest in the top portions of all o
benches.

* The Upper Knoblock Seam is generally slightly lower in ash
content and higher in Sodium Oxide than the lower portions of
the Knoblock Seam.

the coal
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Coal quality control programs and blending will likely be required
during mining operations in order to maintain consistent product

quality.

All LMUs are amenable to surface mining using draglines and
truck-shovel fleets for overburden removal. These techniques are
used at other mines in the region including Absaloka, Decker,
Rosebud, and Spring Creek Mines. The smaller LMUs will require
70 to 80 cubic yard (CY) capacity draglines while the larger LMUSs
will need 110 to 120 CY draglines. The combined LMUs will
require two draglines. For LMUs 1 through 4, the truck-shovel
fleet will consist of 25 to 30 CY hydraulic excavators or shovels
and 190 to 240 ton trucks.

When it is necessary to meet the customer’s coal specifications, if
may be possible to selectively mine the coal to improve the coal
quality. The selective mining process removes zones within each
seam that are usually higher in sulfur or sodium thereby resulting
in a higher quality product.

The following table lists the production rates selected for the
LMUs:

Table E.2 Production Rate by LMU

LMU Yearly Production Rate (Tons)
1 8,500,000
2 12,700,000
3 6,000,000
4 6,000,000
3 21,200,000
6 12,000,000

Norwest developed an indicative mining cost estimate’ for each
LMU based on unit mining costs derived from actual and projected
mining costs from mines having similar mining conditions. The
average life-of-mine costs for the six LMU range from $6.69 per

~ ton to §7.65 per ton. We also developed scoping capital costs for

each LMU,

Montana coal, the Northern PRB, is noted for its heating value that
is higher than most of the Southern PRE mines, its varying sulfur
levels and its higher sodium levels. The sodium content of Otter

Norwest recommends that additional engineering be performed to further refine the operating (and capital)
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Creek coal ranges from 5.8% to 8.8% and is high in comparison to
other coals in the western US. but about the same as other Montana
PRB mines. For example: coals from the southern Powder River
Basin of Wyoming typically average 1.2% sodium while currently
produced coals from Colorado average about 2.5% sodium.
Sodium in ash can cause slagging problems in certain types of
boilers in electric generating plants. As a result, most plants avoid
burning high sodium coals. However, we have identified ten power
plants within the competitive area for Otter Creek which currently
accept higher sodium coals. These plants would likely constitute
the initial target market for Otter Creek coals. The information and
data used to assess the marketing is derived from FERC data. It is,
from our experience, the best data available but not much audited
for accuracy of reporting nor input into their database and perhaps
even suspect. Nevertheless, we were able to estimate current FOB
prices for coal similar to Otter Creek.

It should be noted that the volume of coal shipped from Montana
to the high sodium-accepting power plants is only about 20 million
tons per year. Careful effort developing a solid market strategy will
be necessary to determine how best to nudge into this market
without destroying whatever price discipline, if any, currently
exists. All Montana mines have been operating for many years and
are experiencing higher stripping ratios in the range of 3-4:1 at
Spring Creek, climbing up to 9:1 and higher at Decker. These
higher strip ratios put these mines at a disadvantage with respect to
Otter Creek’s projected operating costs, as they each must move
more waste to uncover the same amount of coal as at Otter Creek.
This higher cost, however, will be offset by Otter Creek’s higher
capital recovery / depreciation costs,

At present there are no established transportation links to the Otter
Creek property. We assessed the options of rail and truck
transportation to the rail spur to the line at Colstrip, located about
38 rail miles distant. From Colstrip the trains would continue on to
their final destination. While the rail option has a higher initial
capital, this is offset in only a few years by the reduced
transportation costs. Therefore, we recommend the rail alternative,
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INTRODUCTION AND OBJECTIVES

Great Northern Properties L.P. (GNP) has contracted Norwest
Corporation (Norwest) to analyze and interpret existing data
regarding coal properties controlled by GNP and the State of
Montana, collectively referred to as the Otter Creek Property. The
Otter Creek Property covers a very large area within Powder River
and Rosebud counties, Montana. The tract trends north to south
and encompasses over 100 square miles of land.

The overall project objectives consisted of updating the geologic
model and resource estimates, identifying specific LMU’s, and to
prepare documents that describe each LMU in terms of geology,
available resources, coal quality, mineability, strip ratio and range
of expected mining costs. An additional objective of this study was
to assess the vertical variation of sodium in the Knoblock Seam
and to assess the opportunity for selective mining in order to
minimize variations in coal quality.

As part of this study, Norwest was required to build independent
geologic and coal quality models. The key geologic components

and tasks associated with preparing the models and satisfying the
objectives of the study were established as follows:

e Prepare and merge two separate drill hole databases into one
consolidated stratigraphic and coal quality database.

e Construct correlation charts to ensure that the merged data sets
conform to the same stratigraphic nomenclature and that seam
correlations were correctly identified.

» Prepare digital surfaces of the seam structure, thickness and
basic coal quality parameters.

e Upon completion of the digital surfaces, prepare maps locating
the position of the seam outcrop, subcrop and weathered
surfaces.

e (reate a geologic model of the coal resource area and calculate
the coal tonnage and overburden volumes of the in-place
resource.

¢ Idenufy the quality distribution of the coal both laterally and
vertically within the seams.

¢ Assist with identifying LMU’s that could be developed within
the property.
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This report summarizes the geologic modeling, resource estimates
and coal quality characteristics. This information will form the
basis of future LMU delineation and mineability studies.
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LOCATION,
TOPOGRAFPHY
AND LAND USE

DATA AND
METHODOLOGY

GEOLOGY AND COAL RESOURCES

The Otter Creek Property is located in the Ashland coalfield east of
Billings, Montana. Access to the property from Billings is
available by traveling east on Interstate Highway 90 to the town of
Crow Agency in the Crow Indian Reservation. From that point
access is provided by traveling east on U. S. Highway 212 to a
point four miles east of Ashland, Montana. Final access to and
through the property is provided by traveling south on Otter Creek
Road, an improved all-weather dirt road that leads from Highway
212 to the town of Otter, Montana at the south end of the Otter
Creek Property as shown in Figure 2.1. Numerous unimproved dirt
(2-track) roads provide local access within the Otter Creek

Property.

The Otter Creek Property is located in Rosebud and Powder River
Counties, Montana. It is within the boundaries of the Custer
National Forest but is comprised of alternating sections of property
held in fee by GNP and public domain property held by the State
of Montana. Coal ownership is illustrated in Appendix A, Map
A2.1.

Topography in the area of the Otter Creek Property is characterized
by rolling hills separated by broad valley regions. The rolling hills
are covered by plains grasses and provide excellent rangeland for
ranching and habitat for wildlife. Elevations within the property
area range from less than 3,000 feet above sea level along Otter
Creek that flows in a general north-south direction through the
center of the property, to over 3,400 feet on the bluffs that flank
Otter Creek.

Data Sources

The coal resources of the Otter Creek Property have been the
subject of several investigations starting in the mid 1970°s. This
has resulted in numerous data sets developed by several corporate
and government entities. Early investigations include drilling
conducted by the Montana Bureau of Mines and Geology,
Consclidation Coal Company, City Services, and GNP.
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Most recently, in 2004, Kennecott Energy and the State of
Montana initiated an exploration program that included the drilling
of 54 holes of which 42 were core drilled providing for coal
samples that were analyzed for their quality.

In addition to the drill hole data, regional geologic information was
used from published reports by the U. S. Geological Survey.

Nature of Geologic and Coal Quality Data

The geologic data collected during the programs described above
have been provided to Norwest in electronic format. Several
database files have been made available that contain pertinent
information regarding the drill holes including hole location
information, down-hole information including seam intercepts,
coal thickness, in-seam rock partings, and coal quality data. In
addition to this information, electronic copies of drill cutting and
geophysical log records have been provided for many of the drill
holes.

The exploration programs that have been conducted on the Otter
Creek Property have provided extensive drill hole data that defines
the coal resource potential of the property. The distribution of the
drill holes that have been completed on the Otter Creek Property to
date are shown in Figure 2.2 and Map A2.2.

All of the information provided to Norwest has been used to assess
the accuracy of the data and to evaluate the resource potential of
the Otter Creek Property.

As illustrated, over 460 drill holes have been utilized to
characterize this resource. The distribution of drill holes across the
property is uneven, with many concentrated in the central and
southern portions of the property and generally fewer holes and
more widespread coverage in the north. Additionally, there are
many areas throughout the property that will require substantial
drilling to accurately delineate the coal suberop and burned zones.
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Data Accuracy and Adequacy

Although the data provided to Norwest was in electronic format, it
was in several different forms such as drill cutting/core logs,
scanned geophysical logs, digital ““las” files and tabulated drill hole
data. This has allowed Norwest to make cross checks between

the data represented on the cutting/core logs and geophysical logs
with the various files of tabulated drill hole data. Where available,
the data on the drill logs were compared against the tabulated data.
This comparison indicated that the tabulated drill hole data were
accurate and represented the data provided on the drill logs in their
various forms.

The coal seam correlation and nomenclature used in the various
data files were compared and checked to insure that the final data
files were consistent in the seam correlation and in the naming of
the seams present.

Geophysical logs were provided in electronic (las) format for holes
drilled in 2004. Plots of these logs were prepared using Norwest’s
“Pinnacle” in-house geologic software. Top and bottom depths of
the coal seams shown on the logs were determined by selecting the
mid-point on the deflection of the resistivity and gamma-gamma
density log traces. These depths were compared with those listed
on the tabulated data and it was found that the resulting coal
thickness measurements listed on the tabulated data understate the
coal thickness by an average of 1.5%. This suggests that the coal
thickness measurements used in this report are slightly on the
conservative side.

It is important to point out that the most reliable method of
measuring coal thickness penetrated in a drill hole is through the
analysis of geophysical logs. Coal thickness derived from core
measurement is usually limited in accuracy by frequent crushing of
the core and by core loss.

Methodoelegy

After all drill hole data had been checked for accuracy, it was
combined into two master Excel files. One file contained coal
depth and thickness information and the other file contained coal
quality data. These files were then used to develop the geologic
model utilizing Carlson Engineering’s SurvCADID XML modeling
software.
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GEOLOGY AND
MODELING RESULTS

The data files created by Norwest, described above, plus published
data on coal deposits of the region enabled the development of a
digital geologic model that accurately characterizes the coal resources
present within the Otter Creek Property. The following section
describes the coal deposit contained within the Otter Creek Property
and the geologic model generated that represents these deposits.

Structure and Overburden

The Otter Creek Property lies in a region of the Powder River
Basin that is structurally stable. No known faulting is present that
dissects the coal seams within the property. The coal beds are
nearly flat or gently dipping more as the result of depositional
loading rather than tectonic deformation. The coal beds within the
Otter Creek Property are very flat-lying having an average dip of
one degree or less. Maps A2.3, Knoblock Seam Top Structure, and
A2.4, Knoblock Seam Bottom Structure, illustrate the gently
rolling structure of the property. These drawings, along with others
that illustrate the geologic model, are presented in Appendix A of
this report.

Stratigraphy

The coal seams of economic interest within the Otter Creek
Property are contained within the Tongue River member of the
Fort Union Formation of middle Paleocene age. The primary coal
seam within the Otter Creck Property is the Knoblock (K) seam.
This coal seam ranges in thickness from 19 feet to 75 feet and
averages approximately 59 feet. The seam splits inta two sub-
seams, the Upper Knoblock (UK) and the Lower Knoblock (LK),
in the southern and northern portions of the property. The Upper
Knoblock splits again into two sub-secams in the extreme southern
portion of the property. The upper sub-seam of this split is called
the Upper Knoblock 2 (UK2) seam while the lower sub-seam is
called the Upper Knoblock 1 (UK1) seam. Figure 2.3 below
illustrates the relationship of the coal seam splits. The correlation
of the sub-seams in the areas where the Knoblock splits is well
defined by the drilling that has been completed.

Map A2.5 Drill Hole Correlation Charts, located in Appendix A,
illustrates the relationship of the sub-seams within the property. It
is important to point cut that the thickness represented on the
Isopach map represents the same interval used in the quality
medeling for a given drill hole. Intervals of bone coal near the top
or bottom of the coal seam were excluded in the thickness used to
develop the Isopach map.
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The Knoblock seam is thickest in the central area of the Otter
Creek Property as shown on Map A2.6 Knoblock/UK/UK2 Seam
Isopach. Also shown on this map is the thickness and extent of the
Upper Knoblock 1 and 2 seams. In the northern area of the Otter
Creek Property where the Knoblock seam is split into two sub-
seams (UK and LK), the thickness of the parting or interburden
that separates the two sub-seams generally increases in a northerly
direction. Likewise, in the southern portion of the property, this
interburden increases in thickness in a southerly direction. Map
A2.7, illustrates the thickness of this interburden. The coal
thickness of the Upper Knoblock 1 seam, the Lower of the sub-
seams formed by the splitting of the Upper Knoblock seam in the
extreme northern and southern portions of the property, is
illustrated on Map A2.8, Upper Knoblock Seam 1 Isopach. The
thickness of the interburden that separates the Upper Knoblock 1
seam from the Upper Knoblock 2 seam is illustrated on Map A2.9.
The thickness of the Lower Knoblock seam, present in both the
northern and southern portions of the Otter Creek Property, is
illustrated on Map A2.10.

The coal seams present are covered by overburden consisting of
interbedded fine-grained sandstones and mudstones. The thickness
of the overburden is variable due to topography in the area. The
overburden thickness has been modeled by subtracting the
elevation of the top of the coal seam from the topographic
elevation. This overburden thickness is illustrated on Map A2.11
Knoblock Seam Overburden Isopach.

Outcrop, Zone of Weathering and Burned Coal

Outcrops of the Knoblock seam and sub-seams are present on both
sides of Otter Creek, which flows in a northerly direction through
the center of the property and exits the property’s western
boundary near the town of Ashland. A zone of weathered or
burned coal normally exists where the seam is found at near-
surface depths. This zone of weathering was identified from
observations recorded in drill hole lithologic logs. The zone's
thickness is variable and ranges from as little as five feet in the
southemn portion of the property to over 150 feet in the northern
portion of the property. After the zone of weathering had been
identified in all of the drill holes, the zone was modeled by
preparing a thickness grid. This thickness grid was then subtracted
from the surface topography which resulted in an elevation grid
representing this “weathered surface”. The “weathered surface” is
illustrated on Map A2.3, Drill Hole Location Map and Coal Seam
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RESOURCE
ESTIMATION

Correlation Cross-Sections. Where the modeled zone of
weathering intersected the coal seam, the limit of that coal seam
was trimmed to the base of the weathered zone to form a subcrop
line. This subcrop line was transferred onto the resource maps that
were used in calculating the tonnage of in-place coal resources. Of
particular note is that for each coal bench or seam, two weathering
lines were generated, one representing the intersection of the
weathered surface with the top of the seam and the other the seam
base. The importance of the two lines is the fact that with coals of
this thickness, there are many instances when only top portions of
the seam may be weathered while the lower portions are not.

In addition, after delineating the subcrop limits by the method
described above, Norwest overlaid the prior representation of a
burn line which was provided by GNP. It is apparent that this burn
line was generated by sketching a representation of the burn area
through drill holes which encountered coal burn and those that
encountered un-weathered coal. It is expected that this “burn line”
was determined through inspection of aerial photographs, though
this has not been verified by Norwest.

Norwest compared the “zones of weathering” with the GNP “burn
line”. In general, the areas and lines compared well. It should be
clearly noted that across the property the depth of weathering and
areas of “burned” coal has been delineated to highly varying
degrees of accuracy, based on the variable drill hole density. In-
place resource estimations and in-place stripping ratios are very
sensitive and dependent upon the degree of confidence of this
weathering or burn zone. Prior to actual development of these
properties, substantial amounts of additional drilling is warranted
to verify the actual weathering limits,

The quantity of drilling that has been completed on the Otter Creek
Property is sufficient to reasonably estimate overall coal tonnages
in most areas within the property. Several areas, particularly in the
north, warrant additional drilling. Norwest’s estimates of resources
are presented in two categories of tonnage within the property
boundaries. These categories are referred to as in-place resources
and speculative resources. Map A2.12 presents the in-place
resources and associated coal quality by section. Also illustrated on
this drawing are the subcrop line of the base of the Knoblock coal
and the GNP burn line.
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In-place resources as defined by Norwest include all resources that
are delimited by the burn line and exist within a high degree of
confidence resulting from a certain drill hole density, while the
speculative resources are those that are projected between the GNP
burn line and the projected subcrop line of the Lower Knoblock
Seam. These speculative resources would consist of areas that may
contain partially burned or oxidized coal. The areas containing
these speculative resources are illustrated by shading on Maps
A2.12 and A2.13. Norwest believes that it i1s very likely that
substantial resources of this type exist but will require additional
drilling to verify tonnage and specific locations.

Coal resources were calculated by measuring the volume of coal
represented by the coal seam thickness intervals shown on the coal
seam Isopach maps, limited by the subcrop lines formed by the
intersection of the coal seam and the zone of weathering. The
volume of coal was then converted to tons of coal by multiplying
the volume by the factor of 77.6 pounds of coal per cubic foot.
Table 2.1, Otter Creek Property, Coal Resource Summary found
below, summarizes the coal resources classified by ownership. It
provides the defined tons which are limited by the weathering zone
on Map 2.3. Table 2.1 also lists speculative resources that
represent resources that may be oxidized or partially burned.
Again, additional outcrop drilling is needed to define this category
of resources.

Table 2.1 represents the summary of an in-depth analysis of the
coal resources present within the Otter Creek Property. Several
detailed tables were generated in the analysis process, copies of
which can be found in Appendix B. Included within these tables
are detailed classifications of resources according to the USGS
Circular 891, illustrating the Measured, Indicated and Inferred
categories of reliability, Map A2.14 illustrates the data distribution
and the resource classification areas.

Coal resources were calculated for the three prime mining tracts;
Otter Creek Tract 1, Otter Creek Tract 2 and Otter Creek Tract3.
Table 2.2, Otter Creek Property - Resource Summary of Tracts 1,
2, and 3 summaries the coal resources by tract and by landowner
within each tract. With the exception of one small 162 acre tract,
all the coal is controlled by GNP or the State of Montana. Figure
2.4, Coal Ownership Map, Otter Creek Tracts 1,2, and 3 show the
location of these the prime development tracts.
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COAL QUALITY

The coal resources contained within the Otter Creek Property are
sub-bituminous in rank. Quality data have been made available
through the analysis of core samples from 115 drill holes
completed on the Otter Creek Property in the various drilling
programs since the early 1970’s. These data have defined the
quality of the coal present within the property. The quality
database contains proximate analysis, ultimate analysis, mineral
analysis of ash, and in some cases equilibrium moisture analysis
and density.

Quality Modeling

In general, core samples of coal from a given drill hole were
sampled and analyzed in zones ranging from less than one foot to
as much as ten feet in thickness. In some cases, these samples were
combined to produce a physical composite. Because not all holes
had physical composite samples, calculated mathematical
composites were used for each of the drill holes containing quality
data. These calculated values were double-weighted for both
interval thickness and density. Where physical density data were
not available for a sample this value was calculated using a linear
regression analysis of the ash/density relationship of all samples
having both data sets. A comparison of several physical
composites with calculated composites of the same interval was
made which validated that the composite method was accurate.
Numerous tables of coal quality data were generated in the process
of reducing the quality data. These intermediate stage tables are
presented as back-up material and can be found in Appendix C.

