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ABSTRACT

The objent of the study is to provide a methodology for /
predioting coal prices in reglonal markets for the target time frames
1985 and 2000 that could subsequently be used to guide the development
of an advanced coal extraction system. The model constructed for the
study is a supply and demand model that focuses on underground mining,
since the advanced technology is expected to be developed for these
reserves by the target years. The supply side of the model is based
un aoal preserve data generated by Energy and Environmental Analysis,
Ine. (EEA). Given this data and the cost of operating & mine (data
from U. S. Department of Energy and Bureau of Mines), the Minimum
Acceptable Selling Price (MASP) is obtained. The MASP is defined as
the smallest price that would induce the producdr to bring the mine
into production, and is sensitive to the current teclinology and to
assumptions concerning miner productivity. Based on this information,
market supply ocurves oan then be generated. On the demand side of the
model, demand by region is caloulated based on an EEA methodology that
emphasizes demand by eleotric utilities and demand by industry. The
demand and supply curites are then used to obtaln the price targets.
This last step is accomplished by allocating the demands among the
suppliers so that the combined cost of producing and transporting aoal
is minimized. p

The results of the study show a growth in the size of the

//xmapkets for acompliance and low sulphur coal regions. A significant

rise in the real price of coal is not expected even by the year 2000.
The model predicts heavy reliance on mines with thick seams, larger

block size and deep overburden.
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FOREWORD

This document is one of a sé?ies that desoribes systems level
requirements for advanced underground coal mining equipment. These
requirements are summarized in Overall Requirements for an Advanced

M%‘ML—EWW' by Martin Goldsmith and Milton L.
Lavin (Reference 4). Five areas of performance are discussed:
} (1) Production cost.
(2) Miner safety.
(3) Miner health.
(4) Environmental impact.
(5)  Recovery efficiency.

This report presents details of a study that projects target

prices for coal reserves sultable for contemporary technology. These
prices will be used in the revenue portion of a later analysis that

will assess the return on investment needed to satisfy production cost
requipements. This report also presents information on transportation

costs anéuthe marketability of various resources useful to the
identification of significant resources not necessarily mineable by

current systems.

This work is part of an effort to define and develop innovative
coal extraction systems suitable for the significant resources
remaining in the year 2000. Sponsorship is provided by the Office of
Mining, United States Department of Energy, via an interagency
agreement with the National Aeronautics and Space Administration.
William B. Schmidt, Director of the Office of Mining, is the Project
Officer.
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EXECUTIVE SUMMARY

This report presents the results of an effort Lo develop an
appropriate set of regional coal price targets for the years 1985 and
2000 to gulde the devolopment of an advanced coal extraction system.
This major research and devolopment project has as its overall
objective the eventual development of the hardware assoclated with a
new undarground coal extraction system which must be both commeracially
attractive to the conl mining industry when developed, and demonstrate
a measurable safety improvement for miners using the system hardware.
Further, there must be no degradation in miner health, conservation,*
or the environment as a result of the adoption of the new technology.
Specifically, the present effort is designed to assist in the
determination of how much more firms would be willing to pay to obtain
the new technology in various coal supply regions and reserve blooks,
and thus, to provide an estimate of the potential marketability in
various target markets. Also, this report is intended to serve as g
guide to the geologic characteristics to which advanced coal i
extractlion technology would be applicable,

Section I identifies the major generic difficulties in doing
long~term forecasting, drawing especially on the results of the 1979
Jet Propulsion Laboratory (JPL) Conference on Coal Models and Their
Use in Government Planning (Reference B). The present research effort
reflects an attempt to mitigate the impact of such conference-
identified forecasting difficulties on the derivation of the target
prices and market for an advanced coal extraction system. JPL
reviewed the existing coal models to determine whether these models
provided the information nacessary to construct such estimates. It
quickly became apparent that none of the existing coal forecasting
models generated sufficiently preclse and comprehensive estimates of
the resource base, mining and transportation costs, and coal demand on
a regional basis. Since it was determined that such estimates were an
absolute necessity as input in the present project, JPL contracted
with Energy and Environmental &nalysis, Inc. (EEA) to develop a set of
the basic data/estimates that could then be utilized to derive the
requisite reglonal price targets. The results of the EEA effort and
JPL's modificaticn and use of the data are the major subjects of this
report.

Section II outlines the methodology used to estimate the
location and magnitude of coal reserves in the year 2000, and the most
salient geologic characteristics of this reserve base. To this end
"inferred" reserves were estimated and added to more traditional
estimates of '"measured" and "indicabed" quantities distributed among
15 supply regions. The results of this procedure are contained in

*Used here, conservation refers to an attempt not to damage coal
reserves proximal to mine areas, they may be cost-effective for
mining at some future date beyond the target year 2000.

ES-1



Table 2~3 (page 2-8). Of the 852,8 billion tons of total reserves
est*mated, over T8 percent (666.7 dillion tons) are estimated to be
padeprground reserves. Of these underground reservaes, over 30 percent
“{204.2 billion tons) are estimated to be in the San Juan Region with
an equal amount in the regliona which collectively comprise Appalachia.

Next, in order to desoribe these reserves with a level of detail
that would facilitatz their linkage to a specific mining method, each
region's total reserves were subdivided into "raserve blooks" of
speoifio tonnage, sulfur content, and major geologlo parameter
values, The result is an initial base reserve estimate broken into a
total of 1164 "resérve blocks" and characterized as one of 180 "mine
types," The form of these initial estimates is illustrated in Table
2=, This result is in turn restructured by keying on underground
mine reserve biocks and the three geologic parameters chosen as having
the largest potential impact on the new technology (seam thickness,
block size, and overburden depth), This allows the number of mine
types to be aggregated from the original 180 to a more mauageable 16.
Table 2-7 (page 2-14) contains a summary of these key mine-type codes
whiech are used in the final regional price target forecasts, while
Table 2~8 (page 2-15) presents the division of the estimated regional
underground raeserves (in terms of a maximum yearly recovery rate)
among these constructed mine types.