The Knoblock coal averages 8,500 to 8,600 BTU/Ib on an as-
received basis. The high moisture content, which averages 27.5%
to 28.0%, is fairly typical of Powder River Basin coals. The sulfur
content of the coal is very low and with few exceptions the coal is
classified as compliance coal, producing less than 1.2 pounds of
SO-/million BTU. The ash content of the coal is also low. Table
2.3 Otter Creek Property Coal Quality Summary, lists the statistics
for selected parameters by seam.
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As shown on Table 2.3, the sodium content of the ash is considered
high and averages between 6.0 and 7.0 percent. An inverse
relationship exists in Powder River Basin coals where the sodium
content of the coal ash generally increases as the ash content
decreases. This relationship is strongly evident in the data
regarding this coal. The higher sodium values are not surprising
because of the low average ash content of the coals.

The calculated composite quality data were used to generate a
quality model of the coal resources found within the property. This is
important to identify the lateral variability in quality over the
property and to visualize the spacing of data. Maps A2.15 and A2.16
illustrate the distribution of the in-place moisture of the Knoblock
coal benches on an as-received quality basis. The moisture content of
the coal shows little variability in all of the seams.

One noteworthy point is the lack of quality data in the northern
portion of the property. The area north of the north half of
Township 2 South, the area where the Knoblock seam splits into
the Upper and Lower Knoblock seams, has no quality data. Core
drill holes will need to be completed to characterize the quality of
the coal in this area.

The ash content of the coal on a dry basis has been modeled and is
shown on Maps A2.17 and A2.18. As can be seen on Map A2.17,
the ash content of the Knoblock and Upper Knoblock seams is
uniformly low but Map A2.18 shows a high ash zone (26.5%) in
the Lower Knoblock seam. This zone is a one-drill hole anomaly
and may be an isolated zone that is likely to be not representative
of the ash content throughout the area.

The sulfur content of the coal is shown on Maps A2.19 and A2.20.
Both these maps illustrate the consistently low nature of the sulfur
content within the property.

The calorific value of the coal on a dry basis has been modeled and
is illustrated on Maps A2.21 and A2.22. The MAF BTU valug has
also been modeled and is illustrated on Maps A2.23 and A2.24
These maps demonstirate the consistent nature of the coal regarding
its heat value content. The only exception to this is 2 one drill hole
anomaly in both the MAF and Dry BTU of the Lower Knoblock
seam in the same area that showed elevated ash content. Because
the MAF BTU is lower than adjacent holes the coal in this drill
hole may be oxidized.
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The sodium content in the coal ash has been modeled and is illustrated
on Map A2.25 Knoblock/Upper Knoblock Sodium and Map A2.26
Lower Knoblock Sodium. Both of these maps show greater lateral
variability than is shown on any of the other parameters modeled. A
comparison of the maps regarding dry ash content, Maps A2.17 and
A2.18 with the sodium content, Maps A2.25 and A2.26 show the areas
having low ash coincide with the areas having the highest sodium
content. The area of high ash illustrated on Map A2.18 is shown to
have much lower sodium content (2.0%) than any holes surrounding it.
It is evident from these data that when this coal property is mined, care
in blending will be required to minimize the variability in the sodium
content of the coal that would be produced. In addition, it is evident
that additional drilling data will be required to implement coal quality
programs.

Limited data were available regarding the equilibrium moisture of the
coal. These data were used to model the variability in the equilibrium
moisture and are illustrated on Map 2.27. Most of the equilibrium
moisture data are from drill holes in the southern portion of the
property but north of the zone where the Knoblock and Lower
Knoblock split apart. The equilibrium moisture shows little variability
but more data should be collected regarding this, particularly in the
northern portion of the property.

Vertical Variability

The coal quality data was analyzed to identify vertical variability
within each major bench of the Knoblock seam. This was done in two
ways. First, a statistical approach was taken to assess variability in a
general sense. Secondly, quality plots were generated for each hole in
order to visually review the distribution of quality parameters from
each individual drill hole.

For the statistical approach the coal quality data from each hole and
seam were classified as to the relative position in each coal bench; the
roof coal (the upper most sample in the drill hole), the upper half of
the seam below the roof coal (the samples below the roof coal sample
through the middle sample within the seam), the lower half of the
seam above the floor coal (samples extending below the mid point of
the seam down to but not including the bottom sample in the seam),
and the floor coal (the lowest sample within the seam). These samples
were then statistically analyzed. A summary of this investigation is
presented in Table 2.4 Otter Creek Property - Ceoal Quality Vertical
Comparison.
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This comparison indicates the following:

e An increase in ash content in the roof and floor samples of all
seams.

e The lower half of the Knoblock seam has a tendency to have
higher ash content than the upper half.

e The Lower Knoblock is also higher in ash than the upper half
of the Knoblock seam. This is not surprising because that
portion of higher ash Knoblock is correlative to the Lower
Knoblock seam.

¢ Correspondingly, the sodium oxide content is generally lower
in the top portions of the benches and increases downward

e The lower ash portions of the seams generally contain the
highest sodium oxide levels.

e The roof coal, due to its reduced calorific values, demonstrates
elevated LB SOymmBTU values.

The second way in which the quality data was reviewed vertically
was to plot graphs of selected quality parameters with depth. Up to
three graphs were generated for each drill hole containing quality
data and have been plotted for a comparison of the vertical quality
variation within each drill hole. Figure 2.5, Example Graphs of
Coal Quality by Drill hole, illustrates how this quality data has
been prepared. Similar graphs for all holes containing quality data
are found in Appendix D. These graphs illustrate the tendency for
the coal seams to have higher ash content in their roof and floor
and as a result they also tend to have lower BTU value in these
zones. The inverse relationship between the ash content and the
sodium content in the ash is also very evident in most of these
graphs.
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Figure 2.5 Example Coal Quality Vertical Distribution
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Summary Conclusions and Opportunities Related to Blending
The primary conclusions derived from the lateral coal quality
modeling and the review of the vertical variability of coal quality
parameters are as follows:

¢ The coal averages 8,500 to 8,600 BTU/Ib of coal on an as-
received basis.

e Moisture content which averages 27.5% to 28.0% is fairly
typical of Powder River Basin coals.

e The sodium content of the ash is considered high and averages
between 6.0 and 7.0 percent.

e An inverse relationship exists where the sodium content of the
coal ash generally increases as the ash content decreases.

e The sulfur content of the coal generally is consistently low,
averaging approximately 0.27 % and with few exceptions, the
coal is classified as compliance coal which produces less than
1.2 pounds of SOQ,/million BTU.

e Sulfur content however, is elevated in the top portion of the
Upper Knoblock seam.

e Ash content is the highest in the top portions of all of the coal
benches.

e The Upper Knoblock Seam is generally slightly lower in ash
content and higher in Sodium Oxide than the lower portions of
the Knoblock Seam.

e Coal quality control programs and blending will need to be
implemented during mining operations in order to maintain
consistent product qualities.

e The opportunities for blending will need to be assessed on
specific mining block areas as opposed to generalities applied
to the entire Otter Creek project area.
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LOGICAL
MINING UNITS

MINING EVALUATION

Based on advice from GNP and the State of Montana, Norwest’s
focused our evaluation on the southern portion of the property
because it is the most attractive for development from both
resource and land control perspective. In this southern area, GNP
and the State of Montana control the majority of the coal resources.
In addition, the exploration drill hole density provides sufficient
data to do a good evaluation of this property.

Norwest mining engineers evaluated the mineability of the Otter
Creek coal resources by considering the topography, surface
features, overburden depths, the thickness and dip of coal seams,
the strip ratios, and coal outcrop lines. The geological investigation
produced a series of maps showing these features and can be found
in Appendix A to this report.

Norwest divided the southern portion of the Otter Creek reserve
into a total of six LMUs. An LMU is an area of land in which the
coal resources can be developed in an efficient, economical, and
orderly manner as a unit with due regard to conservation of coal
reserves and other resources. An LMU may consist of Federal
leaseholds, private land, state lands combined under the effective
control of a single operator that can be developed and operated as a
single operation.

For the this study, each LMU has the following properties;

e  Minimum of 200 million tons (Mt} of coal

»  Maximum in-situ stripping ratio of 5:1 (five cubic yards of
waste per ton of coal)

e Can be developed and operated as a single operation

e (Can be separated from adjacent LMUSs by physical boundaries
such as stream channels, ridge hines or other naturally
occurring barriers

¢ Sufficient resources for 2 minimum of a 40 year life.

In reality, all identified LMUs have more than 200 million tons of
coal in-place, so that high-production, long-term mine plans could
be developed. Reserves of this size are more likely to be attractive
to major coal producers and energy project sponsors interested in
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developing these resources. Table 3.1, LMU Reserves lists six
LMUs with their related resource information. The LMUs are
shown on Figure 3.1, LMU Map’.

LMU 1 - Area Al

This EMU is located in Township 38, Range 45 E, Sections 25, 26,
33, 34, 35 and 26 and Township 4S, Range 45 E, Sections 1, 2, and
3 and comprises the Al mining area. It covers approximately 3,500
acres. At a maximum in-place strip ratio of 5:1, this LMU contains
355 million tons in two main seams. The average effective strip
ratio, assuming 95% recovery, is 3.0:1 in place. Heat content
averages 12,820 Btu (air dried basis), while sodium in ash averages
6.9 %.

There is a possible alluvial valley floor (AVF) lying on the south
side of this LMU that contains 9 million tons of coal. This is
shown separately to recognize that mining could possibly be
restricted from this area, should it be classified as an AVF by the
State.

Mining operations would primarily follow the strike of the coal
outcrop, i.e., in a north-south and a northeast-southwest direction
and advance easterly from the outcrop to the lease boundary. In the
northern most portion of this LMU (Area Al), mining cuts are
oriented north-south and northeast-south to take advantage of coal
outcrop.

LMU 2 - Area A2 — A3

This LMU borders on the south of LMU 1 and lies primarily
within Township 4§, R45E Sections 1, 2 10, 11, 12, 13, 14, 15, 22,
23,24, 25,26, 35 and 36. It covers 5,000 acres and contains 510
million tons of coal at an average effective strip ratio of 2.8:1.
Average heating content is 11,956 Btu (air dried basis), and
sodium in ash averages 7.2%.

‘ Please note that only LMUs | through 4 are actually indicated on Figure 3.1, LML 5 is 4 combination of
EMUs 1 and 2 while LMU 6 is 2 combination of LMUs 3 and 4.
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There are two possible AVFs’, one lying on the north side and one
lying on the west side of this LMU. These potential AVFs contain
40 mullion tons and 9 million tons of coal, respectively.

Mining operations are primarily oriented north-south and east-west
in this LMU.

LMU 3 - Area Bl

This LMU is located west of LMUs 1 and 2 and lies within
Township 35, R45E Sections 5, 6, 7, 8, 9, 17 and 18. It covers
2,400 acres and contains 254 million tons of coal at an average
effective strip ratio of 3.2:1. Average heating content is 12,012 Btu
(air dried basis), and sodium in ash averages 8.7%.

There are no likely AVFs found adjacent to this block.

Mining operations are primarily oriented northwest-southeast
along the strike of the coal in this LMU.

LMU 4 — Area B2

This LMU borders on the south of LMU 3 and lies primarily
within Township 3S, R45E Sections 15, 16, 17, 18, 20, 21, and 22.
It covers 2,300 acres and contains 251 million tons of coal at an
average effective strip ratio of 2.4:1. Average heating content is
11,932Btu (air dried basis), and sodium in ash averages 7.7%.

There is one potential AVF lying on the east side of this LMU: this
is estimated to contain 29 million tons of coal.

Mining operations are primarily oriented northwest-southeast
along the strike of the coal in this LMU.

LMU 5 - Area Al and A2 Combined

This LMU combines the resources of Area Al and A2 and is
located in Township 4S, R45W and Township 38, R45E. It covers
a total 7,000 acres and contains 751 million tons of coal at an
average effective strip ratio of 2.8:1. Average heating content is
11,969Btu (air dried basis), and sodium in ash averages 7.4%.

3 . : e 4 . . N
AlLAVFs are shown separately to recognize that mining could possibly be restricted from this area, should it be

classified as an AVF by the State,

NORWEST 3187 ~ OTTER CREEK PROPERTY

CORPORATION SUMMARY REPORT

3-5



COAL QUALITY

MINING APPROACH

There are three potential AVFs: one lying south of Area Al; one
lying north of Area A2; and one lying west of Area A2. These
potential AVFs contains a total of 51 million tons of coal.

LMU 6 — Area Bl and B2 Combined

This LMU combines the resources of Area Bl and B2 and is
located in Township 3S, R45E. It covers a total 4,700 acres and
contains 505 million tons of coal at an average effective strip ratio
of 2.9:1. Average heating content is 11,972Btu (air dried basis),
and sodium in ash averages 8.2%.

There is one possible AVF lying east of Area B2. This potential
AVF contains a total of 29 million tons of coal.

Figure A.2 is a cross-section depicting the coal seams in relation to
the surface of the land. A summary of coal quality by seam and
seam thickness for each LMU is found in Table 3.2, LMU Coal
Quality by Seam. This table shows that the quality of the Upper
and Lower Knoblock Seams are nearly identical with only minor
variations in any of the parameters.

All LMUs are amenable to surface mining using draglines and
truck-shovel fleets for overburden removal. These techniques are
used at other mines in the region including Absaloka, Decker,
Rosebud, and Spring Creek Mines. Large walking draglines
working with large (850 hp) push dozers usually remove up to 150
feet of the overburden above the upper coal seam. Overburden
greater than 150 feet in thickness and thick interburden are moved
using truck-shovel fleets. For thin interburden, large wheel loaders,
large push dozers and wheel scrapers can be used effectively.
Drilling and blasting is generally required to fragment the
overburden and thick interburdens. This eases the digging of this
material and increases the equipment productivity.

For each LMU, the dragline was sized accerding to the accepted
mining industry rule of thumb i.e. by dividing the largest annual
dragline removal requirements by a dragline productivity factor of
250,000 bank cubic yards (BCY) per cubic yard of dragline bucket
capacity. For example: An LMU requiring a maximum annual
dragline volume of 30 million BCY would require a dragline
having a bucket capacity of 120 cubic yards (CY). Therefore, the
smaller LMUs will require 70 to 80 CY draglines while the larger
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LMUs will need 110 to 120 CY draglines. The combined LMUs
will require two draglines. For LMUs 1 through 4, the truck-shovel
fleet will consist of 25 to 30 CY hydraulic excavators or shovels
and 190 to 240 ton trucks.

Coal, when exposed the top surface of the seam, will need to be
cleaned using a rubber tired dozer, or grader to scrape away any
remaining loose overburden/interburden or oxidized coal. In
addition, the upper portions (6 inches to 1 foot) of both the Upper
and Lower Knoblock may need to be removed and wasted to help
reduce the sulfur content of the shipped product. One mine in the
area (Rosebud) currently is utilizing a pavement cutting machine to
remove this top layer of coal and process significantly reduces the
sulfur content in their shipped coal.

Coal will be loaded by mining shovels, larger front end loaders or
hydraulic excavators into large capacity (up to 320 tons) bottom or
rear dump trucks and hauled to a coal handling system. The coal
will be crushed in multiple stages to a minus 2 inches product, the
size required by most thermal coal customers, and placed into a
stockpile or loaded into unit trains for shipment to customers,
primarily in the Midwest.

When it is necessary to meet the customer’s coal specifications, if
may be possible to selectively mine the coal to improve the coal
quality. The selective mining process removes zones within each
seam that are usually higher in sulfur or sodium thereby resulting
in a higher quality product.

As an alternate to truck haulage to the coal handling plant,
additional studies may indicate that it is more cost-effective to
crush the coal at the mining face, using portable hopper/crushers,
and then load the crushed product directly onto overland conveyors
for transport to a processing plant or unit train loadout facility.

The general mining sequence for each of the LMUs is shown on
Figure 3.2, LMU Mine Plan Layout Map. Table 3.3 lists the
production rates selected for the LMUs.
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Table 3.3 Production Rate by LMU

LMU Yearly Production Rate (Tons)
1 8,500,000
2 12,700,000
3 6,000,000
4 6,000,000
5 21,200,000
6 12,000,000

Mining Cost Estimate

Norwest developed a mining cost estimate for each LMU. Mining
costs were based on an assessment of the volumes of waste and
coal that would be moved over the life of the mine. When using
dragline mining systems, as the overburden depths increase, some
of the in-situ overburden needs to be moved twice (rehandled) by
the dragline. Rehandle can range from 0% to 50% of the in-situ
waste material — for the purpose of this study Norwest estimated
the dragline rehandle at 25% of the dragline waste volumes
(maximum 150 feet of overburden) and truck-shovel rehandle was
estimated at 5%. All in-situ waste volumes were increased to
reflect the appropriate rehandle percentage by material type. Table
3.4 LMU Mine Plan Volumes show the coal and overburden
removal requirement in annual and 5 year increments for each
LMU.

Mining costs were calculated based on unit mining costs derived
from actual and projected mining costs from mines having similar
mining conditions. The estimated final waste volumes and coal
tons shown in Table 3.4 where used as inputs to the economic
model. Tables 3.5 through 3.10 show the estimated mining costs
for the individual LMUs. The average life-of-mine costs for the six
LMU range from $6.69 per ton to $7.65

per ton.

Mining capital was estimated for each LMU. Table 3.11, Capital
Expenditures shows the projected capital expenditures for
development, mine infrastructure, coal handling plant, overburden
and coal loading trucks and shovels, reclamation equipment and
various support equipment including rubber tired dozers, graders,
large dozers, water trucks, overburden and coal drills.

ORWEST 3187 — OTTER CREEK PROPERTY

CORFORATION SUMMARY REPORT

3-10



-t

L1HOLTY AAVINNNS
ALMFdOdd AFTED ALLLO ~ L8] €

NOVt1LYHODEEDD

1S3aImyonN

A

HPRRYIH X1 SOMDIOA PACG AL

BT R R
[ £y 109
OTSeILEE WOVITL 000°SES'L11
000°059°715 T 03’3 006°SUR £

HPUCRIY Hija srmn(® A, GG

I LY YIL'SRES SH0BE6 T

WO A PAGYS-IRL ], BIG-a1T

95 0IIIT 1 006 ¥SL'Y 000'r0'S51

St | FMEBYAA WG]

APAVGIY HilM SHURION PARSHIL]

HPURHY Wi VITRNS |, SRR

GO A PASYSPIL ), MG-R

N0 A WREEIG RHG]

HPUYGOH Rila SFWDES 4 [PAORL-%IL |

AN Yok ToWETe A, ST

SIMELE 4 PASGE-RII ] WS-

e s R

o] o3,

PAPUNYIY qrim SHEERe A [IAORY- 1L |

APETRIY I Towae SR

SIEDI | PACRSHIRL] BRG]

0005116 D00'036'€ $08'089 151
SISLYIPYL PIL'seR'l S60'3L1'99
00'0TC 1EL 00 rSTE T 111

3o A waySE i nag-a]

OMNILET 00000, 000000

00801779

DOBSLEYTE ] MBSLE DOWSTIPLL

APHNIY ik sanie A, wwidg]

900009 64¥ 900'087 OBO'1BL 60)
u T

IR0 A PASMG-YIMI | BHGaY|

V00005 650 1

e e ]

OL'E

humiic Riviuc®

000’5 11697 [] 900'0€0')5 SIPREYIN MM SRS, [SAOYS-HI0LY
000’51 69% 908°05T 00Q0ST LU PRIy W SoRAb A ST IG]
908'00951 [} £00'509°51 20TRI A PADYSNIRLL RHGN]]
000 0BT SLL Dow'0ed 101 Somingor R RGN

o o))

IV YUY - 1 T

saumngo Ewld RN TN eniadorg GIITIION 1WID) b { AR



[48)

LHOIY AAVINANG HOELYHO S O

ALEHION] NEDH) HALLO ~ L8[ 1S3IMUON

Ty aaadiady woneRY
e ] s
HOTES wpa g shengy s ey
e SusrROE 1803 BAD 7
oL SIS0 L G0 0 12

- g o0 ¥
Bty o
Ly P [ - Sl

% pad

swgihugy

[0S wgddsg g SR
st g Sorganys jeors
HAre wRANRR gy
o'y B sontesg
o' Bananonrdig - Bumpusiag

- by iy

;;, : IV ALY
169 W e we 'y [ O RETYS

BLESEET NoTt PESERT STE'LOL 6T 199147 18T SEEGD HNINIK VIO
51T - W 24 (4] S ¢ NG SITY S

W L6y [] SO ST LY SIS ST ST Oy GRR R fuvy
00" L4 ST §T01H STY wopdag

SLBOD FEEW NN

iy (259

B% of's Ay MO S TR

GLYIEEY $07'1 P0PT 86Y4LT SSUST HLTSYT L X §65°0F GEBLED SV T TV L0
L4 wE "l W Wy L ad BT wi [rad NELL SHTVRA

9I4¥ER [ S5 SYPLLE L4991 B74501 7D LPFET 08561 RS ) OO g g0y
DRYRL #i a6t [ Il e £59% LT Etd oLt WG
fre gty te N 18110 0Lt £36°T £60°F Sih Y L) SRR RIOT & POV Snsvttiory
LS ¥ 21T ey 1oe't I8¢ s #01 Yy o108 AU Py
988y os1 w51 81 a5t o5t R £ tusmpwand) Rt womeaoavy
RRTLE A oryl 501 SLEY S0 WL 25EY 04 DR
£1408 £ BO63 1 Ll G L8857 [ R ELL N ] ibiasen ey
fisesre 91 FELSE BO'SE 'S¢ EORSATE I Y, Iy B ST

BEEL

1501 1% BT DL L weLY SO o, By gy

S0 BV T O LN N

s7'E 85 £33 0E WL, STV
PELEOTE s 085 151 50691 975°vE TEERL SEEET LT 003 SRS g,
661708 o s 575°¢ S28'L STHE 78’ WOLS B uRsA
oLLY o osr's 0655 005" 005°8 o058 o001 0L NOLS WIe wng Sunpueyg oy
BT W o1y iy sy 057y osT 053 003 5% 053 o5 NOL oty RBARE, 1SRRI 220y
WLy 3 osv's 058 058 oas's 0oLt 0L 0Lt oz | 20¢ T il sddes, i
LU s o1 579D} 40901 Sevot s79'1 2444 13454 5217 STE 0% 05T by - By jeny
THLETY 517 00615 viETy BLATS £00°7S EZt 1Trer oo 6570 625 118 RS e samvopdxsy 3 gy
YLt 23 vexet ves L 719 Bl VR TiLs 61 950 05 £ ] BovY g - G g
£15067 gy 001 %1 EINES RE9YE 586 (% £95°9¢ Ry $707L 575 Ea 0005 (3 Wi R e g
enipdiens g s e
R G
2 e . . . . i SESE ROLLIOIONS 1Y
= ¥ (531 $6% EigY ¥y 8 U SR
o o bl v o £ iy o
el 970 o Er< W Ed) G el
it ETHL L2681 641 ¢ 'L €181 SEE1L PSE'1L £56111 PRE' L Q6811 G6" 11 R T L
[ 67 Aty 350 X 6 5 [ £UE 1 [ »ir's ol AL oisesg A
s 8¢ oRLE SEULED 551600 B11661 DELHT GENREL S056L1 01908 al'ss 95°vE R0l {asd 153600
SHB9T (14 5oy SaB'%9 [ ST S09°3¢ s9pr Lot 99 063'1 9871 wzy 01z 0} PR TACHRNOTEL - ADR
SLE696 5LE WHLT B8LTE 521701 SLUBTE SI991 SLBIT ST1NTL 95LvT LT 5055 wost  Lgzrg (AR PREORT INT TV RS - A
PRUREE L ooy HhS"LY Loy R WLy Ty LY 58 58 e’y WS BOLY sy At Lo pris vt
LELTEE [ Ly LEL'YY LEL Y LiL'v LELEY LEL T LEL'sE LV6'% LP6S Lv6'S Y sy SHM1 R vk,

MO 3OS

S t

PPOLY 3807 DATA TV « | IRINT §°E darl



et

IAOLTYE AdVININS

ALAAIOUS ATHA) d3LLO — L8 €

LERN R R R

1S3IMUON

irL L [ Wi 6L

by sonvIey

by apop

sgond | dRAnGE WONOEL RO Q7S 05 067
STOUARIA 100 S 97

S RO V0L 0T D17

Faamgs ooy P pg

Roaong ey pi g

Phs 1] - vy

A g - suniag

sty pare soomudmby stoTmEEOSIEY
sy gy ooy

A0 SR
Sracy mpamniig
Butmoiiug - Senpag

eyssihon paery

BEASILN

o'l 99 w9y

L 1wy

auryg

¥0'8 L [ INOL STV
w9y $68°76y BIBOLY I ROSTOV | Teser L ISSGLy  §vE0'IZb | SREI0E ITE96 SRO'T8 | geEsy SEBOD OWINEE 1Y L0,
- 960 ¥ L9 [ [ia) o' &1 [Tl [Tal 6%t WE NOL BETYSS
o SIS STSE FT0'SS SL0ES $I5°96 $ISM6 ST $06%) S06°91 50681 SU6'81 | S06RL TR0 GIERN e
STOSE CUrSS SIS $T0°58 STS V6 STS T STG vk S06°81 S06°%1 S06'81 SOOBE 4 SO68T senesasdg

HLIEOD HEY s

€65 615

9691 LY LYY LRL69 $6L1TH [ Lis0ny HU5'9LE 08V IR BRLYS | epier RO HISV TV 00
e 8T 767 ST i3 65T (233 SET T NOL §3T
9 SOPSLL IS8Tl TIsthel  §AETILL CSUV9L | EON'EE T68°6L_ | 9Ny SUPCY W) SRR e Br L
[ SI0TL PROYT SpoT £9T61 19691 19€ (24 Wiryg [ )
113 ££9°6¢ 05¢'Ey 9wLYE viyvE BESDE 199y 1 E% 60 LUK S WO « PRIy iy
] r'y 118y 80t 58t 6EE 5€L siy YR D00 FOURIISUY [
051 051 031 o5t [ o5t 051 051 051 051 008 vE1 Gunuad) Fupuog wonvaaey
oL ST gts $2TT STUTL [y [Teaed j3c0red sov'y SrEy Sebp sov'y w1sg 056 004 WORBIEY
95 DITL PERLY PER'LL T9RLL $ER'LL vEFLL L95°¢ L98'¢ 195 95 FOOATY J6 %4, P07S e walaovy sy
591 BRLE T0EES W0sES 9885 WL ws'es a0L'01 DOL0T BN IO % DS *BJ SHMRADY

03881 $5561 58561 85561 #5561 716" 718 g By yagg

vTL sTL 23 L WL 9¥'L

PPN LDERL 9T ARIAIGT G) I ST BE U BT SR [T 0) 17 00 | 07 00 91 WAATSY O 11 SOA

Ly iro pAa] Lve 52 By S50 Rt

L1ay) LEA] BT Liat L) B4 [ (oY

L 86611 Lib'1) BLOTE D41 81611 66’11 o011
'S 819 654 el Naldd [ jaad ja 4 HLY
SOUTEO'E Fiacad HLY {8y V6T ROY SHTGRE OLEwLE DLV S STT6EE 0£5'EL fsaed 0Ly
[t BHEZEL 1 tared] 05786 so16L L6019 BLY'OY soer [ HEE BEL [irad
SLL1Ie SLB9PT SLYELT Q5 9P HUS BT SLEBYE 5197 SEY9ET DSTTE STI%Y GO 4 oS
BOL Sy [Ua e %Y GOS"E HR'EY DETEY BOSEY L) OBLTE 00471 BTy fUEEY
LYLOTS LY r3'99 7v8'99 LYH99 Y899 H8'5 ROU'E LT AU

Kaonvng
RreEty

Yy 6

somy

: . - LSO ANHYE LWL MO n )
9LE 8Tr (a3 FEE KO STV

HYLTLT 'y 9P THT ORTLYT TYTET LE6'51T 95ETIT I SRR JepN g,
6655 i L68"11 983 $85°9 To9'C 615°¢ L 43 031 89 NOLE £t R ]
01766 2 09771 0471 0Tt 04701 0oL 71 orsT L4 0557 e NOLS P07 sy Baggpogg osy
05868 o7 or 1 05579 09¢°9 0569 0559 00T LT 1 007 0471 NOLS owrn s 9 sangdilng, sy
L6 oy 09771 0471 0L 004 T1 0L T4 0rs'T 0vs'T e xd Siesd NOLS wre vl Lndding sty
STOTCL 05 STESL SL8SH 00651 S8 1 SLRSY sty ISANY SL1S $Li¢ NOLS et Ay - S posy
L1100y 00'e S59'LL £95'LL WIS 15092 £47°61 68791 57691 £61°EE LINOVE [aa] sagsapday g Fanpag
a5 17 i GLE'TS S1C68 SHTHT S8191 LEYY ST 864 g ADss ety PAONE - DR ] B0
CAVELE <1 £90%L 956°CL EHE 055 7L SLYS Eizad] ST5T 00001 ADHS [Eies suspingy pavssy 40

R PR SIS
S50 S

RESOO WL EOWE FEYY

Y U s
LTSS
(ST 55 PR
TS L

(0], W0y AR omey diog)

{suon -« A.73¢0) sen)) jen g
{S000) PRABPOLE THADHS NIMLL - A6
{S000) patepast INYRYVEA - A

{30003 Py suw ]
TR0 POV S0 ]

NVEL IO

TOPOIN IS0T) BUIA YTV T ONTT 978 MRy




yi-t

THOLTY AAVIRINNS
ALHFGON M) WALLO ™ £8 1€

NDLLVEOS 0D

1S3IMUON

e

L 6L L

Y8
LY
B0 1T
LU
[ urd
oerE

nadinby worw

)
sty apeogy

s 1, gy TaeON (80 BEE D1 QBT
siomanRy [97) P 07

FgInIY RN 0L R B BTT

avUS; 00 DA P
10048 Wy pAD g

PA3 g1~ ey

pho py - seghuagg

i pa potsdinby snosamsg

s S o7y
SO DT
Pangriey vovmmivg
Sunsomug - Suns
sonsbY Py

IV

459 §p oy

SHH1

g

wy 6L9 6’y 569 Wy Lie N BT
LYESELY TS I88'4AT BOYLLL ITYLT LI§'80T PO6YIT GRLUSLE £99'107 L0 £E£9'1p 91iLE 560 9L LHO BMINI TV LOL
- i 03 £l £ 91 9% Faa) [ 4] 9% iy 481 L1y NCHE SHTTVEG
9 SLLOE SLLBE SLLGE SLLBE FT05 SIS STUeS 0061 $00°01 SUoY sov'el | sou°al By ARG FUBRY
HaTETe S4L°0¢ SLLDE SLET0E B4 DS LTO0S STH'0S 50001 SO0 SOEB1 S

BLGGD SV N0

OGBS

OPEs [

ER'E e

4Rl

Uy

LTIV 1T PERU6T L 1is'eel | ZSPLr L GLA'PLL | pOLSOL I SEWRSL | L000E 5608 e SLEOO HEVD IVIOL
253 o'E T 97 5T [ "W 96T PE] 867 19T NOL SHTYSE
£16°R65 6607 WL 94984 HRE'SL 120°5L 51461 FSROL ST BTH | 9L’ EISDC) R PGP 0 { g
558 %) WL i 05 LS BETE U7 | obY WS [T e
96E'51 36051 361'61 L5871 95L11 L8601 PO’ 907 | oi% gy o5 SORIONS 6] - PRORANAL waiedo )
191 Gov't 628'1 FOE°E Wiy 977 1 06 soryg 100 ot feiasat
ES 051 o o5t 051 ast 051 o5t So00§ 051 (umisioid) Barpog wonsuRY
G5 (L] 0081 405701 0050 001t 01T | ovs woyg 8560 S I
9y's 928 v’y 549y 9 | bl stwany §0 % 1S Ay, Sy i
st LT5T LT 505 S50 L TIHT | mwoAdR 0ok st 0, BAG

149

w8 Waaa; W
SLFOO TV T TOWLNONON;

NI BETVES

L1'6

Wi

+ 1y aren

S L S IEAAIGY UL BT OB MG DL U7 SR IST 0L 17 SN T OF U1 SERAIST BF 1] SRR §f BE 9 AL

S188

Ty

CLE § 06°L i’
aail wo iy o $P0 S0 LY £ [aat] k244 s
L0 50 STD pads) i} 70 (24 wn 9T S0 [t
fiixd 88611 861 BB 8611 Tl 850°71 SH'TL LIHTL T SOU°TY LT 1B
BT [ i 0Ly L5y (3R ale §E% ke 1T LA e faxd ST
Lea'eaLy U HHEERL [LORTS DB L0E fea 41 [LExe SOYOEL GRS WL 0o6°(T vy SHET SO'6
SOEWT BR6°1 PR BIR'PS S1TRY oL SETYT RS2 §86'L $ib i3 98 §1¢ St
K049 0T B84 HETY8 SLERY 000°68 ST9BY SLEER STVLL TR [14¥A) Al 054911 o0%'y
BOULEL 0064 HONDE DOO'OE BDE HIOL DO GOH08 HO0°0¢ {009 G00'% Q089 fleay HOPL
6LS"6YT LEL L5 T LT 61518 61T 6L5 1€ GL5TE BLSTE G159 HIEH 475"

Azsataoy
GApEa0Y

189°601 VER'p11 Yozl ki L%l PEL'ER SLE'9L SIS HGER D)) PN
0017 0617 0L 0017 0027 001 ov5 ity
HO0'9 069 D069 09 0009 0009 (Gt sty Brngpronyy see0y
L 000 E 000°¢ o00'e 1100'C 000°c 09 sosgats o wonding opg
ovi 000y o'y D00 000" 5009 b00's 00Tt sunedindig poddng ey
sit 005", 05, 005 L 005" s L 0051 1051 oSy - Sapre] (oo
14601 761 8T Ly 00"ty $07'68 Li88E 969'5E $97TE 19£8 sansordy 3 Seyig
rs'T01 260 vvL8e 950'] 69 7199 T31E o6t o - ey 0
BSE 10T 09 (ET%4 o0L'9t 58557 £91'5T §61°¢7 3997 D] At T

soogiliies v SpEIEI Ty
B RO

o SESOD HOLLSOOW BV
BGUTY @ MBUPOG
AULSENADRTY
L4 % g
(9T ayrLLE
(B0} 90N A00) ouey ding

(i » 3 7060 SN Fe0, 1]

A0 DIPRL] TIAGHE N AL ~ AT
L) BOONBOLE SN IVRE - A0

{30003 prog suo |

RIS PRI TR0

) speng

ML MOU

PO 35073 SHLA T8 - € IUY OF MGRy



Si-e

LHOLTY ANVINRNS
ALAGIOAY NEHAD) WALLO ~ L8 (€

MO LV NOE MO D

1SIMUON

W'y SRR WY

BT wesurdinby apgupg

- BOK'TY ] NG S R0 02F 01 pEY
) [T43 BAARATIRY pe0r) P (7
B9 7Y RS YUY YO T B Y

) QON'E RGN A g
- fanonys ey pAs pg

- A5 1} - ey

B00°RE 0o g, - oy

pee soysdns puv mowdinb snodve sy

000°77 nmyg urpeyg ey

[T soppieg oy

007 Juutiprigy sonmbe

bow'e Brpessiy - Bunong

wnngmiaboy ey
VLY

L)

S5T°6T

g

w9 8L ¥y 5T ) WL SATTVSIE
£56'865°] ROSYTT | WOU'BGT | 90TD6L ) yIs'LE YIr9E SISO INENIN FYLOL
o - 01 €01 01 w1 1w i NOL, STTYSS
(144 [ SLLE SLLOE SLLBE SLLBE 55801 SST0L BB ORI P
SLLDE X cernl

sonwtewd
SLBO HEY

POEEL

6LL

wiss

ROEY

65 TR {OL SHIYSA

EELEBE 60U BErest SISO SV IV LOL
Wt 09T T [1%4 INELL SO TYR
£20'10$ T8L8L P85 G6L3L AYSOT) YRTP APPSR D |
LHESY (73] S08°L GHYG ESitr GO0 )
o' (3 o't 2R3 61601 nueyg 0600 SO RBOL 4 PESIIAG) DR
£L9% BLHT 1977 1T HROA [T SHRIE [RERL)
[ o5t 051 31 005 951 {mpsand) Bapaoy worsepey
HE' Y SO U5 (LIS GO3°Y [t bV 95870 FHd UOTPINVY]
E py Wy YTE'R 3 w9 e R g, sudaong svoiry
LTS'HIT LLTHE LLTST LLTST Feding FEDANY T %, {151 WA, ARG

08Ty 0P L

s Wy ey

SO H Y VIO LN NON

& 15 w2y

Bp DL BE PIRICE 08 (L ISL

5L §Y'L 8L Wy YL
el (S50 S0 (344 50 oo
610 [GR) AN LT "o WY
25611 1] L6711 $e6°1 BLR'TY ShEL
6EY PE 667 AR §57 191
LS PLEITY [SEESH SEITLY SLYB0T DELSE 04967
BEROLT DLYET SHRL SR [ S§E g
005865 WTLL DSLLL UL 57169 SL8Y DET
BOFRET [LERIU Y DERYEE [Ehuols IHRY LO9DE DRy
GLSOET 6L8'1E 6L8'1€ 61518 64571 DHED

sy £ 68 T R8T (254 T 1T 154 N STIYSS
199’ Le'vIt £78'101 1F9L8 PESOR G60'88 brT 6L DOR'CT 5611 078 TH B69°T1 o0y SISO DI o)
v 0047 00L'T 00L'T o0L'T 0L 00L'T avs oS s v 917 NOLS G s
{73 6000 000y 0067 000°0 000 000°% 0071 [ 0671 0T fosy NOLS e g Jaypuei oy
& 00't o0’y 000'{ 0y'E D00 0% 009 009 009 W9 124 NOLS W solaseg i widing B0
Al GO 00"y D00 0079 OIS e 0T 007 0T (Lt B3 NG DO szt oy a0y
ooy 005 L 00§°L 0L 005"L, 0052 005 005 0051 008’1 0051 ooy NOWS 0sTH ey - Sapuo'y janry
£9%°Ep L80°5€ 859 CE £YTEE L1°EE 71508 LTS S LE¥Y EETACTN 1NEVE [eat sanymopdng v Suigpag
o017 00231 9E8D1 Eied LA VLS 06T 891 e $91 571 o ADEHS U TaAIE - Dy g0y
V55°6L1 1] 550'LT CUTACHS ST STET EET SEL0T SLEE €97'¢ SUT BOUT 1889t ADHS et Suyfuigy Py G0

sangelddyg g someiy aogey
e o b s

AR

MOLEBGM S HESY )