Tabie 2-8 shows that the "yyy" mine type contains almost 60
percent of the estimated underground reserves, A “yyy" reserve/mine
has seams greater than 42 inches thiock, a block size of greabter than
20 million tons, and lies under more than 500 feet of overburden. No
other mine-type is estimated to contain more than 18 percent of
estimated underground reserves. Further, if the "yyl" type reserves
(reserves with thick seam, large block size and less than 500 feeb of
overburden) are added to the "yyy" type, a full 75 percent of the
reserves are estimated to lie in these thick seam, large block size
mines.

Section TII addresses the set of methodologies used to eabtimate
the costs of traditionally mining these 1164 reserve blocks in 1985
and 2000 in the form of a Minimum Acceptable Supply Price (MASP). The
MASP concept (of an average supply price per time period) is detailed
and the major assumptions involved identified and eiraluated. Again,
underground mines are the focus. Emphasis 1s plazed on identificabion
and explication of the necessary assumptions involved in constructing
the required mine cost models. Ideally, the JPL moving baseline model
and data would have been available for inclusion by EEA in the work
described in this section (EEA, Final Report, March 7, 1980). However,
glven the fact that the moving baseline was still being developed at
that time, EEA's assumptions of fixed productivity increases over the
period from 198C to 2000 may be viewed as proxies for the more
detailed outpat of the moving baseline.

Section IV describes the derivation of the demand estimates, by

region and coal type, together with the forecast transportation costs
between supply and demand regions. The results of these estimates are

BS-2 R
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a set of forecest reglonal production and market price (MASP) levels
by coal and mine type for the years 1985 and 2000, The latter half of
Section IV ocontains the breakdown and discusaion of this forecast data
according to the 16 underground mine types, and suggeats caveats
regarding the appropriate use of these data in the JIP|, project, The
major results of this section fall into the following two sategories
and are located in the Tables referenced below:

(1)  Coal demand estimates:
(a) Comparative total (Table 4-3, page H-~4).
(b). By sector (Table 4-2, page u~Ui),

(2) Forecasts using these data:

(r) Reglonal production, surface and underground (Table
4.5, page #-9).

(b)) 5egi?na1 and sulfur category MASPs (Table 4-6, page
-11)

(¢) Regional production (2000) by mine type (Table U-7,
page 4-13),

(d) Remaining ragional reserves/taooo) by mine bype or
sulfur category (Taklie 4-8, page U-ll).

The demand estimates, when coipared to the aggregate forecasts
of other major models, appear reasouable in the sense that bhere are
alternative estimates which lie above and below those given here (fop
1985), Likewise, when the estimates utilized in the present study are
broken down into their sectoral components and compared with those
generated by Data Resources, Inec. (DRI), the same conclusions can be
drawn, As we note, howsver, significant increases in the demand for
coal ovar the next 20 years is a possibility with potentially far
reaching (positive) ramifications for the commercial attractiveness
and appropriate development characteristics for an advanced coal
extraction system,

The forecast production levels contained in Table U-5 (page 4-9)
are of signiticant importance. First, while total underground
production is forecast to be essentially the same in 1985 as it was in
1976, it is forecast to increase dramatically (by almost 160 percent)
by 2000. This foreshadows the potential for a large new market for an
advanced underground mining technology. It is important to note that
the largest projected increases in underground production are in
Central Appalachia and the Uinta Basin,

The forecast marginal MASPs for these production levels and
regions are presented in Table U-6 (page 4~11) and indinate that those
of the underground mines in Appalachia and the Uinta Basin are
expected to be $25-30 per ton in 1985 and $26-32 per ton in 2000, and

ES-3



”sbill be competitive in some markets with $7-8 per ton (mine-mouth)

surface ooal from the Montana/North Dakota und Powder River Basin
regiona. These prices are consistent with the National Coal Model
estimates ($23-30 in 1985 depending on supply demand/scenario), are
lower than the ICF/CEM estimates for Central Appalachia for 1990
($29-38) and 1995 ($3..42), and are in the same general rangs #s those
pradicted by Beohtel's RESPONS model. (The above estimates and thelr
models are disoussed further in EEA's Status Report, Reference 1.)

Tables 4-7 and 4-8 preaent the breakdown of forecast regional
production and remaining reoserves by mine typa, The primary intergat
is in thiok seam, large block size mines., It should be noted that 24
million tons per year are forecast to be mined from Ulnta region with
overburden of more than 500 fest (this will be 70 percent of
production from all such minea). On the other hand ~nly 0,2 million
tons are forecast to be extrasted from Central Appalachian mines with
the smame characteristics (note that 80 miliion tons are forecast for
all thick seam, large bloock size mines regardlass of the overburden in
Caentral Appalachia). The characteristics of remaining reserves in
2000 presented an Table 4-8 provide additional data relevant to tle
choice of target markets and technical features desirable in an
advanced coal extraction system. The final section of Part IV
contains sugpestions of the most appropriate ways this data may be
used.

Finally, Section V summarizes the qualifications associated with

the data and makes recommendations concerning its future modifications
and refinemerits.

ES~4



SECTION I
INTRODUCTION AND STUDY OBJECTIVES

This report praesents the initial attempt at derlving & set of
reglonal coal price estimates baaed on forecasts of supply and demand
conditions for the target time frames 1985 and 2000. These forecasts
will in large part determine the degrese to which a newly developed
advancad coal extraction system will be commercially attractive, i.e.,
such a aystem must be profitable enough to induce people to buy it.
Therefore, it is arucial that such a system be no more goatly per
oxtracted ton than those systems with which it can be expeated ko
compatae in the 1985 and R000 target time frames.

In addition, it has been determined that the system to be
developed must demonstrate a measurable improvement in the safety of
the miners using it, with no unfavorable impaots on mingr health,
consarvation, oh environmental factors, This simultaneous considera-
tion of the profitability, miner health and safeby, conservation, and
environmental impact performance goals largely explains the need for
such an effort outside the coal industry itself, While one might
suppose that basio economic incentives would drive the industry
members to see their own self-interest in the development of a more
productive and cost-effective method of extraction, it is unlikely
that the remaining performance goals would enter their ressarch and
development process except as regulatory constrainbs.

A, STUDY APPROACH

Since the "commercial attractiveness" goal for the advanoced
underground system requires knowledge and comparison of the reglonal
"target" prices, JPL reviewed the existing coal models to determine
whether these models provided the information necessary to oconstruct
such estimates. It quickly became apparent that none of the existing
coal forecasting models generated sufficlently precise and comprehen-
sive estimates of the resource base, mining and transportation costs,
and coal demand on a reglional basis. Since it was debtermined that
such estimates were an absolute necessity as input in the preaent
projeci, JPL contracted with Energy and Environmental Analysis, Inc,,
to develop a set of the basic data/estimates which could then be
utilized to derive the requisite regional price targets. The results
of the EEA effort and JPL's modification and use of EEA's data are the
major subjacts of this report.

In the process of constructing a model to forecast such regional
coal price targets, the ildeal methodology would be to first define the
"market environment" in which the innovation to be developed would
have to exist. This would involve the estimation of the demand
conditions expected to prevail for the coal. This information, along
with data on the conventional supply of ceal, would yield an estimate f
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of the derived demand for the technology necessary to produce the i
coal, Of course, the conventional supply is derived from the existing fi
technology, or production processes, the geological conditions in the
various coal reserve blocks, and the prices of the inputs required.
Based on the furecasts of price and quantity, an assessment cculd be
made of the profitability, and hence, commercial appeal of the new
technology.

Thus, the objective of this study was to assist in the estimation
of relative profitability of a new extraction technology in various
supply regions and under various geologically-defined mining
conditions, and thus to provide an estimate of the potential market-
ability of advanced extraction systems in various target markets.
Therefore, the real attempt was to provide estimates that will
facilitate the development of a marketability projection as a function
of a number of cost and geologiec characteristics rather than as a
single, unique guideline or number.

B.  FORECASTING DIFFICULTIES |

The actual forecasting task, however, is certainly not as
straightforward as it might seem, even with the foregoing qualifi-
cations. The major source of this difficulty is the long-term nature i
of the forecasts involved. As part of a JPL effert to determine
effective forecast methodoleogy, a conference was held in July 1979 to
assess the difficulties in the use of long-term forecasts in the
energy area,! The discussions from the conference are being
documented into a statement of the strengths and weaknesses of current
energy forecasting efforts (Reference 8). These assessments became
major considerations in the development of the methedology to derive
the regional target prices required as guidance for the advanced coal
extraction project's production cost targets.

While it is beyond the scope of the present work to detail the
results of the conference, it is both important and useful to the
substance of the remainder of this study report to provide a brief
summary of ths oonference consensus. Therefore, the following text
contains a list and brief discussion of the major concerns identified
by the participating panel.

1. Uncertainty and Stochastic Elements

Certainly, the major problem with forecast credibility is the
length of time into the future for which a model attempts to forecast,
While there is much concern over the credibility of predictions as
much as 20 years into the future, it was argued that the unacceptable
alternative is sheer subjective speculation. A forecast based on a
model provides a methodology to establish reasonable ranges for the
crucial variables while the alternative provides no explicit framework
to generate such statements.
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2.  Progess versus Econometric Models

Avgument over developing process versus eoconomdbris models 1%
diractly related to the conecern with "ecapturing! beétuvioral changds
over time, Speaifically, there has beep an lncreasing tendenocy to use
process models, those which describe techrologieal relationships to
the exalusion of behavioral, and heénce, major economia variables.
Howaver, it can be argued that the exclusive use of process model
mathodalogy almost complately discounts the possibility that the
axpeatations of the human pariicipants can affeet the process bheing
modeled, (For example, there is no way for the National Coal Model to
endogenously control the impaot of expactations among its three major
time pariods, 1985, 1990, and 1995.) The panel suggested toat a
hvbrid approach, 1.e., marrying the two, might he more satiifactory.

3. Partial versus General Equilibrium

All of the conl and energy models in current use are only i
partial equilibrium models, i.e., they have exogenously generated ;
values incorporated with no "feedback! to the sectors whose operation
rasulbed in the given values. This, of course, can result in i
significant distortions and variations from reality in the model's
predictions. (For example, at present the Mid~Term Energy Forecasting
Svatem 1s not able to aonsider bthe changes one might expect in the
pricea and outpub of industries which depend heavily on energy as an
input,) i

i, The Appropriave Level of Disaggregabtion

Relatively acourate forecasbts of highly aggregated variables may
be as useless Lo a specific problem as those that are disaggregated to
the point that thelr accuracv is largely suspect. Ideally, the level
of model structure detail (for example, the number of supply and
demand reglons used) would be based on an explicit cost-benefit
deataion, Most times such a decision 1s based on data availability
and the strength of deadline or cost consbtraints.

5., Data Limitations

The quantiby and quality of data available have proven to be
significant constraints in the long-term energy forecasting area.
Efforts should be made to identify situations in which the use of the
existing data will result in hiased forecasts and to consider the
possibility that a more appropriate data base should be developed.