S e,
OS]
[

L0 Wl

AL O A o e

{3000 334 S8y e,
{3000) PAOUPOILT TAADHS ML - A

{3006) poxmpold SNIHVHC - A

ATBATISY bl S8

[ErE T

ahpsmy

{SHO0) PROBPN] GU0 ]

MOTLMIGORE

sy e |

PO 3

SOTp U TH - b AT B el



91-t

LHOLTY AMVINIRNNS HOTLYBOe RDo

ALMAION NTFUD WALLO ~ £§1§ 1SaAMUION

bOr'R s ————
L4 ssdinby SR
. Ry sopon g NG IR0 (800 7L O 067
’ B's stnravng 1000 pio o7
P09'LT DY WO L DY 81 D17

. 19r04s o0 pAn oy

[ 12a0Ns Hoog P
Q00'8E PA3 911 - ounBrigy
- Pho gz - ey
B00°C wapibdng pue vsdinby soausRIgy
[ wig Faspuen ey
BSE SEUEg S
[ nd Sy uotmanybis
pan's Suveouriug - Surunag
- wonsbyy pasy
- ” . : 0 - - - VLAY
$EL @9 e prad (AN INTRL SHTVSS
LBTSTES Lo9Y 166°708 £65F5Y 190°69L LSY'SEL SLTGLL SO5ROL LTS LIE'IPL 9I¥IRL L8EIEY | ppR'99 SAS00 DNINTIY TV L0
86°0 - e e we we [14) T ‘ w1 [143 i Wy g NS SHTVSS
DB OIR 8 SLE'GL SLESL SLE'SL SLE'EL 1061 STUSIL | SRS SYHL SYR'ST SPRST | SPRGY BRROCH YR oSN RS,
HOR'OTY Sib 5T SER'ST HYRET ]

i SL6CL STTHTE STTHTL SHR'GT SYHCT S

BLISO0S 3

Y we H0'9 0y

9 NOL B3 TVES
SNO'ERS 1 I8Y'6SY | pee'srs | 7av'eby | pNTst9 | oTvsTl BLSO0 HEVD TV LOL

197 it 18T 9T 887 [ 15T 57 9T NOL SHTV 6
YESLLTT BEU'VRT L SGCLET | sUSMST | 0wz ST |tz | wieeer | zsres U0 4SS RIS FE0 L
THIT T50EE ov19E 01508 94T YT SOL'LT 66697 9v'S 159y iy B WiryS 500 G
urviy PEFES T50'sy 81655 25605 <o8'6r 6986y LB5'8F wes wue's 'y 696°9 g 6600 SIIOS DL+ PRIAEOALY ialsn
oy 0199 RTTL 0y 199's SRS ws's 'S 6801 oi6 ir6 L 192 supyg 0160 sy [2EReg
086’ 051 o8 5t a5t 05t 051 051 051 051 051 3 041 50008 o5t tuinmiand) Farpung sowsueoy
SCLABT S6L'9E 001°LE 60148 SETLE on1'Le 00128 091'LE 0THL aev's orv'L SR DT w0 ED S99 USRI
$40'017 vIi'6e 01282 0LL'6Z 26067 0LL'6T BLL6E BLUBE P56's pEE'S ¥56% pEss L eivz | smueango s fegs ] sukavy svei6
SYTOL TLELH B1E68 01668 663 DI68 oli'es 01568 [ 2982t 29881 ESTRANE B2 oA YU FURTAN DN XS EHIRIDAIG
BIU9ST [ 709'¢ 6L9'7E BY9ZE 80978 05"

b HYEY YT ] Bl D g, ey yegy
. G SLECGD TGV TIORINO S WON,

N.m‘w e 95°% 8¥Y 08¢ Bo'E orE w7

INCLL SHTVS/S
AT e BLO'THY  OTI'ERY LLSTIE  B09'SRE  loprn LOS'LLE 958 698 PLIPL £17'59 9ELGY SPUYS ROy GRS 10,
SIHSL L7 1E40) 085’5 Ui Y56 0156 ) ee R06°1 S 8061 8§06t NOLS o] BESSEERY
[LARY 2 0rL0T 00717 G017 St 00T 17 00717 007 17 vy VT vy vy NOLA DTG se)g Buppugy vosy
05£°¢8 0¥ 01507 00901 009701 G 609°01 ¢ 00901 0717 0717 0717 Edice NOS oD sodlasng 1 seigdidag 1amo
0L 2 0vL 0T 0T (T 00717 {eat VO 007" 12 06717 orT'y LAy [Laad Ty NOLS BT satudinbry wnddog g
SLEBOT 5L LTH'ST 00597 S78'9T 00557 00597 06897 00¢'S BOE'S LS D06 NOLE VLY adeppreeyy - Bpror] progy
SL190TY o1 $¥E'691 7685t 911651 DITSHL 05 s 2 141 00887 SLEST 81957 V6817 LINGYS WL sonrsopdicy sy Sumpagy
R6E95E b4 BRTEL TO6ES osh'LE $PE0E TrEhE 81697 v [E] fadAN] 1239 A 20t TONOYE ~ TN B0
051798 831 RECTHL £187011 £16°601 8457601 TN BRH°601 9UTT 60107 RR$DT 881791 AT D sy Ay g

waycddig pus seoampy oy
Y5O HREIPRG
WOLLBGOME BEY )

£180)

AN 9L wi vEL L&y WG BL 9% 08 BEL

539 beL 2 - T g,
Gt e V0 1Ay Gro e Gy Lya o Eiad Ly iry L4 JERR L Ude it
L5 S0 Lro LT pouil 80 LTy Lrad 8T 3T BID Lras 8T 370 L4 % g
85611 ¥ub 1l $56'11 985" 611 Lo6' 1T B5b1E $96°11 PLE"TE b6 1 9511 L9 G611 50611 {8 QL8
RO RLE LS .5 9Ly iy LIt £ Sy [ 4%3 HE'E g (229 LT Lo SO/ A0 ouEy m; i)
YTy 61t SHOT99 S6L'TLL oty St1'99s SOV RS IR OLEHLS 016901 (34184 051 re MTLL 0187 (0L + A WYY P
Y168 Vi DTTERL SHLSET BEYTE Dyy'ce 0LE'LL SEREL Sty SER'11 SIR'Y 9T 4 EREE 0y {50003 POSRPOIL IRACHE A TEL - AL
oos'psst sty seivie  [pooise  |seeve  foreeor  Lerisve  Jostmes  feovwas lawse  loooss  lszewe  leeows | soes (5000) PHOMPOIG ANV - A0
HOSTEER I 001191 THHY K94y DOTH0T GO0 901 [LE i (OO 1 EE 7l bl Wiz BT T flas b RLER Kinomg 2 546 (300 pLoY o

LS TTT

Y1877

ROCLLE 91t 361601 6L511T PRY'LT 6LS T LT 1§50

91 o (50003 pronpong s

LA

PRTy

sy oy |

FPPOIN 1803 SUTIAL £V TV-1V- & (WA'T 6 & Sy,




Li-¢

LAOGTH AAVIDNNG
ALdRJON AL

NHLLO - L81€

HOPLVYHO R BOD

1S3IMAUON

(el

Ty Bonpuarg
by Spgopy
o | R IBEROE] 19973 7Y 03 D67
ESRARSSEY 1807 pia T

SROLY, Y UOL DT D1 DTL

o g pAD Y

1A Hooy pAZ gt

i

i 11 - vugSeigy
A5 o - vupBeiy

soppddes pe yuoosdiolag snooun Ry
singg Buasghy wocs

SRR VA

Buarpyiey tovemping

Bonaaiug - Dunres]

tiomsby prsy

E91RL

G 5 i G @ 4 TTRIIAYD,
599 oL Wl oL e 9y BEY ¥5y 99 £1°9 fiad fuh ) we s ] N SAVES

GEERLYY SRPLE Y LIRS 154 FE6REE LER'THE Q06 Tiv SRE'TEE £9¥'5LE SELEL SOE'L 00 DSTTL | RE5'6E SASOD ONINTIN TV RO
501 " LB L0 L LB 981 881 " [ i) wi Liad STE WO SIS

BOT LAY B 0 919y [EiN.4 8197 U8 918 £51°%L £E9°5) EEWST £89°51 £69°51 1 £eo') BTy GRRON Jg
BOE'L6Y L9109 pxikid 979 L4101 E91°8 £91°8E £Eu5L 8951 CERST YR R HGryg ey

e

LEE

e

o 7 BLRO0 HEY enN,
Py LA 8% fxa BEE 8% BES s 96y MO

H5189'C SRY'LL [aicd £10pLY T6LISE BLYSEY LELPEE YTEYLE BOLLET 9H6°L% LEL'RS DLELS LYW BV T LO]
we 8T 9T #T Wi T T L FORS 07T iz 7T 8T NG BHTIVES

GROLRIL 5% S0L'651 LOYEST HETUST LGP £84°9%1 95T SIOHET LUSLT 16407 SEYLT LO8°LT SISEY YIS DEGRRRAGO] 0B Py
PRGSO o8 SR 8E8'CY 1oyt 1€ 88T P8l oL jatu BLUT 961 576'1 Y fush] FECy
YN 61 P09 RERT LE6'5E EOBET 05867 BLETE H3U61 vy SEL% j1ia4 SUAY HER DEG EIURIDEL WOS 1 prupBAD) MRy
L1 [4589 [ ANY PSR 997 BT BHET f43 34 oy iy 868 S8E BUYE Dive RG] Ry
[E [ 01 051 51 %1 81 01 051 051 01 051 008 o1 Gamnpsaud) Farpun worsurery
[2a ) 00017 DO0IT Q0017 L84 0001 O 1T 01T Wy [Luad jLuad By w18 [ el FRG WORBRRAYY
TV 15891 {5891 L 15891 15801 159'91 [ANY LYY BLEE BLEE SRR JO B PGS SUBRINYY B0y
96T 00V £55708 £55°0% RS0 £55'08 £54°0% 55708 1t ISERH e ey AWBIE IO Y, 051 R BOURKIADE
1EEOrL HRY'81 O8R4 D3Y'81 O8] 08081 i WL BOE g ey ey

SEBOD W HEY T RMANOSON

0¥

Mot 3

ST 81 17 A

(G342

BV 6v'D 500 BFY [2:a1) Ll G0 650 gt} (24t} L2t (3240 fas

fray (XA 80 HT°0 s 874 671 870 600 B0 A 80 ey

HOTI YT O 1071 13671 1E0°¢) 1oy T 10Ty 14971 1607 0T [Rika)
Ve LBS SRY [2%d iX'E jad) [ 58T ¥ 917 bkl LT T 18T
SRTIENT BEO'9E oIS ST DIV 1404 06 P97 U88°9¢T [T asrd LT s6¥ 1Y S9L6E SOVEE L SET
SR1L8E DETL SEELEL S06°18 5 Tare] 508°6¢ BT3¢ .58 ¥4 [irat} $ot't s6¥'1 5821 (U] 01T
GOUHHC L D5 STIELY DSTSLL $71°991 B5L991 518991 0005t Q00T 589 R a7 SIRST 6T
GOy HOLT D008 ] DG QUi D009 o0 L uiaed Gl DALY (£ 4] T WY
501005 I61EY I ¥SI'EY 6971 505

Kaononoy
ak penon

Pl $6

ey

L X s €9 NG BETYSS
FHSE1S' EER'G1 159087 08517 965 TOT 69 W81 P56 LRT 098°1 L1 SRLNST HEEDE 986°0% 9L0°0% SEE6TISEYTE RO ke i
LT .07 S 'S 0YS 00Y'S (LGN H0VC 00v's 080 080" UELR 08151 ik NOIA S0 O
B g 000! 0001 00071 {Eutyad 0H0a'TE o0 000" (G Oy T Op'T DOT'L 136 NOJA fueati] weyd Waypusyy poy
(A 4 LY 0005 G Y 00 000 00’9 009 0 0T DT i DO (8% NOLY LUt oA g sarjdeng oney
HI0'5h e 0T L 0071 0001 007 o001 000"E 1 o7 H0Y'7 005'T (et il ¥ WSS e oy vty s
SLLBLL S4% 00651 000’5 1 U001 00's 1 000's 1 00051 G00'5 1 '€ 0o 00t HOU'E LUa] WO e adbepmen] - ooy procy
S06'8L% 550y 5116 G99'E8 SPE'LL 23 d Y61TL RO0"5Y 10800 REH°] BOB1L A 05711 158y LIS fueaY sopiey  Bugpag
PP 68 pigLy ToLTE 1657 TONT Eigaees a3 Leiad BEE $65 1289 757 8 AR BO¥Y AN ~ Bt G0
00L°0%E 3561 R8H'TE SLETS RER6Y SO i303 4 06" S 09Ty £90°8 e (55 80 BEW'E ALY BED i) Eaouy Gy

sanpding pos sperangy s8]
B0 SEGIRLE0),
e SREC NOLL OGO RV
BUBY U1 Ao
ALRATOBTY
(510 % s,
L AL
TS RO A D diarg

{801 4, 3515 SHIEY TG
LS00} PR TAADHS/ ML - AN
(3000} pemnpel) ENPIOVIE - AD6

1S5566) PIoY S0 1
{00} pRouging sy

NEH R

FIPOIN 16Ty AN TH-1E 9 AT B1°E Ss g




098°€0TS OrTEELS 0FT'RIIS 095°9££8 OPO'BYTS e 213 IV LISV D IV LOL

0L 00£°PS 0L S 009'88 00£ 48 00£'v$ somilinlag voneweYy
095618 [ECHAES OP9°TIS 09$°7Z8 OP9°CIS Oyeels suanadinby apgo ]

009°5T8 008718 008'71% 008" s 009°5T8 007618 sxoni] dung] Woudg (00 671 of (6

00¥'98 0T €S 00T'ES 009'6$ 60Y'98 00F9% SHARARDXH (800 PAY (7

008°¢ 1S 009718 009718 009°LT$ 009178 HERSES SAINLY HOOY BOL (YT O (17

[£3 008'¢S 008'ES 0% 0§ 0% [2A0US 900} PAD pE

00£° Y8 08 o 009°83 009°8% 00ES [OADUS, HOUYE PAD OF
08 [ 0% 000°8€1S 000'T768 000°9%$ PAS LT - sunRic

000°9LS 000°8¢$ 000°8€S 0% 0% 0% PAY L - SumSui

000°¢S 000°¢S 000°¢S 000°¢$ 000°€S 000°Cs StHans puw BB A0S

0006 000778 000'TZ$ 000758 O00°LES 000'878 UL SUPURE 1800
000°6$ 000'p1S 000'6% 000518 000°128 000'6% SITHIOR B

000'T% 000'7S 000°78 000°T$ 000'7$ 00O°ZS uiuy uonetojdxy

000°¢S 000768 000°ss 000°¢$ 000°¢S 000°6% BULBOUIIUY - SULHILG]

MOUISINOYY mﬁ%xm

U 14 VIV Td VIdY 19 VAV EV-IV-IV VAUV EV-IV VIRdy IV v3dy {5.000) x jendery

9 N1 S AT ¥ AT £ TN [F10e
SESOD TV LIIYD TYLLING
008 15 1 I T z i 1 e |
05718 z [ z v 7 4 sEdEng - 5oy
00E°TS 4 I 1 £ T i S 1B00-H0)
PILTA i | 1 1 | i SO ] Suligf
POLRA i i i 1 I i Y] SHIPUBE] (807
00y 13 £ T 4 £ 4 T SHpUE) JOI01Y]
0TLY £ 4 14 £ 4 4 AT |
00818 4 £ 4 £ € SIZOCT}
DOLS 7 ] { ¢ T 4 S102001 13}
007'£% 8 v v i 8 9 UOL(7E ~ SO, (207
00878 9 4 71 Y 01 DT - SEORLL GO
001'78 9 9 UOLOTT - SYORLL ()
008°CS { i DAS (7 [PADHG N0
0098 I 4 F4 i DAd ()F [OADLS-Ho0Y
[ z i I 3 T 4 DAY 37 {ADYS- 1807y
000°9YS 3 [4 { Ay 11 - suieie]
D00 RES 4 { 1 PAD 3]~ SUERICY
LINA/SESOD 4~ 14 VIV Tl VAUV 19 vV EV-IV-1V VAV £V-TV VIRY IV VY INHNAIOH
INFWLINOH 9 (Y S AT b HNT £ AT 701 i N

NHWTHIOFE INTNONDT TYLLING

saanppuadxy jende)) sopdodosg uroniaoy] seeasy § ¢ sjgey,

EK PROPERTY

% CRE

TE

T

NORWEST

SUMMARY REPORT

[¢ ]

i



ELECTRIC UTILITIES

MARKETING

Montana coal, the Northern PRB, is noted for its higher heating
value that most of the Southern PRB mines, its varying sulfur
levels and its higher sodium levels. The sodium content of Otter
Creek coal ranges from 5.8% to 8.8% and is high in comparison to
other coals in the western US. but about the same as other Montana
PRB mines. For example: coals from the southern Powder River
Basin of Wyoming typically average 1.2% sodium while currently
produced coals from Colorado average about 2.5% sodium.
Sodium in ash can cause slagging problems in certain types of
boilers in electric generating plants. Higher sodium levels
generally create greater slagging problems. As a result, most plants
avoid burning high sodium coals. Exceptions include the following
ten plants which are within the competitive area for Otter Creek
currently accept higher sodium coals:

1. St Clair - Detroit Edison

2. Bell River — Detroit Edison

3. Trenton Channel — Detroit Edison

4. Shiras — Marquette Board of Light & Power

5. Clay-Boswell — Minnesota Power

6. Hoot Lake — Otter Tail Corp.

7. Syl Laskin ~ Minnesota Power

8. King — Northern States Power

9. Sherburne County — Northern States Power

10. Bay Front (or Bayfront) - Northern States Power

The plants shown in the table would likely constitute the initial
target market for Otter Creek coals. The plants are shown on
Figure 4.1 numbered from the closest to the most distant plants.
Total 2004 volume to these ten plants totaled 20.3 million tons in
2004. Through July of 2005 the annualized total consumption
decreased to 16.1 million tons. The difference in consumption rates
appears to be due to the intrusion of coal from the Southern PREB.
In Table 4.1 below coal quality and delivered prices (discussed
below) are also shown.
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SYNFUEL FLANTS

The data in this table is derived from FERC data. It is, from our
experience, the best data available but not much audited for
accuracy of reporting nor input into their database. Columns ‘J’
and ‘T’ for instance, show the delivered price per million Btus.
When we subtract our best estimate of loadout, rail, and in some
cases loadout to barge and barge transportation costs, the resulting
FOB mine prices vary widely and are, in some cases, negative.
Averaging these resulting prices, as shown at the bottom of
columns ‘Q’ & ‘W, produces apparently unrealistic FOB prices.
In further work on the mine feasibility, special focus should be
directed to these elements.

Note that the column titled Contract/Spot in Table 4.1 indicates
whether a power plant is being supplied via contracts or spot sales.
We anticipate that the new prices on expiring contracts will be
increased by $4.00 to $7.00 per ton plus any increased rail or barge
costs. The spot market sales in 2005 to Detroit Edison’s lakeside
plants shows an upturn of about $5.50 per ton over 2004 spot
prices.

The volume of coal shipped from Montana to the high sodium-
accepting power plants is only about 20 million tpy. Careful effort
developing a solid market strategy will be necessary to determine
how best to nudge into this market without destroying whatever
price discipline, if any, currently exists.