6. Lack of Model Assessment
In the final analysis, there i3 no consensus regarding the most

appropriate way bo measure the extent to which a model is "good" or
"bad," or the benefits accruing from its use. This places an




inordinately high premium on the "art" of the assessor. To the extent
possible, the reason for the forecast should be investigated to glean
the foundation for all measurable goals. The potential contribution
of the model's forecasts to these goals should then be assessed.
Finally, care must be taken not to expeat too much from the models
themselves., That is, the forecast values should be viewed as inputs
to a decision process, It should be recognized that they are
probability statements and as such are not for use as unique and
deterministic point estimates of the future.




SECTION II
THE RESOURCE BASE

The firat phase of the JPL effort to define and characterize the
resource base upon which to base the Advanced Coal Extraction Systems
(ACES) project cost and market guidance involved the estimation by
Energy and Environmental Analysis, Inc. (EEA) of the regional deposits
of coal reserves which could be mined using present technology. The
major objectives of this portion of the EEA effort were: (1) to
include all the known -goal which would be available to mine in the
vear 2000 and beyond; and (2) to ensure that these reserves ware
described at a level of detail which would allow evaluation of the
type of mining technology.

This effort was necessitated by the fact that none of the coal
reserve /lescriptions incorporated in other coal models satisfied both
the conditions necessary to construct an acsurate cost and market
guidance for the ACES effort. Specifically, conventional reserve
desariptions fail to:

(1) Include total coal reserves. The Bureau of Mines estimates
include only "measured" and "indicated" reserves which
understate the true quantities of coal in the ground.

Deseribe the reserves in sufficient detail. For example,
areas generally omitted include seam thickness, slope,
plteh, and other salient characteristics that in large
part determine the most appropriate mining technique, and
its cost.

g
)
~r

Thus EEA's reserve characterization effort was composed of the
following steps, subsequently discussed in turn:

(1) Division of the country into 15 supply reglons.
(2) Estimation of total regiovn-specific "recoverable reserves."
(3) Subdivision of each region's total reserves into "reserve
blucks" of specific tonnage, Btu and sulfur content, and
geologic parameter groupings.
(4)  Assignment to each such reserve block the most probable
(present technology) minhing method.
A. THE SUPPLY REGIONS
The 15 supply regions chusen were determined to be those areas
that include all the important bituminous, subbituminous, and lignite

deposits in the contiguous United States, and in which coal rank,
geology, and quality are roughly homogeneous. The geographical

2-1
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composition of these supply reglons is contained in Table 2-1. For
each region the average rank, Btu gontent, and distribution of %
reserves over three cabegories of sulfur content were estimated.2 i
The three ranges of percentages in Table 2-1 correspond to the ;
"gompliande,” "low," and "high" sulfur categories generally used teo ;
define coal demand. i

B
3

B. REGION-SPECIFIC RECOVERABLE RESERVES

Beginning with basic information in the U.S. Geological Survey .
(USGS) raports and the avallable summary reports on the geology and §
occurrence
of woal dooumented by numerous other sources (EfA, Final Report,
Section 6-~7), EEA expanded on the coal resourc#s described in such i
conventional data bases by including the results of recent exploration
activities, reserves usually not included due to ownership problems,
and bv extrapolating the location of "inferred" reserves. Thug, the
EEA-estimated reserve base contains "measured," "indicated," and
"inferred" reservesd in an attempt to more accurately represenh the
size and location of the potential market for advanced underground
extraction svstems. Since approximately 61 percent of U.3, coal
reserves are classified as "inferred," and since the construction of
price targets involves forecasting supply patterns in the year 2000,
1t was deemed appropriate to include these inferred resources which
will likely have become "measured" by that time.

However reasonable such assumptions of inferred coal resources
may appear, it is still possible they may be incorrect. For example,
during the JPL Coal Conference a major new research effort was reported
upon,; the objective of which was to provide more accurate estimates of
regional coal reserves because of the present degree of unreliability
(Reference 8). And eveﬁ this significant effort left at least one
panzl member skeptical.™ His agsessment was that the Illinois
Geologlcal Survey, which has collected data on over 600,000 boreholes
over a 50 year period, has yet to accurately forecast depositional
patterns in reserves. Thus, recalling the caveats in Seckion I
regarding the sources of uncertainty, qusiity of data, and the need
for model assessment, JPL plans to monitor the sensitivity of the
study~developed price targets to the exclusion of inferred reserves
from the resource base, where feasible.

C. DEFINITION OF RESERVE BLOCKS

EEA chose the following sets of geological characteristics as
those which would capture the most important factors affecting the
cost and type of mining in the reserve block:

W
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Table 2-1. Supply Regions and Coal Types
Percent of Total Coal by
. Sulfur Content

Supply Region Rank Btu/lb Compliance Low High
1. Ohio Bituminous 12,500 — 0.03 0.97
2, Pennsylvania

Maryland

Northern W.Va. Bituminous 13,500 ——— 0.10 0.90
3. Southern W.Va.

Eastern Kentucky

Virginia .

Northern Tennessee Bituminous 13,500 0.45 0.43 0.12
4,  Southern Tennessee

Alabama Bituminous 13,500 0.12 0.63 0.25
5. Western Kentucky

Indiana

Illinois Bituminous 11,000 —— 0.05 0.95
6. Kansas

Missouri

Nebraska :

Iowa Bituminous 11,000 . — 1.00
7. Oklahoma

Arkansas Bituminous 13,000 ——— 0.65 0.35
8. Texas

Louisiana

Arkansas Lignite 7,000 ——— —— 1.00
9, Montana v

North Dakota Lignite 6,000 —— 0.80 0.20
10, Montana Subbituminous 8,500 0.30 0.70 ~——
11. Wyoming (Powder Subbituminous g,000 0.30 0.70 ———

River Basin)
12. Southern Wyoming

North Central

Colorado Subbituminous 9,000 0.40 0.60 ——

13, Northwest Colorado .

Northern Utah Bituminous 12,500 0.40 0.60 —
14. Southern Utah

Southern Colorado Bituminous 11,000 0.20 0.80 ——
15. New Mexico

Arizona Subbituminous 12,000 0.40 0.60 —

2-3
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For Underground Mines For Surface Mines

0ve!burden gepbh Slope
~Drift of Shaft Strip Ratio
Seam Thickness
Pitch E
Block Size

Each parameter is divided into ranges known to have generally
different effects on the type and cost of mining. Surface mineable
reserves are further identified as those best suited for "contour" and
"area' stripping; underground mineable reserves are associated with
2ither "room and pillar" continuous mining or "longwall' technology.
Table 2-2 summarizes all the possible combinations and presents the
values the geologic parameters may take,

Surface mines are characterized by thiskness, slope, piteh,
stripping ratio, and block size. Surface contour mining is used for
medium and steep slopes where the coal outcrops. These conditions are
found nearly exclusively in Appalachia. Only one block size is
considered for contour mines; this is because economies of scale are
assumed not to be relevant to contour stripping, given that the actual
equipment and pit layout can occupy only a small area at a time., Ares
stripping is used for gentle slopes where seams are continuous over
bread areas. Unlike contour mines, western area mines include thick
(over 119 inches) and pitching seams. Area mines are characterized by
large mining blocks and are capable of producing as much as 6.75
million tons or more per year.

Underground mines are characterized by seam thickness, piteh,
block size, overburden and whether the mining block is drift or shaft
mineable. Room and pillar mines are assigned to most flat and
moderately pitching seams with 2000 feet or less of overburden. Seams
that are steeply pitching or under deep overburden (over 2000 feet) are
considered best mined by the longwall method. Mines in Appalachia may
be restricted to small areas of reserves, such as a drift operation,
that mines a reserve part way up a narrow ridge. Therefore, small and
medium reserve blocks are assigned to drift mines and large blocks to
shaft mines.

D. ASSIGNMENT OF RESERVES TO MINE TYPES

In the final stage of EEA's analysis effort, the total reserves
previously estimated for each region were assigned to one of the 180
effective mine types as described by the various possible combinations
of seven of the nine variables listed in Table 2-~2. This is accomplished
in a %equence of 11 steps which are briefly described in the following
text.
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Table 2-2., Mine Type/Reserve Characterization

A

(1) (2) 3 W) (5) (6) (7) (8) (9)
Seam Overburden
Thickness, Slope, Pitoh, Strip Block Thickness, Drift/

Type Method inches degrees degrees  Ratio Size® feet Shaf't
S Area 28-42 10 0~10 551 6

U 42-120 10-20 10-30 10:1 20

R 120 10-30 30 20:1 150 N/A N/A
F

A

C Countour 28-li2 0~10 10:1

B h2-120 2031

U

N Room & 28-h2 0~10 6 0-500 Drift
D Pillar h2-120 N/A 10-20 N/A 20 500~-2000 Shaft
B 120 40

R

G

R Longwall 28-42 0-10 60 500-2000 Drift
0 42-120 10-30 2000 Shaf't
U 120 N/A 30 NA

N

D

#Million metric tons.
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(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Determine Percentage of Reserves that are Surface

Mineable. This operation was based cn the various maximum

economic stripping ratios (which differed by state) and
coal type.

Reduce Reserves by Availability Factors. These

"availability" factors discounted the estimated total
reserves in a region by from 15 to 25 percent in
recognition of varying land use, ownership, geologio, and
environmental constraints.

Estimate the Distribution of Reserves by Thiokness. The

categories used in the EEA model were chosen because they
conform to present mining practices and with past
procedures in estimating resources.

Estimate the Distribution of Resaerves by Slope. The

distribution of "average slope" was estimated in order to
be abla to reflect the increased costs assoclated with
surface mining on steep slopes. States were segregated
into groups of counties with common terrain, with slope
measurements taken from USGS topographic maps in a random
chaeckerboard fashion across the country.

Estimate the Distribution of Reserves by Pitech. Geologic

reports (county-level whenever possible) were reviewed and
coal-bearing areas distributed into the three categories,
with reserves treated as evenly distributed across the
coal bearing area in the same proportion as the areas.
However, this is a regional pitch estimate and for most
United States reserves regional piltch is negligible
(usually less than 10 degrees). Loeally, pitch may vary
dramatically, but as yet it is not possible to reasonably
estimate its distribution.

Divide the Surface Reserves into Strip Ratio Categories.

The portion of the surface reserves (Step 1) in the
sbandardized 20:1 category was divided into 1.0:1 and 20:1
groups to more alosely reflect the actual distributilon.

Distribute the Underground Reserves into Thickness of

Overburden Categories. This was done (wherever possible)
using the data in the coal summaries,

Determine the Distribution of Reserves by Block Size.

This is probably the mest involved step in this process,
The reserve block is defined as the amount of coal that
can logically be committed to a specific type of mining
operation., In Appalachia, reserve blocks are limited in
size by topographical and geological constraints which
affect the continuity and/or extent of the mineable
portion of the seam. For example, in central Appalachia
steep ridges may contain numerous but small and isolated




goal beda. Thus a single ridge may contain 20 million
tons of coal but have individual mines limited to 6
million tons each., Thia is generally not true for
non-Appalachian underground reservea, Therefore separate
methodologies were used to assign block sizes to:

{(a) Underground reserves in Appalachia,

(b) ALl other underground reserves (where ownership
patterns and economical ming size tend to be more
important),

(e) Surface raserves (where contour mines were assigned
the smaller reserve blocks and area mines the larger
ones),

(9) Estimate the Diatribution of Drift or Shaft Entry for
Underground Reserves. This was based on outcropping,
relationships to drainage, distribution of overburden, and
average seam pltch.

(10) Distribute Reserve Blocks to Mine Types. The previous
nine steps determine the allocation of total estimated
reserves to each of the seven relavant categories. Each
of these reserve blocks now 1s considered a "mine type,"
and similar mine bypss (i.e.; those with identical saven
parameter values) can be aggregated to determine the
percentage of reserves in each such category.