The second group of power plants in Table 4.1 are (or were) also
served by Montana mines neighboring Otter Creek, including
Rosebud, Absaloka, Decker, and Spring Creek

All these mines have been operating for many years and are
experiencing higher stripping ratios in the range of 3-4:1 at Spring
Creek, climbing up to 9:1 and higher at Decker. These higher strip
ratios put these mines at a disadvantage with respect to Otter
Creek’s projected operating costs, as they each must move more
waste to uncover the same amount of coal as at Otter Creek. This
higher cost, however, will be offset by Otter Creek’s higher capital
recovery / depreciation costs.

Another important potential market for GNP coal is synthetic fuels,
Very few properties contain such a huge coal reserve and at such
an attractive stripping ratio (less than 3:1). Otter Creek could be
considered an ideal property for a large scale synfuel plant.

NQRW EST 3187 - O7TER CREEK PROPERTY
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This would probably entail attracting a large energy company with
adequate financial capability to construct a mine mouth conversion
plant at Otter Creek. Companies like Shell Oil, ConocoPhillips,
Chevron-Texaco and ExxonMobil fit this profile. They would
possibly be attracted by the large reserve base of Otter Creek.

NORWEST 3187 — OTTER CREEK PROPERTY
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TRANSPORTATION

At present there are no established transportation links to the Otter
Creek property. Barring more rapid than anticipated construction
of the Dakota Minnesota & Eastern railway, the product coal
would likely get to market by rail or truck/rail.

RAIL Sized product coal would be loaded at the mine into trains which
would travel via a rail spur to the line at Colstrip, located about 38
rail miles distant. From Colstrip the trains would continue on to
their final destination, a power plant among those shown in the
prior figure and table. This alternative would require the
construction of:

¢ Typical coal crushing, storage and loadout facilities at the mine
to accommodate 12,000-ton unit trains

* A 38-mile rail spur from the mine to Colstrip to connect to the
mainline.

Normally, the construction cost of the spur would be funded by the
BNSF with the cost then rolled into the freight tariff. Alternatively,
the construction cost could be funded by the mining company(ies)
who should receive a corresponding (slight) tariff reduction to
cover the railroad’s avoided capital cost. The construction cost of
the rail spur to Colstrip is estimated to be about $78 million®.

Working on the assumption that the construction would be funded
by the railroad, we estimate the freight rate to be 21 mills per
ton/mile for a hypothetical 600 haul to the nearest power plant. The
freight cost for the 600 mile journey would cost optimistically
about $12.60/ton.

TRUCK/RAIL Sized product coal would be loaded at the mine into trucks which
would travel about 50 miles on existing highways (including the
towns of Ashland and Lame Deer) to the nearest access point to the
mainline at Colstrip where the coal would be transferred onto

¢ Based on the work performed by TransSystems Corporation (included in the “Tongue River Feasibility
Report” prepared by Resource Data International, dated October 19973, Norwest escalated the 1997 capital cost
estimates by 2,3% per vear,

NORWEST 3187 - O7TTER CREEK PROPERTY
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CONCLUSION

trains for the final leg to the recipient power plant. This alternative
is more complex and would require the construction of:

Coal crushing, storage and loadout facilities at the mine to
accommodate the loading of highway trucks with capacity of about
40 tons.

Truck unloading, storage and loadout facilities at Colstrip to
accommodate the loading of unit trains.

The construction cost of the unloading, storage and loadout
facilities at Colstrip is estimated to be between $5-10 million.
Assuming a work schedule of 350 working days per year, 24 hours
per day, about 30 trucks per hour would be needed to move the
production of 10 million tons per year. This is equivalent to one
loaded truck every two minutes.

The budget trucking rate for the 50-mile haul to Colstrip is
$0.16/ton mile’. Therefore, the cost of the leg to Colstrip would be
about $6.40/ton. The balance of the 600 mile journey would cost
$11.87/ton for a total of $18.27/ton delivered to the power plant.

Norwest does not believe that trucking the coal to Colstrip is a
viable option for the following reasons:

Unacceptable Environmental and Social Impacts

As stated above, a loaded truck would pass through the
communities of Ashland and Lame Deer about every two minutes,
However, every two minutes an empty truck would also pass
through the towns. This means that, on average, a coal truck would
pass through the towns every minute of the day and night.

Norwest believes the impacts of this traffic on local schools and
other aspects of the communities would be unacceptable and that
approvals would not be granted.

Provided on September 29, 2005 by Mr, Ken Moizer, Sales Director, Savage Industries, a coal

rransportation company.

NORW EST 3187 - OTTER CREEK PROPERTY

CORPORATIOHN SUMMARY REPORT

8.7
L



Unattractive Economics

The higher road transportation cost ($5.67/ton) results in a yearly
penalty of about $56.7 million which means that the $77 million
capital cost of the rail spur (plus the $5-10 million cost of the
additional facilities at Colstrip) would be offset in less than two years.
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EXHIBIT 4

Powder River Basin Coal -- Resource & Cost Study

Campbell, Converse and Sherican Counties, Wyoming

Big Horn, Powder River, Rosebud and Treasure Counties Montana

Prepared for XCEL Energy

Prepared by John T. Boyd Company (Report 3155.001, September 2011)

Filed under Public Service of Colorado Electric Resource Plan 2011 as Exhibit NO. MWR-1
http://www.xcelenergy.com/About Us/Rates & Regulations/Resource Plans/PSCo 2011 Electric Resource Plan

2011 2020
Strip Strip
Ratio Ratio
2012 from from
Production Boyd Boyd
MSHA ID Company Mine (mm tons)(a)  Report Report
4800977 Arch Black Thunder 93.40 3.8 4.6
4801337 Cloud Peak Antelope 32.99 2.9 4.5
4801353 Peabody NARM 109.07 3.0 4.4
4801215 Arch Coal Creek 7.48 2.5 2.5
4800732 Alpha Belle Ayr 24.24 35 4.3
4800992 Cloud Peak Cordero Rojo 38.83 3.6 3.7
4801034 Peabody Caballo 17.81 3.7 3.9
4800083 Black Hills Wyodak 4.29 2.5 25
4801078 Alpha Eagle Butte 21.65 2.6 3.3
4800993 Peabody Rawhide 14.95 1.6 1.9
4801429 WFI/Phillips Dry Fork 5.87 1.2 1.8
4801200 Kiewit Buckskin 18.21 2.4 1.7
Weighted Average Wyoming PRB 388.79 3.2 4.0
2400839 Ambre Decker 2.68 4.5 -
2400910 Westmoreland Absaloka 2.59 3.7 3.7
2401457 Cloud Peak Spring Creek 17.08 2.5 33
2401747 Westmoreland Rosebud 7.56 4.4 3.9
Weighted Average Montana PRB 29.92 33 3.2
Other Mines in Report
Arch Coal Otter Cr 2.3
Consol/Chevron® Youngs Cr (Montana) 4.0
Peabody School Cr. {(Wyoming) 356

{a) 2012 production from MSHA (compiled by Arch Coal)
* Reserve sold to Cloud Peak in 2012
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{thousand short tons)
Coal Exports

Coal Origin State Domestic By Coal By Brokers Total Total
and Regien Distribution Mines & Traders*® Exports Distribution
Alabama 9,222.6 9,030.7 1,127.4 10,158.1 19,380.7
Alaska 10156 12082 . 12082 2,218.8
Arizona 7,872.5 R . . 7,872.5
Arkéhsas ' k 7.2 - k - - 7.2
Colorado ‘ 22,9494 17138 1,286.4 13,0002 25,949.6
inois - 31,679.5 4,641.9 8304 5,472.4 37,151.9
indiana 366339 1200 5222 6422 37,2761
Kansas 311 - - - 31.1
ot ssims semr seor saems sz
o Lo e e R
CWest 396001  1,2050 4245 11,6295 41,2296
i o o e e e o
‘Maryland . 22038 1713 3278 4991 2,702.9
Mississippi 27012 . . . 2,701.2
Missouri 350.3 - - - 350.3
Montana 25,346.4 4,993.6 8,205.0 13,198.7 38,545.0
New Mexico 24,899.6 - - - 24,899.6
North Dakota 28,0885 . . . 28,088.5
Ohio 27,038.1 . - . 27,038.1
e ; T o “ “ ; g
Pennsylvania Total . 42,9360 13,439.8 1,057.4 14,497.2 57,433.2
T ey e e e i
@ituminous 425857 132738 8362 14,1101 56,695.8
kit A e o o
Texas ‘ 46,7253 o : 46,7253
Utah ‘ - . 179576 10807 - 10807 19,038.3
Virginia 14,325.5 10,845.4 . 10,845.4 25,170.9
West Virginia Total 96,145.1 28,633.4 6,412.7 35,046.1 131,191.2
Northern 36,490.4 5,646.1 . 5,646.1 42,136.4
Southern 59,654.8 22,987.4 6,412.7 29,400.1 89,054.8
Wyoming 433,294.9 3,002.2 1,468.8 4,471.0 437,765.9
Appalachian Total 249,805.8 64,449.3 12,1115 76,560.8 326,366.6
interior Total 162,356.4  5966.9 1,777.1 ' 7,744.0 170,100.4
Western Total 561,424.4 11,993.5 10,960.2 22,953.8 584,378.2
East of Mississippi River 360,420.5 70,416.2 13,888.6 84,304.8 444,725.3
West of Mississippi River 613,166.1 11,993.5 10,960.2 22,953.8 636,119.9
U.S. Total 973,586.7 82,409.7 24,848.9 107,258.6 1,080,845.2

* The coal exports by brokers/traders are estimated data.

- = Mo data are reported,

Note: The cosl imports are excluded in this report. Total may not egusl sum of components because of independent rounding,

Sources: U.S. Energy Information Administration Form EIA-923, "Power Plant Operations Report,” Form EIA-3, "Quarterly Coal Consumption and Quality Report,
Manufacturing and Transformation/Processing Coal Plants and Commercial and institutional Coal Users,” Form EIA-5, "Quarterly Coai Consumption ang Quality
Report, Coke Plants,” Form EIA-7A, “Coal Production and Preparation Report,” and Bureau of the Census, U.S. Department of Commerce, "Monthly Report EM

545."




US Census Foreign Trade Statistics

2012 is through November

Year District Name  District State  Fuel Code

2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2012 Seattle WA
2011 Seattle WA
2011 Seattle WA
2011 Seattle WA
2011 Seattle WA
2011 Seattle WA
2011 Seattle WA
2011 Seattle WA
2011 Seattle WA

Anthracite Coal
Anthracite Coal
Bituminous Coal
Coal - generic

Coal Based Synfuel
Lignite Coal

Lignite Coal

Lignite Coal

Lignite Coal

Lignite Coal
Liquefied Natural Gas
Subbituminous Coal
Subbituminous Coal
Subbituminous Coal
Subbituminous Coal
Waste Coal

Waste Coal

Waste Coal

Waste Coal

Waste Coal

Waste Coal

Waste Coal

Waste Coal
Anthracite Coal
Anthracite Coal
Bituminous Coal
Bituminous Coal
Coal - generic

Coal - generic

Coal Based Synfuel
Lignite Coal

Transaction Type
Export
import
Import
Import
Export
Export
Export
Export
Export
Import
Export
Export
Export
Export
Export
Export
Export
Export
Export
Export
Export
Export
Export
Export
Import
Export
Import
Export
Import
Import
Export

Country Name
Canada
China
Canada
Canada
China
Canada
China
Japan
Thailand
Canada
Canada
Australia
China
South Korea
Taiwan
Brunei Darussalam
Canada
Japan
Malaysia
Singapore
South Korea
Taiwan
Thailand
Canada
China
Canada
Canada
South Korea
Canada
China
Canada

Fuel Quantity  Unit of Measurement

106 Metric Tons
600 Metric Tons
20519 Metric Tons
19 Metric Tons
131 Metric Tons
70 Metric Tons
537 Metric Tons
18 Metric Tons
539 Metric Tons
849 Metric Tons

3590 Thousand of Cubic Meters

151510 Metric Tons
313391 Metric Tons
3344579 Metric Tons
91143 Metric Tons
18 Metric Tons

228 Metric Tons
146 Metric Tons

11 Metric Tons

64 Metric Tons

211 Metric Tons

50 Metric Tons

6 Metric Tons

470 Metric Tons
2077 Metric Tons

7 Metric Tons
43469 Metric Tons
435649 Metric Tons
39 Metric Tons

96 Metric Tons
1709 Metric Tons

Number of Transactions

N R I e

N [
WO W N D

226

SR kS N e e Y 00 R 00 TN O

b
B s B Y]

EXHIBIT 6



2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2011 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle
2010 Seattle

WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

Lignite Coal

Lignite Coal

Lignite Coal

Lignite Coal
Liquefied Natural Gas
Subbituminous Coal
Subbituminous Coal
Subbituminous Coal
Subbituminous Coal
Waste Coal

Waste Coal

Waste Coal

Waste Coal

Waste Coal

Waste Coal

Waste Coal

Waste Coal
Bituminous Coal
Bituminous Coal
Coal - generic

Coal - generic

Coal - generic

Coal - generic

Coal Based Synfuel
Lignite Coal

Lignite Coal

Lignite Coal

Lignite Coal
Liguefied Natural Gas
Waste Coal

Waste Coal

Waste Coal

Waste Coal

Waste Coal

Export
Export
Export
Import
Export
Export
Export
Export
Export
Export
Export
Export
Export
Export
Export
Export
Import
Export
Import
Export
Export
Export
Re-Export
Import
Export
Export
Export
Import
Export
Export
Export
Export
Export
Export

China

India

South Korea
Canada
Canada
Australia
China
Japan
South Korea
Canada
Japan
Malaysia
Singapore
South Korea
Taiwan
Thailand
Canada
Canada
Canada
Australia
China
South Korea
Canada
China
Canada
China
South Korea
Canada
Canada

Brunei Darussalam

Canada
Japan
Malaysia
Singapore

80 Metric Tons
20 Metric Tons
20 Metric Tons
693 Metric Tons

5540 Thousand of Cubic Meters

302278 Metric Tons
156941 Metric Tons
13535 Metric Tons
3501534 Metric Tons
147 Metric Tons
107 Metric Tons

7 Metric Tons

49 Metric Tons

115 Metric Tons

15 Metric Tons

6 Metric Tons

34 Metric Tons
41418 Metric Tons
82629 Metric Tons
105479 Metric Tons
723585 Metric Tons
2302727 Metric Tons
1450 Metric Tons
1093 Metric Tons
1450 Metric Tons
597 Metric Tons

38 Metric Tons

495 Metric Tons

1641 Thousand of Cubic Meters

26 Metric Tons
302 Metric Tons
90 Metric Tons
3 Metric Tons
28 Metric Tons
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Most U.S. coal exports went to European and Asian markets in 2011 - Today in Energy - ... Page 1 of 2
EXHIBIT 7

é/;ﬁj US. Energy Information

ela Administration

Today in Energy

June 18, 2012

Most U.S. coal exports went to European and Asian markets in 2011

1.8, coal export destinations by region, 2001.2011 N
million short tons Cla

0 s = FOE e G E e [ 31t h AmieriCE
&0 - South America = Africa = Sustralia and Oceania

50
40
30
20
10

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Source: U.S. Energy Information Administration, based on U.S. Bureau of the Census.
Download CSV Data

Coal ex{:eori:; to European and Asian markets represented 76% of total U.S. coal exports in 2011 (see chart above). While
European markets have traditionally received a significant portion of U.S. coal exports, the share of coal exported to Asian
markets is up since 2009 because of growth in sales to South Korea, China, and India. In 2011, total annual coal exports
were up 31% compared to 2010, reaching 107 million short tons, due largely to rising exports to Europe and Asia.

Coal exports come in two forms: metallurgical coal, which can be used for steel production, and steam coal, which can be
used for electricity generation. Metallurgical coal dominated U.S. coal exports in 2011 (see chart below); metallurgical coal
exports totaled about 70 million short tons compared to about 38 million short tons for steam coal. Demand was high for
metallurgical coal in European, Asian, and South American markets.

U.S. coal export destinations by region and by type, 2011 -
million short tons cia
60

mmetallurgical coal ®steam coal

20
; W o

Eiﬁ’@i’}ﬁ %zzzgih Amernca ?%Egzﬁ:i*i Amenca ;%fﬁf‘a

http://www.eia.gov/todayinenergy/detail.cfm?id=6750 2/4/2013
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Most U.S. coal exports went to European and Asian markets in 2011 - Today in Energy - ... Page 2 of 2

Source: U.S. Energy Information Administration, based on U.S. Bureau of the Census.
Note: in addition, the United Stated exported 333,503 short tons of steam coal (less than 1% of total steam coal

exports) to Australia and Cceania coliectively in 2011, The United States did not export metallurgical coal to this
region.

Download CBV Dats

Here is the coal export summary by region for 2011

+ Europe. The Netherlands (11 million short tons) and United Kingdom (7 million short fons) ranked in the top 10
destinations for both U.S. metaliurgical coal exports and steam coal exports. Germany (5 million short tons), France (4
miflion short tons), and Belgium (3 million short tons) ranked among the top 10 U.S. steam coal destinations, while
ltaly (8 million short tons) and Ukraine (5 million short tons) ranked among the {op 10 U.S. metallurgical coal
destinations.

« Asia. South Korea (10 million short tons) ranked in the top 10 destinations for both U.S. metallurgical coal exports and
steam coal exports. In fact, South Korea ranked first for U.S. steam coal destinations. Japan (7 million short tons),
China (8 million short tons), and India (5 million short tons) ranked 3rd, 6th, and 9th, respectively, in the top 10
destinations for U.S. metallurgical coal exports.

« South America. Brazil (9 million short tons) ranked number 1 for U.S. metallurgical coal destinations, and Chile (2
million short tons) appeared on the list of top 10 U.S. steam coal destinations.

+ North America. Steam coal exports to Canada and Mexico accounted for 12% of total steam coal exports in 2011,
Canada also received 6% of total U.S. metallurgical coal exports.

= Africa. Morocco ranked 6th in the top 10 destinations for U.S. steam coal exports with 3 million short tons.

Several major factors contributed to the rise of U.S. coal exports in 2011. In general, coal use abroad continued to grow. U.S.
coal exports helped to meet rising Asian demand and provided coal for other emerging markets. Falling domestic coal
consumption (down 4.6% in 2011) along with a slight increase in U S, coal production (0.9%) freed up more coal to export. A
series of international coal supply disruptions in 2011 in traditional supply areas such as Australia, Indonesia, and Colombia
meant that Asian countries needed to secure coal supplies from alternative markets. Rising spot natural gas prices in
Europe, up about 35% in 2011, prompted European electricity generators to use more coal.

http://www.eia.gov/todayinenergy/detail.cfm?id=6750 2/4/2013



EXHIBIT 8

A4E02013 Early Release Overview

Projections in the Ars «al Energy Outlook 2013 (AEQ2013) Reference case focus on the factors that shape U.S. energy markets through
2040, under the assumption that current laws and regulations remain generally unchanged throughout the projection period. This
early release focuses on the AEC2013 Reference case, which provides the basis for examination and discussion of energy market trends
and serves as a starting point for analysis of potential changes in U.S. energy policies, rules, or regulations or potential technology
breakthroughs. Readers are encouraged to review the full range of cases that will be presented when the complete AFQ2013 is released
inearly 2013, exploring key uncertainties in the Reference case. Major highlights in the AEQ2013 Reference case include:

The advent and centinuing improvement of advanced crude oil production technologies continue to lift projected domestic supply
Domestic production of crude oil increases sharply in AEO2013, with annual growth averaging 234 thousand barrels per day (bpd)
through 2019, when production reaches 7.5 million bpd (Figure 1), The growth results largely from a significant increase in onshore
crude oil production, particularly from shale and other tight formations. After about 2020, production begins declining gradually
to 6.1 miltion bpd in 2040 as producers develop sweet spots first and then move te less productive or less profitable drilling areas.