(11) Distribute Mine Types into Sulfur Categories. The sulfur
distribution was assumed to be random in each region so
that each mine type in a region would have the same
proportion of compliance, low, and high sulfur reserves,
The percentage distributions in Table 2-1 were used to
divide the mine types up into suifur categories.

E. SUMMARY OF THE INITIAL RESOURCE DATA BASE

The estimation of the region-specific recoverable reserves and
the determination of the percentage of those that are surface mineable
resulted in the estimated reserve base contained in Table 2-3., This
then became the input for steps 2-11 described in the preceding
section. Given the complexity »f the procedure, it will be useful
here to consider an example. Table 2-U contains a set of sample data
(estimates) resulting from steps 2-11, and utilizing the initial
reserve stock estimates shown in Tablu 2-3,

Care must be taken to recognize that henceforth all production
quanticies forecast by the EEA model are in tarms of maximum yearly
astimated flow rather than as stoeks in the ground. The reason for
this unique feature will be discussed in Section III in conjunction
with the definition of EEA's mine cost estimation methodology.
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Table 2~3. Total"® Estimated Reserve Stoocks by Region and
Mining Method, milliona of tons

Supply

Region Surface Underground v Total
L 6,396 22,844 29,242
2, 6,932 50,819 57,751
3 13,250 4,136 57,386
o 383 2,721 3,110
5. 29,148 86,000 115,148
6. 6,398 4,150 10,548
7. 752 1,902 : 2,654
8, 10,829 - 10,829
9 39,059 - 39,059
10. 33,213 69,200 102,413
1L 20,664 74,057 94,721
12, 5,324 8,622 13,946
13. 2,327 64,508 66,835
14, 1,596 33,563 35,159
15, 9,8U8 204,151 213,999

TOTAL 186,121 666,689 852,810

®This is the toral estimated stock of measured, indicated, and inferred
reserves.

e
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Table 2-4, Sample of Initial Reasrve Data Baae

(1) (g) (3) th)  (5) (6) (1) .(8) (9)
u Mine Typa®
Supply L , . _ Annual
Region F s srTr P SL SR BS Estimated
U , . , Maximum
R u ST P BS __-0D E Production
0l H c 1 1 1 3 1 3:8 million
‘ metric tons
05 L R 2 1 3 1 1 9,1 million
metric tons
07 c A 2 1 2 3 1 .5 million
metric tons
10 c A 2 1 1 2 2 3.6 million
metric tons
13 L L 3 1 3 3 1 52.5 million
metric tons
15 c A 3 1 1 2 3 25,2 million
metric tons
15 L A 3 1 1 2 3 37,7 million
metric tons

#Values for mine codes are:
C, L, H, corresponds to compliance, low, and high sulfur coal.
S = Surface mine; C = contour mine; A = area mine; U = underground
mineable; R = room and pillar minej L = longwall mine.

ST = Seam thickness: 1 = 28-4) inches; 2 = 42-119 inches; 3 = 119 inches.
P = Pitch: 1 = 0-10°9; 2 = 119-30°0; 3 = 30°,

SL = Slope: 1 = 0-109; 2 = 119-20°; 3 = 21-30°,

SR = Stripping ratio: 1 = 5:1; 2 = 10:1; 3 = 20:1.

OD = Overburden depth: 1 = 0-500 feet; 2 = 500-2000 feet; 3 = 2000 feet.
E = Eantry: 1 = drift; 2 = shaft,

BS = Block size: 1 = 6 million metric tonsj 2 = 20 million metric tons;

3 = 40 million metric tons; 4 = 60 million metric tons; 5 = 150
million metric tons.




The first column of Table 2-§ identifies the supply region in
which the resasrve blook lies, while the second indioates whether it
contnins compliance (C), high (H), or Jow (L) sulfur coal. The next
aix columns (3-8) Jjointly form the "mine type" definition. Column 3
indioates whether the ressrve blook is surface (S) or underground (U)
mineable, and whether it will be an area (A) or contour {(C) mine in
the former case, or a room and pillar (RP) or longwall (L¥) mine in in
the latter. Columns (4) and (5) have the sare meaning for both
surface and underground mines: seam thiokness and degree of pitech,
reaspectively. Columns (6)-(8) have different meanings depending on
whather the portion of the reserve bloock under consideration is
surface or underground mineable, Finally, column (9) indiocates the
estimated maximum annual production possible from that purticulsr
portion of the rgserve block so characterized,

The BEA procedurs (described in the 11 steps in the previous
text) results in a total of 116U such mine types distributed among the
15 supply reglons. Table 2-5 aggregates these data by region and
sulfur catsgory for surface and underground mines,

F. MODIFICATION OF THE RESOURCES DATA BASE

While the reserve base characterization in Tables 2-Y and 2-5
aertainly vepresents a significant increasz in avallable detail, it
was Jjudged that the advanced coal extraction system price guldancae
requirement would be better served with a modified aggregation
approach. Supply side data aggregated by reglon and coal type will
allow the derivation of estimated market mine-mouth prices in the
target years of 1985 and 2000; but the most helpful information for
the present task would be data that allows a distinction of these
regional coal supply estimates by the mine type characteristics thav
identify aspeaific reserve blocks and their mining conditions. This
would facilitate a more accurate assessment of the technological
requirements of the new system on the basis of the particular portion
of the coal mining market in which it is most likely to be competing.
In addition although the surface mines/reserves are important to the
forecast of market prices in the target years, the study chose to
focus on the characteristics of the underground mineable reserves,
since these represent the universe of the new technology's potential
market.

First, recall that the "mine type" characterization of the
reserve bloak is done with the six element code contained in columns
(3)-(8) in Table 2-4 above. Let the elements of this code be
designated as:

(ay, az, az, 8y, agy ag)
whera, for underground mines:
‘RP = room and pillar mine

a1 &

le longwall mine

n
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Table 2-5. Summary of Reglonal Reserves,
million metric tons per year
“Supply  Suifur Mine Annuai | Sulfur Region
Region _Category Type Reserves Total Total
01 H 5 1U46.6
01 H v 8.5 595.1 613.5
01 L S 8, YO '
01 L U 10,0 18.4
02 H S ‘303.0 1987.1
02 1, 8 12. iy
02 L U 207.9 220.5
03 Cc ] 118.7
03 c U 619.5 738.2
03 H S 35.4 .
03 H U 161.5 196.9 1640.5
a3 L S AR NS )
03 L u 591.3 7034
ol c S 9.0
ol c U 6.9 15.9
ol H S 16,4
ol y U 13.5 29.9 130.7
ol L 5 hg,2
ol L U 38,7 84.9
05 H S 856,0
05 H U 36.0 3992.0 42019
05 L U 181.0 209.9
06 H S 254.,7
07 H S 10.7
07 H v 29.2 399 105.1
07 L S 18.9 65.2
L U 46,3 65.2

07
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Table 2-~5, (Cont'd)

Supply‘ Sulfup Mine Annual Sulfur Region
Region Category Type Reserves _Total Total
gg g 3 460,2 460.2 460 .2
09 H s 369.1
09 H U ; 359.1 17977
09 1 S 1438.6
09 L U - 1438.6
10 ¢ S 394.8
10 ¢ U 1290.1 1684.9 56163
10 L s 232.1
10 L U 3699.3 3931.4
n C s 263.5
11 C U olily .2 1207.7 N025.&
11 L S 614.8
11 L U 2203.2 1218.0
12 C S 83.9 555 &
12 L S 233.4
12 L U 207.9 Hh1.3
13 c 8 61.1
13 c U 11147 1175.8 2036.1
13 L S 167.6 ~
13 L U 1592.7 1760.2
1l c S 13.5
298.3
lz c U 284 .8 14942
il L U 1050.0 1195.9
15 C S 126.1 |
15 C U 2602.4 2728.5 68212
15 L s 189.0
15 L U 3903.7 4092.7

TOTALS (all regions) million metric tons/year

C
H
L

" 8,078.1
8,845, 4

16,982.5
33,906.0

S 6,766.2
U 27,139.8

33,906.0




g

ap = seam thickness

ag = pitoh

ay = block size

ag = overburden depth

ag = entry (drift or shaft)

To keep the task (and the results) manageable, it was determined
that the study would focus on seam thickness (ap), block size (ay),
and overburden depth (ag); and further that the EEA data would be
divided such that sach variable took only two values., This then
yields a total of eight possible aggregated "mine types" identified Ly
the values of the triplet (ap, ay, 8g).

The "pitoh" and “"entry" variables have been suppressed in order
to foous on a manageable number of variables, With respect to entry,
it was determined that the need for shaft rather than drift access
impacted more on development cost than on the method of extraction
(and hence operabing aost) once the seam was reached. Since costs
divorced from extraction mode are of less direct interest in terms of
the technology development, it was deemed a reasonable abstraction.
The supprsasion of piteh might seem somewhabt more worrisome. As nobted
above, EEA was only able to use regional piteh in thelr reserve bass
estimations. While they recognized that there ls significantly more
variation in local piteh, the input data did not allow its
estimation. As a result, in the 15 regilonal underground reserve base
estimates, only regions T, 12, and 14 contain any pitching reserves
(1.e., over 10 degrees). Table 2-6 summarizes these data. Thus,
given the extremely small percentage of tobtal estimated reglonal
resarves that could be elassifled as having any significant piteh, it
was determined thae atudy would focus on flat~lylng seams.

Treatment of the dichotomization of the values of tne remalning
three geologic variables is perhaps less obvious. First, seam thickness
(ap) was considered. It was decided tn divide all reserves into
those with (relatively) "thin" seams, less than 46 inches in the EEA
data base, and those with (relatively) "thick" seams, greater than
46 inches. These decisions correspond to ap = 1 in the former case,
and ag = y (y = 2, 3) in the latter case. Likewise, it was decided
to focus on "small" (5 million tons) and "large" (220 million tons)
block size reserves. This corresponds to ay = 1, and ay =y (y22)
in the EEA data base. And finally, it was decided to call mines with
0-500 feet of overburden "shallow," and those with over 500 feet,
"deep" mines. These correspond to ag = 1, and a5 = y (y > 2)
respectively.

Thus eight possible "mine types" have been defined by all
possible combinations of the newly aggregative values of the triplet
(ag, ay, ag). The values of this triplet are then used to
designate ghe mine types, which are summarized in Table 2-T7.
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Table 2-6.

Estimates of Pitohing Coal

(Underground)
Reglsn Sulfur Pitohing Total Pitching
Type Coal (U)*® Reserves (U)* Coal
7 High 15.2 75.5 53%
Low 24.6
Compliance 57.7
12 Low 76.9 134.6 38%
Compliance 5.7
14 Low 26.7 1334.8 2%
Total ;
(1-15) - 206.8 28,410 1%

"Million metric tons per year.

Table 2-7. Definition of Mine Types by Characteristics
Parametar Mine Type

Characteristiss Values 111 1yl 11y lyy yll yyl yly yyy
Seam, inches < l2 X X X X

(as)
Thickness, inches =242 X X X X
Block, million 6 X X X X
metric tons

(ay)
Size, million 220 X X X X
metric tons
Overburden, feet  0-500 X X X X

(ag)
Depth, feet > 500 X X X X

2~14
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Table 2~8.