Relatively low natural gas prices, facilitated by growing shale gas production, spur mcreased use in the industrial and electric power
sectors, particularly over the next 15 years. Natural gas use (excluding lease and plant fuel) in the industrial sector increases by 16
percent, from 6.8 triflion cubic feet per year in 2011 to 7.8 trillion cubic feet per year in 2025. Although natural gas also continues
to capture a growing share of total electricity generation, natural gas consumption by power plants does not increase as sharply
as generation because new plants are very efficient. After accounting for 16 percent of total generation in 2000, the natural gas
share of generation rose to 24 percent in 2010 and is expected to continue increasing, to 27 percent in 2020 and 30 percent in
2040. In the AEO2013 Reference case, natural gas also reaches other new markets, such as exports, as a fuel for heavy-duty
freight transportation (trucking), and as a feedstock for producing diesel and other fuels.

AEOZO?S mcorporates the greenhouse gas (GHG) and corporate average fuel economy (CAFE) standards for light-duty vehicles
(LDVs)' through the 2025 model year, which increases the new vehicle fuel economy from 32.6 miles per gallon (mpg) in 2011 to
47.3 mpg in 2025. The increase in vehicle efficiency reduces gasoline use in the transportation sector by 0.5 million bpd in 2025
and by 1.0 million bpd in 2035 in AEO2013 compared to the Annual Energy Outlook 2012 (AEO2012) Reference case (Figure 2).
Furthermore, the improved economics of liguefied natural gas
(LNG) for heavy-duty vehicles results in an increase in natural
gas use in heavy-duty vehicles that offsets a portion of diesel
fuel consumption. The use of petroleum-based diesel fuel is
also reduced by the increased use of diesel produced using
gas-to-liquids (GTL) technology. Natural gas use in vehicles
reaches 1.7 trillion cubic feet (including GTU by 2040,
displacing 0.7 million bpd of other motor fuels.?

Tight oil

U.S. dry natural gas production increases throughout the
projection period (Figure 3), outpacing domestic consumption
by 2020 and spurring net axm?fs of natural gas. Higher
volumes of shale gas production in f’iiu‘?f‘“aé are central to
higher total gfméu’*%w volumes and an earlier transition to
ﬁe* exports tha s projected in the AEOZ01Z Reference

f

i

’ ase, U.S. e&f,‘;ot NG from domestic sources rise to
U e = U ' gspfsxg;‘sﬁa%e’i 1.6 zré ort cubic fest in 2027, almost double
1990 2%{} 2010 2020 2030 2040 the 0.8 trillion cubic feet projected in AEO2012.
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A

industrial production grows more rapidly in AEQZ013 due to the benefit of strong growth in shale gas production and an extended peried
of relatively low natural gas prices, which lower the costs of both raw materials and energy, particularly through 2025, Specific industries
benefit from the greater availability of natural gas at relatively low prices. For example, industrial production grows by 1.7 percent per
year from 2011 to 2025 in the bulk chemicals industries—which also benefit from increased production of natural gas liguids—and
by 2.8 percent per year in the primary metals industries, as compared with 1.4 percent and 11 percent per year, respectively, in the
AEQ2012 Reference case. In the long term, growing competition from abroad in these industries limits output growth, as other nations
develop and install newer, more energy-efficient facilities. The higher leve!l of production also leads to greater industrial natural gas
demand (excluding lease and plant fuel), which grows to more than 8.3 quadrillion Btu in 2035 in AEQ2013, compared to 7.2 quadrillion
Btu in 2035 in AEQ2012. Most of the increase in industrial energy demand is the result of higher output in the manufacturing sector,

R FHOR JiivivE

The share of generation from renewables grows from 13 percent in 201 {0 16 percent in 2040, Electricity generation from solar
and, to a lesser extent, wind energy sources grows as recent cost declines make them more economical, However, the AEQ2013
projection is less optimistic than AEO2012 about the ability of advanced biofuels to capture a rapidly growing share of the liquid
fuels market. As a result, biomass use in AEQ2013 totals 4.2 quadrillion Btu in 2035 (compared to 5.4 quadrillion Btu in AEO2012)
and 4.9 quadrillion Btu in 2040, up from 2.7 quadrillion Btu in 2011

i

HaeN: s pomala move i 5 pee s foved il

Total U.S. energy-related CO, emissions do not return to their 2005 level (5,997 million metric tons) by the end of the AEQ2013
projection period (Figure 4). Emissions from motor gasoline demand in AEQ2013 are lower than in AEQZ012 as a result of the
adoption of fuel economy standards, biofuel mandates, and shifts in consumer behavior. Emissions from coal use in the generation

of electricity are lower as power generation shifts from coal to lower-carbon fuels, including natural gas and renewables.

In preparing the AEQZ013 Reference case, the U.S. Energy Information Administration (EIA) evaluated a wide range of trends
and issues that could have major implications for U.S. energy markets. This overview presents the AEO2013 Reference case and
compares it with the AEO2072 Reference case released in June 2012 (see Table 1 on pages 15-16). Because of the uncertainties
inherent in any energy market projection, the Reference case results should not be viewed in isolation. Readers are encouraged to
review the alternative cases when the complete AEO2013 publication is released, in order to gain perspective on how variations in
key assumptions can lead to different outlooks for energy markets.

To provide a basis against which alternative cases and policies can be compared, the AEO2013 Reference case generally assumes
that current laws and regulations affecting the energy sector remain unchanged throughout the projection (including the
implication that laws that include sunset dates do, in fact, end at the time of those sunset dates). This assumption helps increase
the comparability of the Reference case with other analyses, clarifies the relationship of the Reference case to other AEO2013
cases, and enables policy analysis with less uncertainty regarding unstated legal or regulatory assumptions.

Shale gas

0 2 ; [ o ! o S =)
2010 2015 2020 2025 2030 2035 2040 1980 2000 2010 2020 2030 2040
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As in past editions, the complete AEO2073 will include additional cases, many of which reflect the impacts of extending a variety
of current energy programs beyond their current expiration dates and the permanent retention of a broad set of programs that
currently are subject to sunset provisions. In addition to the alternative cases prepared for AEO2013, EIA has examined proposed
policies at the request of Congress over the past few years. Reports describing the results of those analyses are available on
EiA's website.”

Key updates made for the AEQ2013 Reference case include the following:

*

»

Extension of the projection period through 2040, an additional five years beyond AEQZ012.

Adoption of a new Liguid Fuels Market Module (LFMM) in place of the Petroleum Market Module used in earlier AEOs provides
for more granular and integrated modaling of petroleum refineries and all other types of current and potential future liguid fuels
praduction technologies. This allows more direct analysis and modeling of the regional supply and demand effects involving
crude oil and other feedstocks, current and future processes, and marketing to consumers.

A shift to the use of Brent spot price as the reference ol price. AEO2013 also presents the average West Texas Intermediate
(WT1 spot price of light, low-suifur crude oil delivered in Cushing, Oklahoma, and includes the U.S. annual average
refiners’ acquisition cost of imported crude oil, which is more representative of the average cost of all crude oils used by
domestic refiners,

A shift from using regional natural gas wellhead prices to using representative regional natural gas spot prices as the basis of
the natural gas supply price. Due to this change, the methodology for estimating the Henry Hub price was revised.

Updated handling of data on flex-fuel vehicles (FFVs) to better reflect consumer preferences and industry response, FFVs are
necessary to meet the Renewable Fuels Standard (RFS), but the phasing out of CAFE credits for their sale and limited demand
from consumers reduce their market penetration.

A revised outlock for industrial production to reflect the impacts of increased shale gas production and lower natural gas
prices, which result in faster growth for industrial production and energy consumption. The industries affected include, in
particular, bulk chemicals and primary metals.

Incorporation of a new aluminum process flow model in the industrial sector, which allows for diffusion of technologies through
choices made among known commercial and emerging technologies based on relative capital costs and fuel expenditures and
provides for a more realistic representation of the evolution of energy consumption than in previous AEOs.

An enhanced industrial chemical model, in several respects: the baseline liquefied petroleum gas (LPG) feedstock data have
been aligned with 2006 survey data; use of an updated propane-pricing mechanism that reflects natural gas price influences in
order to allow for price competition between LPG feedstock and petroleum-based (naphtha) feedstock; and specific accounting
in the Industrial Demand Model for propylene supplied by the LFMM.

Updated handling of the U.S. Environmental Protection Agency’s (EPA) National Emissions Standards for Hazardous Air
Pollutants for industrial boilers and process heaters to address the maximum degree of emissions reduction using maximum
achievable control technology. An industrial capital expenditure and fuel price adjustment for coal and residual fuel has been
applied to reflect risk perception about the use of those fuels relative to natural gas.

« Augmentation of the construction and mining models in
S0, emissions, the Industrial Demand Model to better reflect AEO2013
assumptions regarding energy efficiencies in off-road
vehicles and buildings, as well as the productivity of coal,

History 2005 2011 Projections ) :
; oil, and natural gas extraction.
; * Adoption of final model year 2017 to 2025 GHG emissions
6 fﬂmwﬁwf% R and CAFE standards for LDVs, which increases the
_ : e projected fuel economy of new LDVs to 47.3 mpg in 2025,
5 = : ) )
: = Updated handling of the representation of purchase
: o decisions for alternative fuels for heavy-duly vehicles,
4 ‘ Energy-related CO; emissions Market factors used to calculate the }Eeiat%a;a e
b Mgk agio 58 S casuiate nge ative =
{billion metric tons) i,f {“‘, e o ’ i | ost of
alternative-fuel vehicles, specifically natural gas, now
3 ; 2005 2020 2040 S Mii; S S T
E 500 B4t 589 represent first buyer-user behavior and slightly longer
5 : L 80%  54% breakeven payback periods, significantly increasing the
{change from 2005} demand for natural gas fuel in heavy trucks,
1 : ~ » Updated modeling of LNG export potential, which includes
: a rudimentary assessment of pricing of natural gas in
o . : : : Z international markets,
1990 2000 2010 2020 2030 2040
35ae "Congressional Requests” website v
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+ Updated power generation unit costs that capture recent cost declines for some renewable technologies, which tend to lead to
greater use of renewable generation, particularly solar technologies

» Reinstatement of the Clean Alr Interstate Rule (CAIR) after the court's announcement of intent to vacate the Cross-State Alr
Poliution Rule (CSAPR).

+ Modeling of California's Assembly Bill 32, the Global Warming Solutions Act (AB 32), that allows for representation of a
cap-and-trade program developed as part of California’s GHG reduction gﬁa s for 2020. The coordinated regulations include
an enforceable GHG cap that will decline over time. AEO2013 reflects all covered sectors, including emissions offsets and
allowance allocations.

» Incorporation of the California Low Carbon Fuel Standard, which requires fuel producers and importers who sell motor gasoline
or diesel fuel in California to reduce the carbon intensity of those fuels by 10 percent between 2012 and 2020 through the
increased sale of alternative low-carbon fuels

The recovery from the 2008-09 recession continues on a slow path in the AEQ2013 Reference case. Consumer confidence surveys
are still roughly 25 percent below prerecession levels nearly two years after the official end of the recession in 2009. The slower
economic growth in the early years of the projection has implications for the long term, with a lower economic growth rate leading
to a slower recovery in employment.

Table 2 compares key long-run economic growth in the AEO2013 and AEQ2012 Reference cases to growth rates experienced
during the past 30 years. Even though overall GDP growth is slightly lower in the AEO20713 Reference case than the historical
period, import growth is slower than export growth, allowing more of the domestic production to satisfy domestic demand. As a
result, industrial production growth is higher in AEQ2013 than in AEQ2012.

Beyond 2013, the economic assumptions underlying the AEO2013 Reference case reflect trend projections that do not include
short-term fluctuations. Economic growth projections for 2013 are consistent with those published in EIA's September 2012 Short-
Term Energy Qutlook.

Oil prices are influenced by a number of factors, including some elements that have mainly short-term impacts. Others, such
as expectations about future world demand for petroleum and other liquids and production decisions by the Organization of

AE02012 1980-2010
U.S. Indicators
Real GDP 25 2.8 27
Real disposable income 2.3 2.5 2.9
Real consumer spending 2.2 2.3 3.0
Real private investment 4.0 4.2 2.8
Real exports 55 59 53
Real imports 38 41 8.2
Real government expenditures 06 0.5 2.2
Federal funds rate (average rate over period) 34 is 58
Unemployment rate (average rate over period) 59 g4 8.3
Cutput per hour in nonfarm business 1.9 1.8 21
international indicators
Real GDP: Major trading countrie 1.8 1.8 2.4
Real GO rf Gt%w “33‘;%’3” ”am‘;{ 4.0 4.2 4.5
gc? ;,;em:ﬁ from z{“ﬂ 1o 2035, ’ ’ ’
“Maior U S, trading partners include Australia, Canada, Switzerland, United Kingdom, Japan, Sweden, and the Eurozone.
Other tra %ag partners include Argentina, Brazil, Chile, C%éé;ta, olombia, Mexico, Hong Kong, indonesia, india, israel, Korea, Malaysia, Phili es,

nd, Talwan, and Venszuela
Analysis; Federal Qesawé and U.S. Bureau of Labor Statistics, Projections: AEC2013 National Energy
L and AECZ012 National Energy Modeling System, run REF2012.0020112¢C,

Russiz, Saudi Arabia, Singapore, Th
Saurce: History: U.S. Bureau of Economi
Modeling System, run REF2013.070233

4 LS. Energy Information Administration | Annual Energy Outlook 2013 Early Release Overview



the Petroleum Exporting Countries (OPEC), affect prices over the longer term. Supply and demand in the world oil market are
balanced through responses to price movements, and the underlying supply and demand expectations are both numerous and
complex. The key determinants of long-term petreiegm and other liquids supply and prices can be summarized in four broad
categories: the economics of non-OPEC petroleumn liguids supply; OPEC investment and production decisions; the economics of
other wqundf: supply; as‘d world demand far petroleum and eiher qa ids.

. For AEQ2073, the oil price is represented by spot prices f@r;g%t sweet Intercontinental Exchange Bren%cmﬁe@ instead of WT1

~ crude ofl traded on NYMEX. This change was made to better reflect the price refineries pay for imported light, sweet crude
oil and takes into account the divergence of WTI prices from those of globally traded benchmark crudes such as Brent. WTI
prices have diverged from other benchmark crude prices because of insufficient pipeline capacity to move crude oil to and from ¢

~ Cushing, Oklahoma (the location at which WTl prices are quoted), and the growth of midcontinent and Canadian oil production
%at ha« everwhezmed the transportation mffastru ture neeéec to move au@e fr@m Cushmg to the Us. Gu If ef Mexico.

Amang the key assumptions defining the Refe.ren e case over t%’*e projection peri Gd are average economic growth of 1.8 percent per
year for major U.S. trading partners; average annual economic growth in other U.S. trading partners of 4.0 percent; and declining
liquid fuels consumption per unit of GDP. The OPEC market share of total liquid fuels production remains at approximately 40 to 45
percent over the projection period. Production from non-OPEC countries increases to levels above those in AEQ2012. In the AEO2013
Reference case, the Brent spot oil price decreases from $111 per barrel (in 2011 dollars) in 2011 to $96 per barrel in 2015, After 2015,
the Brent price increases, reaching $163 per barrel in 2040 (or about $269 per barrel in nominal dollars) as growing demand leads
to the development of more costly resources (Figure 5). A wide range of price scenarios and discussion of the significant uncertainty
surrounding future world oil prices will be included in the complete AEO2013 publication released in early 2013,

Real prices (in 2011 dollars) for motor gascline and diesel delivered to the transportation sector in the AEQ2013 Reference case
increase from $3.45 and $3.58 per gallon, respectively, in 2011 to $4.32 and $4.94 per gallon in 2040. Although both prices
dip modestly over the early portion of the projection period, increases are steady thereafter. Motor gasoline prices in 2035 are
slightly higher in AEQ2013 than in AEO2012, but diesel prices are considerably higher in 2035. The diesel share of total domestic
liquids production rises, and the gasoline share falls, as a result of incorporation of the model year 2017 to 2025 GHG and CAFE
standards for LDVs. Increasing demand for distillate puts pressure on refiners to increase distiliate yield and results in higher
prices relative to gasoline.

For AEQ2013, the Henry Hub spot price is projected using a new methodology. Previously, the Henry Hub prices were based on the
average national wellhead price and its historical relationship with the Henry Hub price. Given historical correlations, the projected
difference between the Henry Hub price and the national average wellhead price increased as the wellhead price rose over the
projection period. The Henry Hub spot prices in the AEO2013 Reference case are based on natural gas prices that balance the supply
and demand for Gulf Coast natural gas, which contributes to a lower Henry Hub price projection in AEO2073 than in AEOZ012.

With increasing natural gas production, reflecting continued success in tapping the nation’s extensive shale gas resource, Henry

Hub spot natural gas prices remain below $4 per million Btu (2011 dollars) through 2018 in the AEO2013 Reference case. The

resilience of drilling activity, despite low natural gas prices, is in part a result of high crude oil prices, which significantly improve

U the economics of natural gas plays that have relatively high

LRuGe off prices liquids content (crude oil, lease condensates, and natural gas

! liquids). Alsc contributing to growing production volumes

istory Projections are improved drilling efficiencies, which result in a greater

number of wells being drilled more quickly, with fewer rigs
and higher initial production rates.
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After 2018, natural gas prices increase steadily as tight
gas and shale gas drilling activity expands fo meet growing
domestic demand for natural gas and offsets declines in
natural gas production from other sources. Natural gas prices
rise as lower cost rescurces are depleted and production
gradually shifts to less productive and more expensive
resources, Henry Hub spot natural gas prices (in 201 dollars)
reach $5.40 per million Bty in 2030 and $7.83 per million By
in 2040.
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per million Btu in 2011 to $3.08 per million Btu in 2040 (2071 dollars). The upward trend of coal prices primarily reflects an
expectation that cost savings from technological improvements in coal mining will be cutweighed by increases in production
costs associated with moving into reserves that are more costly to mine. The upward trend in the minemouth price of coal in the
AEQ2013 Reference case is similar to the trend in the AEQ2012 Reference case, but the average price through the projection period
in AEO2013 is generally higher, primarily because of the smaller share of total coal production accounted for by production from
lower-cost mines in the West and higher price projections for coking coal.

Following the recent rapid decline of natural gas prices, real average delivered electricity prices in the AEQZ013 Reference case
fall from 9.9 cents per kilowatthour in 2011 to as low as 9.2 cents per kilowatthour in 2015, as natural gas prices remain relatively
low. Retail electricity prices are influenced by fuel prices, particularly natural gas prices. However, the relationship between retall
electricity prices and natural gas prices is complex, and many factors influence the degree to which and the timeframe over which
they are linked. These factors include the share of natural gas generation in a region, the level of costs associated with electricity
transmission and distribution systems not directly linked to fuel costs, the mix of competitive versus cost-of-service pricing, and
the number of customers who purchase power directly from wholesale power markets. As a result, it can take time for fuel price
changes to affect electricity prices, and the impacts will vary from region to region.

In the AEQ2013 Reference case, electricity prices are lower throughout the projection than they were in the AEO2012 Reference
case. Natural gas prices to electricity generators are significantly lower than those in AEQ2012 in the first few years and are
between 3 percent and 5 percent lower from 2025 to 2035, while the cost of coal is higher after 2015, As a result, reliance on
natural gas-fired generation in the electric power sector increases, with lower operating costs per kilowatthour than in AEO2012. In
the long term, however, both natural gas prices and electricity prices rise. Electricity prices in 2035 are 10.1 cents per kilowatthour
(2011 dollars) in the AEO2013 Reference case, compared with 10.3 cents per kilowatthour in the AEQ2012 Reference case. In
AFQ2013, the prices continue rising to 10.8 cents per kilowatthour in 2040.

Frerpy consumiption by seotor

fros

Delivered energy consumption in the transportation sector remains relatively constant at about 27 quadrillion Btu from 2011 to
2040 in the AFO2013 Reference case (Figure 6). Energy consumption by LDVs (including commercial light trucks) declines in the
Reference case, from 16.1 quadrillion Btu in 2011 to 14.0 quadrillion Btu in 2025, due to incorporation of the model year 2017 to
2025 GHG and CAFE standards for LDVs. Despite the projected increase in LDV miles traveled, energy consumption for LDVs
further decreases after 2025, to 13.0 quadrillion Btu in 2035, as a result of fuel economy improvements achieved through stock
turnover as older, less efficient vehicles are replaced by newer, more fuel-efficient vehicles. Beyond 2035, LDV energy demand
begins to level off as increases in travel demand begin to exceed fuel economy improvements in the vehicle stock.

Sales of alternative-fuel vehicles in the AEO2013 Reference case are lower than those in AEQ2012. The majority of the reduction
relative to AEQ2012 is reflected in sales of flex-fuel vehicles (FFVs), which in 2035 are about 1.3 million, or less than one-half the
2.9 million FFV sales in the AEO2012 Reference case. Sales of battery-powered electric vehicles also are considerably lower in
the AEQ2013 Reference case than in AEO20712, with annual sales in 2035 estimated to be about 119,000, or 65 percent lower.
Reductions in battery electric vehicles are offset by increased sales of hybrid and plug-in hybrid vehicles, which grow to about
1.3 million vehicles in 2035—about 20 percent higher than
in the AEQ2012 Reference case. Continued fuel economy
improvement in vehicles using other alternative fuels,
gasoline, and diesel, combined with growth in the use of
hybrid technologies {*sczudmg micro, mild, full, and plug-in
I hybrid vehicles), limit the use of electric vehicles over the
projection. Although about one-half of new LDV sales in
2040 use diesel, alternative fuels, or hybrid technology, only
a small share, less than 1 percent, are all-electric,

History 2011 Projections

Energydemandforheavytrucksincreasesfrom 5.2 quadriilio

Biu in 2071 to 7.1 quadritlion Btu in 2035 {compared with 6. 2
18 guadrilfion Btu in 2035 in the AEQ201Z Referencs case) and
Residential then to 7.6 quadrillion Blu in 2040, Higher industrial cutput
in AEQ2013 leads to greater growth in vehicle-miles traveled
Commercial y freight trucks, which leads to higher energy demand

w/"’ﬂ by heavy vehicles in AEQZ013 as compared with AEQ2012.

5 Factors used to calculate the economic effectiveness of
heavy-duty alternative-fuel vehicles have been updated
0 to represent the travel behavior of first-time buvers and

1986 1990 2000 2{?? it 2020 2030 2040

& U.S. Energy Information Administration | Annual Energy Cutlook 2013 Early Release Overview



economic breakeven hurdles that, when coupled with very competitive natural gas prices, significantly increase demand for
natural gas fuel in heavy trucks. As a result, natural gas use in heavy-duty vehicles increases fo 1.7 trillion cubic feet in 2040,
displacing 0.7 million barrels of liquid fuels per day. The AE02013 Reference case includes the GHG Emissions and Fuel Efficiency
Standards for Medium- and Heaw«@utgf Engines and Vehicles published by the EPA and the National Highway Traffic Safety
Administration in September 20115

Approximately one-third of total US. delivered energy, 24.0 quadrillion Btu, was consumed in the industrial sector in 2011 In the
AFQ2013 Reference case, total industrial delivered energy consumption grows by 16 percent, to 27.8 quadrillion Biu in 2035 (0.8
quadrillion Btu higher than in the AEQ2012 Reference case) and 28.7 quadriliion Btu in 2040. The rate of growth in total industrial
energy consumption is greater from 207 to 2025 than after 2025 in AEQ2013, as industry responds to the lower natural gas prices
resulting from the expansion of shale gas production in the near term. After 2025, increased international competition and rising
natural gas prices as a result of more modest growth in shale gas production lead to slower growth in industrial energy consumption,
The industry that consumes the most energy is bulk chemicals, where energy consumption grows from 5.7 quadrillion Btu in 2011
to 6.6 quadrillion Btu in 2024, before declining to 6.0 quadrillion Btu in 2035 and 5.8 quadrillion Btu in 2040.

The energy-intensive industries initially exhibit strong growth in shipments and energy consumption, but most of the growth
in shipments and energy consumption occurs before 2025, In 2011, the energy-intensive industries constitute 27 percent of
shipments and 63 percent of industrial energy consumption. In 2040, the energy-intensive industry share of shipments falls to
20 percent, and their share of energy consumption falls to 56 percent. Shipments decline noticeably after 2025 for the aluminum,
bulk chemicals, and iron and stee! industries, because those industries are more affected by international competition than others.
Energy use in the energy-intensive industries increases by 0.9 percent per year from 2011 to 2025 and then falls by 0.2 percent
per year from 2025 to 2035.

Non-energy-intensive industries show a different pattern of shipment growth and energy consumption, in part because they are
not affected as much as the energy-intensive industries by international competition and energy prices. Non-energy-intensive
industry shipments and energy consumption grow throughout the period from 2011 to 2035 in the AEO2013 Reference case, with
shipments increasing by 51 percent from 2011 to 2025 and 22 percent from 2025 to 2035, and energy consumption growing at
an annual rate of 1.2 percent from 2071 to 2035 (plastics is the only non-energy-intensive industry that shows a decline in energy
use). However, the rate of growth in their energy consumption from 2011 to 2025 is roughly twice as high as the rate after 2025,
because growth in shipments is slower after 2025, In 2035, the non-energy-intensive industries constitute 53 percent of total
industrial shipments and 41 percent of industrial energy consumption.

Two new environmental policies that affect parts of the industrial sector are incorporated in the AEQ2013 Reference case.
California’s AB 32 is a comprehensive law [imiting the state’s GHG emissions, including those from stationary sources; and the
extension of the National Emissions Standards for Hazardous Air Pollutants to industrial boilers and process heaters addresses
the maximum degree of emission reduction possible using the maximum achievable control technology (Boiler MACT). Although
both AB 32 and the Boiler MACT policies have minimal effects on industrial energy consumption, AB 32 results in a relatively low
GHG allowance price, as is also shown in California’s own analyses.”

sreiil

Res dential delivered energy consumption remains roughly constant in the AEQ2013 Reference case from 2011 to 2040, reflecting
consumption levels lower than those in AEQZ2012. Delivered electricity consumption is 5.7 quadrillion Btu and natural gas
consumption is 4.3 quadrillion Btu in 2035 in the AEQ2013 Reference case, compared with 5.9 quadrillion Btu and 4.8 guadrillion
Btu, respectively, in the AEQ2012 Reference case. The lower consumption levels in the AEO2013 Reference case are explained in
part by a change in the handling of data on heating and cooling degree days in the projection. The AEO2013 Reference case uses
a 30-year trend of historical data as the basis for degree days in both the residential and commercial sectors. Previously, average
data for the most recent historical decade were used to represent degree days for the projection period without reflecting any
trand over time, which tended to underestimate cooling demand and overestimate heating demand, The change, in combination
with updated population projections, resulis in 6 percent fewer population-weighted heating degree days and 12 percent more
population-weighted cooling degree days in 2035, which reduces energy consumption for space heating and increases energy
consumption for space cooling. Since more energy is consumed for heating than couoling, this results in a net reduction of delivered
energy in AEDZ013 when compared with AECZ0712.

The updated technology and cost parameters for residential lighting lead to lower electricity consumption. The first round of
standards in the Energy Independence and Security Act of 2{}“? (E! SA} e implemented in years 2012 through 2014, with 2014
lighting consumption about 18 percent below its 2071 level EiSA also %35 shed a second-tier standard in 2020, In the AEO2012
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Reference case, the standard was assumed to be met with improved, halogen-type incandescent technology; but in AEO2013,
halogen-type incandescent bulbs are not avallable in 2020 and beyond, and househelids adopt more efficient technologies, such
as compact fluorescent and light-emitting dicde bulbs.

Cemmefc al sector energy consumption grows from 8.6 quadrillion Btu in 2011 to 10.2 quadriliion Btu in 2040 in the AEQ2013
Reference case, slower than in the AEQ2012 Reference case, despite similar growth in square footage in both cases. Growth in
commercial electricity consumption averages 0.8 percent per year fmm 2011 to 2040 in AEQZ2013, lower than the 1.0-percent
average annual growth in commercial floorspace. Changing trends for personal computer adoption, increasing data center
efficiency, and slower-than-expected adoption of new data centers as a result of the recent recession all lead to lower electricity
consumption in the AEQ2013 Reference case than in AEQ2012. In addition, decreasing costs for solid-state lighting technologies
contribute to an increase in shipments throughout the commercial Secma D%S’{!‘%butéd generation and combined heat-and-power
systems generate 63 billion kilowatthours of electricity in 2035, 47 percent more than in the AEOZ012 Reference case, Decreasing
technology costs and rapidly increasing capacity in the near term, especially in existing construction, account for higher levels
of electricity generation in the commercial sector in the AFO2013 Reference case. Growth of natural gas consumption in the
commercial sector continues to average roughly 0.4 percent annually in the AEQ2013 Reference case, similar to the rate in the
AEQ2012 Reference case.

Frergy consumption by primary Tucl

Total primary energy consumption grows by 7 percent in the AEQ2013 Reference case, from 98 quadrillion Btu in 2071 to 104
quadrillion Btu in 2035—2.5 quadrillion Btu less than in AEQ2012—and continues to grow at a rate of 0.6 percent per year,
reaching about 108 quadriilion Btu in 2040 (Figure 7). The fossil fuel share of energy consumption falls from 82 percent in 2011
to 78 percent in 2040, as consumption of petroleum-based liquid fuels falls, largely as a result of the incorporation of new fuel
efficiency standards for LDVs.

While total liquid fuels consumption falls, consumption of domestically produced biofuels increases significantly, from 1.3 quadrillion
Btu in 2011 to 2.1 quadrillion Btu in 2040, and its share of total U.S. liguid fuels consumption grows from 3.5 percent in 2011 to 5.8
percent in 2040. The increases are much smaller than those in AEQ2012, however, as a result of diminished FFV penetration, a
smaller motor gasoline pool for blending ethanol, and reduced production of cellulosic biofuels, which to date has been well under
the targets set by the EISA. (EPA issued waivers that substantially reduced the cellulosic biofuels obligation under the RFS for 2010,
2011, and 2012.) In addition, the production tax credit for cellulosic biofuels is scheduled to expire at the end of 2012

Total U.S. consumption of liquid fuels, including both petroleum-based fuels and biofuels, which was 37.0 quadrillion Btu (189
million bpd) in 2011, increases to 37.6 quadrillion Btu (19.8 million bpd) in 2019 in the AEO2013 Reference case, then declines
to 35.8 quadrillion Btu (18.9 million bpd) in 2035 before rising to 36.1 quadrillion Btu (about 18.9 million bpd) in 2040. Biofuel
consumption increases over most of the projection period. The transportation sector dominates demand for liquid fuels, although
its share (as measured by energy content) declines modestly, from 71 percent of total liquids consumption in 2011 to 70 percent
in 2040.

In the AEQ2013 Reference case, natural gas consumption rises from 24.4 trillion cubic feet in 2011 to 28.7 trillion cubic feet in 2035
(about 21 trillion cubic feet higher than in the AEC2072 Reference case) and continues to grow to 29.5 trillion cubic feet in 2040.
The largest share of the growth is for electricity generation.
Demand for natural gas in the electric power sector increases
from 7.6 trillion cubic feet in 2011 to approximately 9.5 trillion
cubic feet in 2040, with a portion of the growth attributable
to the retirement of 4% gigawatts of coal-fired capacity by
2022 Matural gas consumption in the industrial sector is also
higher in AFQ2013 than was prolected in AEO2072, due to the
rejuvenation of the industrial sector 2s it benefits from surging
shale gas production that is accompanied by slow price
growth, particularly from 201 through 2019, when the price of
natural gas remains below 2070 levels. Some industries, such
as bulk chemicals, are more strongly affected than others,
In the residential sector, natural gas consumption ée&e%s
throughout the projection pericd. Because natural gas |
used in the rasidential sector directly for heating but not i‘::;f
cooling, residential natural gas consumption is affected by the
&-percent reduction in healing degree days described above,

L1qmd hlofuels

Total coal consumption— ﬂf'aé%f‘g the portion of coal-to-
g pe— " : : ; liquids (CTL) consumed as liguids—increases frf} 197
1980 1990 2000 2010 2020 2030 2040 quadrillion Btu (999 million short tons) in 2011 to 20.5
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guadrillion Btu (1,071 million short tons) in 2040 in the AEQ2073 Reference case. Coal consumption, mostly for electric power
generation, falls off through 2016, After 2016, coal-fired eleciricity generation increases slowly as the remaining coal-fired
capacity is used more intensively, but little capacity is added. Coal consumption in the electric power sector in 2035 in the
AEQ2013 Reference case is about 0.6 quadriliion Btu (23 million short tons) lower than projected in the AFO2012 Reference case.
The startup of the first CTL plants is delayed to 2023 in the AFQ2013 Reference case, with penetration of the technology far more
modest than in AEQ2072,

Total consumptionof marketed renewable fuels grows by 1.6 percent per year in the AFO2013 Reference case. Growth in consumption
of renewable fuels results malnly from the implementation of the federal RFS for transportation fuels and state renewable portfolio
standard (RPS5) programs for electricity generation. Marketed renewable energy includes wood, municipal waste, biomass, and
hydroelectricity in the end-use sectors; hydroelectricity, geothermal, municipal solid waste, biomass, solar, and wind for generation
it the electric power sector; and ethanol for gasoline blending and biomass-based diese! in the transportation sector, of which 2.2
quadrillion Btu is included with liquid fuel consumption in 2040, Excluding hydroelectricity, renewable energy consumption in the
electric power sector grows from 1.6 quadrillion Btu in 2011 to 4.5 quadrillion Btu in 2040, with biomass accounting for 24 percent
of the growth and wind 44 percent. Generation of electricity from solar photovoltaic (PV) energy exhibits the fastest growth,
Starting from a small base, PV accounts for 17 percent of total electricity generated from renewable energy sources, excluding
hydropower, in 2040,

Encrgy infensity
Population is a key determinant of energy consumption through its influence on demand for travel, housing, consumer goods,
and services. U.S. energy use per capita was fairly constant from 1990 to 2007, but it began to fall after 2007. in the AF02013
Reference case, energy use per capita continues to decline due to the impacts of improving energy efficiency (e.g., new appliance
and CAFE standards) and changes in the ways energy is used in the U.S. economy. Total U.S. population increases by 29 percent
from 2011 to 2040, but energy use grows by only 10 percent, with energy use per capita declining by 15 percent from 2011 to
2040 (Figure 8).

From 1990 to 2011, energy use per dollar of GDP declined on average by 1.7 percent per year, in large part because of shifts within
the economy from manufactured goods to the service sectors, which use relatively less energy per dollar of GDP. The dollar-value
increase in the service sectors (in constant dollar terms) was 16 times the corresponding increase for the industrial sector over
the same period. As a result, the share of total shipments accounted for by the industrial sector fell from 30 percent in 1991to 22
percent in 2011. In the AEOZ2013 Reference case, the industrial share of total shipments reverses the earlier trend, largely due to the
benefits of increased domestic production of natural gas, and increases to more than 23 percent in 2016, After 2016, however, the
share resumes its decline, falling to less than 22 percent in 2040, Energy use per 2005 dollar of GDP declines by 46 percent from
201 to 2040 in AEO2013 as the result of a continued shift from manufacturing to services (and, even within manufacturing, to
less energy-intensive manufacturing industries), rising energy prices, and the adoption of policies that promote energy efficiency,

CO, emissions per 2005 dollar of GDP have historically tracked closely with energy use per dollar of GDP. In the A£020713
Reference case, however, as lower-carbon fuels account for a larger share of total energy use, CO, emissions per 2005 dollar of
GDP decline more rapidly than energy use per 2005 dollar of GDP, falling by 56 percent from 2005 to 2040, at an annual rate of
2.3 percent per year,

bnergy production and imporis
Net imports of energy decline both in absolute terms and
as a share of total U.S. energy consumption in the AFQ2013
Reference case (Figure 9). The decline in energy imports
reflects increased domestic petroleum and natural gas
production, increased use of biofuels (much of which are

; . .
; produced domestically), and demand reductions resulting

from rising energy prices and the adoption of new efficiency
@ Y

4 s B .
15 o o standards for vehicles. The net import share of total U.S.
Energy use per 2005 dollar of GDP snargy consumption is 9 percent in 2040, compared with 18
/ percent in 2011 (the share was 30 percent in 2005).

LS. production of crude ol in the AFD2013 Reference case
increases from 5.7 million bpd in 2011 to 7.5 million bpd in
2019, 13 percent higher than in AEQ2012 (Figure 10, Despite
a2 decling after 2019, U.S. crude oil production remains
above 6.0 million bpd through 2040. Higher production
9 ) . , volumes result mainly from increased onshore oil praduction,
1980 1080 2000 2040 2020 2030 2040 predominantly from tight (very low permeabifity) formations,
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in AEQ2013, onshore tight oil production accounts for 51 percent of total lower 48 cnshore off production in 2040, up from
33 percent in 20711, As with shale gas, the application of horizontal drilling and hydraulic fracturing significantly increases the
development of tight cil resources. Offshore crude oil production trends upward over time, fluctuating between 1.4 and 1.8 million
bpd, as the pace of development activity quickens and new large development projects, predominantly in the deepwater and
ultradeepwater portions of the Gulf of Mexico, are brought into production.

The faster growth of tight oif production through 2020 in AEC2013 results in higher domestic crude oil production than in AEO2012
throughout most of the projection. Tight oil production declines after 2020 as more development moves into lower-productivity
areas (with lower initial production rates and flatter decline curves), resulting in flattening of production after 2030. Total U.S.
liquids production in AEQ2013 is higher than in AEQ2012 due to increased tight ofl production through 2025; however, lower
production of biofuels and natural gas plant liquids, as well as the decline in tight oil preduction beginning in 2027, results in lower
levels of total domestic liquids production after 2025 in AEQ2013 than in AEGZ012.

U.S. dependence on imported liquid fuels continues to decline in the AEO2013 Reference case, primarily as a result of increased
domestic oll production. Imported liquid fuels as a share of total U.S, liquid fuel use reached 60 percent in 2005 before dipping
below 50 percent in 2010 and falling further to 45 percent in 2071, The import share continues to decline to 34 percent in 2019 and
then rises to about 37 percent in 2040, due to a decline in domestic production of tight oil that begins in about 2021 (Figure 1.

Cumulative production of dry natural gas from 2011 through 2035 in the AEQ2013 Reference case is about 8 percent higher than
in AEQ2012, primarily reflecting continued increases in shale gas production that result from the dual application of horizontal
drilling and hydraulic fracturing. Another contributing
factor is ongoing drilling in shale and other plays with high

e R concentrations of natural gas liquids and crude oil, which, in
History 2005 2011 Projections 2035 energy-equivalent terms, have a higher value than dry natural

Exiis:

125
gas. Cumulative production levels for tight gas and coalbed
: methane exceed those inthe AEQ2072 Reference case through
100 2035 by 3 percent and make material contributions to the

Consumption overall increase in production. Lower 48 offshore natural gas
production fluctuates between 1.8 and 2.8 trillion cubic feet
per year, about the same as in AEQ2072. New, larger-volume
development projects, particularly in the deepwater Gulf of
Mexico, remain directed principally toward liquids rather than
natural gas. Offshore natural gas production is expected to
reverse a years-long overall decline in about 2015, however,
after which annual volumes generally increase to 2.8 trillion

25 cubic feet in 2035 and remain at about that level through the
balance of the projection period.
0 in the AEQ2013 Reference case, the United States becomes a

1980 1990 2000 2010 2020 2030 2040 net exporter of LNG starting in 2016, as it did in the AEQ2072
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Reference case, and an overall net exporter of natural gas in 2020, two vears earlier than in AEQ2012. US. exports of LNG from
new liguefaction capacity are assumed to start at a level of 0.6 billion cubic feet per day in 2016 and increase to 4.5 billion cubic
feet per day in 2027, as peak export volumes are shipped out of facilities in the Gulf Coast and Alaska, Over the projection period,
cumulative net pipeline imports of natural gas from Canada and Mexico in the AEQ2013 Reference case are considerably lower than
those projected in the AEQ2012 Reference case, with the United States becoming a net pipeline exporter of natural gas in 2021, or
three years earlier than in AEC2072. In the AEQ2073 Reference case, net pipeline imports from Canada fall steadily over most of
the projection period, and net pipeline exports to Mexico grow by 387 percent. U.S. cumulative net LNG exports from 2011 through
2035 are up by 69 percent in AEQ2073 compared with AEOZ012, due in part to increased use of LNG in markets outside North
America, strong domestic production, and low U.S. natural gas prices relative to other global markets. As in the AEO2012 Reference
case, the Alaska natural gas pipeline is not constructed in the AFO2013 Reference case, because assumed high capital costs and
low natural gas prices in the lower 48 states make it uneconomical to proceed with the pipeline project over the projection period.

While coal remains the leading fuel for U.S. electricity generation, its share of total generation in all years is slightly lower in the
AFO2013 Reference case than was projecied in the AFO2012 Reference case, and coal consumption in the electricity sector is
fower than in AEOZ2012 in most years of the projection period. While still growing in most years after 2016, coal consumption in
the power sector and for the production of coal-based synthetic liquids increases more slowly than in AEQZ2012; however, higher
coal exports combined with lower imports keep the differences in coal production between the AEQZ2013 and AEQ2012 Reference
cases relatively small.

In the AEOZ2013 Reference case, domestic coal production increases at an average rate of only 0.2 percent per year, from 22.2
quadrillion Btu (1,096 million short tons) in 2011 to 23.5 guadrillion Btu (1,167 million short tons) in 2040. Over the projection
period, however, production growth is uneven. From 2011 to 2016, low natural gas prices and the retirement of a sizable amount
of coal-fired generating capacity lead to a substantial decline in electricity sector coal consumption, which, in turn, contributes to
a 2.0-guadrillion-Btu decline in coal production over those years, After 2016, increases in coal use for electricity generation and
exports lead to a gradual recovery in U.S. coal production. From 2016 to 2040, coal production grows at an average rate of 0.6
percent per year, from 20.2 quadrillion Btu to 23.5 quadrillion Btu. Regionally, coal producers in both the Interior and Western
regions see their shares of total U.S. coal production increase over the projection period, while Appalachia’s share declines. From
2011 to 2040, the Appalachian region’s share of total coal production (on a Btu basis) falls from 38 percent to 32 percent.

Electricity generation in 2071 accounts for 91 percent of total U.S. coal consumption on a Btu basis. In the AEO2013 Reference
case, projected coal consumption in the electric power sector in 2035 (18.5 quadrillion Btu) is 0.6 quadrillion Btu lower than in the
AEQ2012 Reference case (19.0 quadrillion Btu). The reduced outlook for coal consumption in this sector is generally attributable to
lower natural gas prices and higher coal prices that, taken together, support increased generation from natural gas in the AEO2013
Reference case. More generation from nonhydroelectric renewables also contributes to the reduced outlook for electricity sector
coal consumption in AEO2013. Coal consumed at CTL plants is lower in this year's outlook, reaching 0.2 quadrillion Btu in 2035 as
compared with 1.2 quadrillion Btu in AEQ2072. With a more robust outlook for coal imports by Asian countries, AEO2013 shows
higher U.S. coal exports than AEO2012.

Total U.S. coal consumption increases from 19.7 quadrillion Btu in 2011 to 20.4 quadrillion Biu in 2040, reflecting average growth

of 0.1 percent per year. As with production, growth rates for coal consumption are uneven over the projection, with consumption
declining by 2.7 percent per year from 2011 to 2016, but then increasing by 0.7 percent per year from 2016 to 2040.

Total electricity consumption in the AEO2013 Reference case, including both purchases from electric power producers and on-site
generation, grows from 3,841 billion kilowatthours in 2011 {o 4,930 billion kilowatthours in 2040, an average annual rate of 0.9
percent-—about the same rate as in the AEQ2012 Reference case through 2035,

The combination of slow growth in electricity demand, competitively priced natural gas, programs encouraging renewable
fuel use, and the implementation of new environmental rules dampens future coal use. The AEQ20713 Reference case assumes
implementation of the CAIR as & result of an August 2012 federal court decision ?é vacate the CSAPR. The lower natural gas
prices in the early years of the AEQZ2013 Reference case result in switching from coal to natural gas-fired generation, more than
offsetting any increase in coal-fired generation *ra‘ﬁ might %*av& occurred in the absence of CSAPR. AEO2013 continues 1o model
the implementation of the Mercury and Air Toxics Standards (MATS), although the implementation date is assumed fo move from
2015 to 2016 due to the large number of plants requesting extensions to comply. Once MATS is in place, 50, levels are reduced to
well below the lavels resulting from either CAIR or CSAPR.

Coalremains the largest energy source for electricity generation throughout the projection period, but its share of fotal generation

declines from 42 gggggat in 201110 35 percent in 2040 {Figure 12). Market concerns about GHG emissions continue to dampen
the expansion of coal-fired Wg:zaf’**?y in the AEC2013 Reference case, even under current 33 anié policies, Low projected fusl
prices for new natural gas-fired plants also affect the relative economics of coal-fired capacity, as does the continued rise in
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construction costs for new coal-fired power plants. As retirements far outpace new additions, total coal-fired generating capacity
falls from 318 gigawatts in 2011 to 278 gigawatts in 2040 in the AEQ2013 Reference case.

Electricity generation using natural gas is higher in the AEQ2013 Reference case than was projected in the AEQ2012 Reference case
because of lower projected natural gas prices, New natural gas-fired plants also are much cheaper to build than new renewable or
nuclear plants, In 2016, the year that MATS is assumed to be implemented and coal-fired generation hits its lowest point, natural
gas-fired generation in AEQ2013 is 10 percent higher than in AEO2012 (and in 2035 it is still 9 percent higher),

Electricity generation from nuclear power plants grows by 14 percent in the AEQ2013 Reference case, from 790 billion kilowatthours
in 2011 to 903 billion kilowatthours in 2040, accounting for about 17 percent of total generation in 2040 (compared with 19 percent
in 2011, Nuclear generating capacity increases from 101 gigawatts in 2071 to a high of 114 gigawatts in 2025 through a combination
of new construction (5.5 gigawatts), uprates at existing plants (8.0 gigawatts), and retirements (0.6 gigawatts). After 2025,
retirements outpace additions, resulting in a slight decline to 113 gigawatts in 2040. AEQ2013 incorporates the latest information
about planned nuclear plant construction and continues to use the updated estimate of the potential for capacity uprates at existing
units developed for AEQ2012. About 7 gigawatts of existing nuclear capacity is retired, primarily after 2030, because not all owners
of existing nuclear capacity are expected to apply for and receive license renewals to operate their plants beyond 60 years.

Increased generation from renewable energy, excluding hydropower, accounts for 32 percent of the overall growth in electricity
generation from 2011 to 2040. Generation from renewable resources grows in response to federal tax credits, state-level policies,
and federal requirements to use more biomass-based transportation fuels, some of which can produce electricity as a byproduct
of their production process. Capital costs for new technologies were updated for AEQ2013, resulting in fairly significant initial
cost reductions for wind (13 percent) and solar PV (22 percent) relative to AEOZ012. Reported renewable capacity already under
construction has increased in recent years and is represented in AEO2013. Growth in renewable generation is supported by many
state requirements, as well as new regulations on CO, emissions in California. The share of U.S. electricity generation coming
from renewable fuels (including conventional hydropower) grows from 13 percent in 20711 to 16 percent in 2040. In the AEO2013
Reference case, federal subsidies for renewable generation are assumed to expire as enacted. Extensions of such subsidies could
have a large impact on renewable generation. The long-run projections for renewable capacity are also sensitive to natural gas
prices and the relative costs of alternative generation sources.

Energyv-related OO0, emissions

Total U.S. energy-related CO, emissions do not return to their 2005 level (5,997 million metric tons) by the end of the AEO2013
projection period.® Growth in demand for transportation fuels is moderated by rising fuel prices and new, stricter federal CAFE
standards for model years 2017 to 2025, which reduce transportation emissions from 2018 until they begin to rise near the end of
the projection period. Transportation emissions in 2040 are 26 million metric tons below the 2011 level. Largely as a result of the
inclusion of the new CAFE standards in AEQ2013, transportation-related CO, emissions in 2035 are 94 million metric tons below
their level in the AEQ2012 Reference case.

State RPS requirements and abundant low-cost natural gas help shift the fuel mix for electricity generation away from coal and
reduce emissions in both the residential and commercial sectors from the levels in AEO2012. Growth in residential sector emissions
is flat over the projection period, and commercial sector emissions rise only slightly, by 0.3 percent annually.

Fuel, 19942040 Only industrial energy-related CO, emissions are higher
in AEQ2013 as compared to AEOZ2012. While industrial coal
emissions in AEQ2013 are 48 million metric tons lower
2 than in AEQ2012 by 2035, natural gas emissions from the
! industrial sector are 67 million metric tons higher by 2035,
; and electricity-related emissions allocated to the industrial
} _ sactor are 77 million metric tons higher. With emissions from
| Natu EEM30% petroleumn slightly lower, the net result is that industrial sector

emissions are 80 million metric tons higher in the AEQ2013

Reference case than in AEOZ2012. Over the projection period
16% from 2071 to 2040, industrial emissions grow at a rate of 0.3
percent annually,
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The projected growth rate for US. energy-related CO,
emissions has declined successively in ea i’& Annual Energy
Cutlook since AEQZ005 (see Figure 13, which shows
projections starting with AEQ2009), reflecting both market
and policy drivers. Using 2030 as a common vyear, the
Y o — AEQ20086 projection for total energy-related CO, emissions
1990 2000 2010 2020 2030 2040 was 8,114 million metric tons, with coal accounting for 3,226

Coal kiea

_-Oil and other liquids JEd

“The year 2005 is the base year for the Obama Administration’s goal for emission reductions of 17 percent by 2020, In 2020, energy-related CO,
emissions in the AEQ2013 Reference case are © parcent below thely 2005 level
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million metric tons (40 percent) and natural gas 1,452 million
metric tons (18 percent). In AEOZ010, total energy-related CO,
emissions had dropped to 6,176 million metric tons in 2030,
with 2,296 million metric tons (37 percent) coming from coal
and 1,315 miflion metric tons (21 percent) from natural gas. n
AEQ2013, the 2030 values have fallen to 5,523 million metric
tons for total energy-related CO, emissions, with 1,874 million
metric tons (34 percent) coming from coal and 1,468 metric
tons (27 percent) from natural gas. The change reflects both
market and policy factors, including the adoption of tighter
economy fuel standards, the implemeantation of efficiency
standards, and a continued shift to less carbon-intensive fuels.

AEQ2009

AEQ2013

20056 2010 2015 2020 2025 2030 2035 2040
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AEQ
AEQZ0T1
AEQZ012
AEQ2013
bpd

Btu
CAFE
CAIR
CHP
Cco,

CTL
CSAPR
EIA
EISA2007
EOR

EPA

FFV
GDP
GHG
GTL

Global Warming Solutions Act of 2006
Annugal Energy Outlook

Annual Energy Outlook 2011

Arnnual Energy Outlook 2012

Annual Energy Outlook 2013

barrels per day

British thermal units

Corporate average fuel economy

Clean Alr Interstate Rule

Combined heat and power

Carbon dioxide

Coal-to-liquids

Cross-State Air Poliution Rule

U.5. Energy Information Administration

Energy Independence and Security Act of 2007

Enhanced oil recovery

U.S. Environmental Protection Agency
Flex-fuel vehicle

Gross domestic product

Greenhouse gas

Gas-to-liguids

LDVs
LFMM
NG
MACT
MATS
mpg
NGL
NHTSA
NO,
0cs
OECD

OPEC

PV
RFS
RPS
50,
TRR
USGS

WTI

Light-duty vehicles

Liguid Fuel Market Module

Liguefied natural gas

Maximum achievable control technology
Mercury and Air Toxics Standards

miles per gallon

Natural gas liquids

National Highway Traffic Safety Administration

Nitrogen oxides

Outer Continental Shelf

Organization for Economic Cooperation
and Development

Organization of the Petroleum Exporting
Countries

Photovoltaics

Renewable fuel standard

Renewable portfolio standard

Sulfur dioxide

Technically recoverable resource

United States Geological Survey

West Texas Intermediate
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2025 2035 2040
Energy and economic factors 2010 2011 AEOQ2013 AEQ2012 AEQ2013 AEO2012  AED2013
Primary energy production (quadrillion Btu)
Petroleum 14.37 15.05 18.70 17.89 17.27 16.82 17.01
Dry natursl gas 21.82 23.51 29.22 26.91 32.04 28.60 33.87
Coal 22.04 22.21 22.54 2225 23.60 2414 2354
Nuclear/Uranium 8.43 8.26 9.54 9.60 814 9.28 g.44
Hydropower 2.54 317 2.86 2.99 2.90 3.04 2.92
Biomass 4.05 4,05 527 6.26 5.83 9.07 6.96
Cther renewable energy 1.31 1.58 2.32 222 2.9 2.81 3.84
Other 076 120 085 089 0% 081 089
beé! ’ 75.31 78.02 91.29 88.61 94.59 94.67 98.46
Net imports (quadrillion Btu)
Liguid fuels and other petroleum?® 20.53 18.62 15.89 15.85 16.00 16.09 15.99
Natural gas (- indicates exports) 2.69 2.02 -1.56 -0.78 -2.53 -1.33 -3.55
Coal/other Cindicatesexports) A8 232 302 475 332 2% 28
W'}'otal k 21.64 18.31 11.31 13.34 10.14 12.44 k 9.49
Consumption (quadrillion Btu)
Liquid fuels and other petroleum? 3776 37.02 36.87 36.58 35.82 3770 36.07
Natural gas 24.32 24.91 27.28 26.14 29.06 27.26 29.83
Coal 20.81 19.66 19.35 20.02 20.09 2115 20.35
Nuclear/Uranium 8.43 8.26 9.54 9.60 9.14 9.28 9.44
Hydropower 2.54 317 2.88 2.99 2.90 3.04 2.92
Biomass 2.87 2.74 3.82 417 4.23 544 4.91
Other renewable energy 1.31 1.58 2.32 2.22 2.91 2.81 3.84
Other 0.31 0.35 0.30 0.28 0.26 0.24 0.29
Total 9835 9770 10234  101.99 10441 10693  107.64
Liquid fuels (million barrels per day)
Domestic crude oil production 547 5.67 6.79 6.40 6.26 589 613
Other domestic production 4.25 4.74 563 575 5.56 6.75 5.83
Netimports 9.43 8.51 7.08 714 7.06 7.25 7.00
Consumption 19.17 18.95 19.50 19.20 18.86 19.90 18.95
Natural gas (trillion cubic feet)
Dry gas production + supplemental gas 21.40 23.06 2885 2634 31.41 2799 33.21
Net imports (- indicates exporis) 2.60 1.95 -1.58 -0.79 -2.55 -1.36 -3.58
Consumption 2378 2437 26.87 2553 2871 26.63 25.54
Coal {million short tons)
Production and waste coal 1,088 1,108 1,134 1,134 1184 1,231 1,185
Net exports 84 896 124 71 138 94 123
Consumption 1,049 989 1.010 1,083 1.058 1137 1.071
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’ 2025 o 2035 2040

Energy and economic factors 2010 2011 AEQ2013 AEOQ20712 AEOQ2013 AEQ2012  AEO02013
Prices (2011 dollars)

Brent spot crude oil (dollars per barrel) 81.31 111.26 117.36 - 145 41 - 182.68

West Texas intermediate spot crude oil

{doliars par barrel) 81.08 94 .86 115.36 13535 143.41 148.03 160.68

Matural gas at Henry Hub

(dollars per million Btw) 4.46 398 4.87 575 6.32 7.52 7.83

Domestic coal at minemouth

(dollars per short ton) 36.37 4116 52.02 44.97 58.57 51.59 61.28

Average electricity price

(cents per kilowatthoun) 10.0 9.9 9.5 99 101 103 10.8
Economic indicators

Real gross domestic product

(billion 2005 dollars) 13,063 13,299 18,985 19,185 24,095 24 539 27,277

GDP chain-type price index

(2005 =1.000) 1.110 1134 1.429 1.424 1.713 1758 1.871

Real disposable personal income

(billion 2005 dollars) 10,017 10,150 14,259 14,286 17,752 18,217 19,785

Value of industrial shipments

(billion 2005 dollars) 5,842 6,019 8,548 7.973 9,779 8,692 10,616
Primary energy intensity
(thousand Btu per 2005 dollar of GDP) 7.53 7.35 5.39 532 433 4.36 3.95
Energy-related carbon dioxide emissions

5634 5471 5501 8552 5607 5758 5691

(miflion metric tons)

?includes petroleum-derived fuels and non-petroleum-derived fuels, such as ethanol and biodiesel, and coal-based synthetic liquids. Petroleum coke,
which is a solid, is included. Also included are natural gas plant liquids and crude oil consumed as a fuel.

-- = not applicable,

Notes: Quantities reported in quadrillion Btu are derived from historical volumes and assumed thermal conversion factors. Other production
includes liquid hydrogen, methanol, and some inputs to refineries. Net imports of petroleum include crude oil, petroleum products, unfinished oils,
alcohols, ethers, and blending components. Other net imports include coal coke and electricity. Both coal consumption and coal production include

waste coal consumed in the electric power and industrial sectors,

Sources: AEO2013 National Energy Modeling System, run REF2013.D102312A; and AEG2012 National Energy Modeling System, run

REFZO12.D020112C.
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