Estimated Yearly Rate of Underground Reserves by Regions

and Mine Type, million metric tons per year

Region 111 1yl 1lly lyy yll yyl yly yyy Total
1 24.2 40.7 0.3 127.8  33.6 46.5 0.6 184.8 458.5
2 T4 4 291.6 0.9 5u2.h  72.9 169.8 0.3 739.7 1892.0
3 36.7 78.6 0.3 428.1 Hl.1 117.0 1.0 679.5 1392.3
l 3.4 7.8 0.3 18.2 2.4 5.4 0.6 18.0 56,1
5 3.7 162.9 27.8 251.7 6.6 597.2 26.3 2240.8 3317.0
6 0 73.9 0 654.7 0 21.6 0 180.3 930.5
7 3.2 5.6 9.5 30.1 6.5 0 1.9 18.7 75.5

8 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0
10 107.8 254.3 355.8 62.8 0 1309.5 0 2899.0 4989.4
11 0 201.3 0 328.6 0 994.6 0 1622.9  314T.H
12 0 18,0 1.3 39.1 0 115.0 8.7 170.7 352.8
13 0 49,5 0 635.8 0 148.5 0 1873.6  2707.1
14 21.4 20.0 54.9 189.1  50.7 115.4% 67.2 816.1  1334.8
15 0 80.8 0 1545, 4 0 243.9 0 4636.0 6506.1
TOTALS 274.8 1285,0 451.1 4853.8 213.8 3884.4 106.6 16098.3 27139.4
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In keeping with the above definitions, the first four mine types
listed in Table 2-7, reading across (111, lyl, 1lly, and lyy), have
az = 1 and are therefore "thin" seam mine types with various block
sizes and overburden depths, Likewise, the latter four have ap =y,
and are therefore "thick(er)" seam mines. Reading down any column
identifies the specific characteristics of that mine type.

Finally, Table 2-8 presents the estimation of the (yearly rate
of production) reserve data contained in Table 2-5 broken down by
study-revised mine type characteristics. Given the large quantity of
estimated reserves relative to the present ysarly rate of use, these
values and their relative size mean little by themselves. However, as
will be discussed in Section IV, such a breakdown will be valuable in
construeting advanced coal extraction system price targets.
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SECTION III
ESTIMATION OF MINING COSTS

The modeling problem next addressed was the estimation of the
cost of actually bringing coal to the mouth of a mine. This estimation
process is addressed in some detail below. It will also be most
useful to discuss the partiocular "supply cost" concept utilized by
EEA, and this discussion will be carried out in the remainder of this
report.

A. THE MINIMUM ACCEPTABLE SUPPLY PRICE (MASP)

The methodology for attempting to estimate a probable future
market price for a commodity incorporated estimating basic cost of
production for various levels of output and then determining how much
of this supply will be forthcoming at various market prices, as well
as determining from which firms this supply will likely come., Thus,
any particular firm would likely vary its desired level of supply
depending upon the prevailing demand (or market) price. Hence, when
the estimated level of demand (which also is a function of the market
price) is combined with the aggregate supply plans of the industry and
an equilibrating market price determined, only then is the particular
lavel of production of a firm (and its prevailing supply costs) known.

In the case of the coal industry, the unique production and
market conditions, which will be discussed in more detail below, call
for a somewhat different task. In particular, instead of deriving a
supply curve for a particular coal mine in a region (similar to that
of Figure 3-1), the mine/reserve block-specific supply curves will be
derived as shown in Figure 3-2.

The supply curve in Figure 3-1 indicates that as the selling
pri¢s of the product increases, a "traditional" firm is willing to
sufiply an increasing quantity of its product. This stems from its
(generally) increasing periodic costs of production and its desire to
maximize its profits. In Figure 3-2, the MASP curve indicates that
the mine owners have calculated their Minimum Accephtable Supply Price
to be p dollars per ton and are willing to supply any quantity of' coal
between zero and c¢ tons at that average revenue or price per unit
during the production year. That is, they are interestcd in recovering
their total actual costs, amortized over the expected lifetime
production of the mine, plus a "reasonable" return on their investment
capital.

Given the special nature of the market for coal this is a
defensible assumption. Specifically, the tremendous reliance on long-
term contracts between a specifis buyer and specific producer (mine)
makes a predetermined period over which the reserve block is to be
"mined-out" a realistic assumption. Likewise, these long-term
contractual relationships make true market influenced price

3-1
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fluctuations (for the specific mine) difficult, leading instead to a
reliance on ocost-plus type contracts.
Thus, (in simplified notation), if we let:
t = length of time the reserve bloock is to bhe mined

£ = @atimated annual production possible from the
reserve block

t.p = bobaé expected production over the life of the
mine
And, if;
TC = total cost of starting and operating the mine at
the rate p over t
ROI = tQhal return on the investment involved in

gunerating TC
then we can define:

~ TC + ROI
MASP L p

The potential impact of these and related assumptions made in
the mine cost modeling on the derivation of target prices will be
discussed further on in this section, and efforts to identify
necessary sensitiviby analysis in the construction of the cost
guidance will be detailed.

B. MINE COST MODEL OVERVIEW

The objective of the cost model portion of the forecasting
effort was to estimate a MASP for each of the 116U mine types for the
target years 1985 and 2000, and then to arrange them in increasing
order by region and coal type to form the relevant supply curves,
This was accomplished by developing separate mine cost models for
underground, contour, and area mines which were then used to estimate
the MASP as a funotion of the mine type characteristics (see columns
3-8 in Table 2-4), mine size,? and regional royalty and severance
taxes.

The underground mine-cost model was essentlally developed from
seratceh using Department of Energy and Bureau of Mining data for the
basic cost information, while the surface models were adaptations of
earlier models, (Contour = Oak Ridge National Laboratory model and
Area = ERDA model) adjusted to reflect 1979 costs and the required
Return on Investment (ROI) criteria.

All three of the models share the following common assumptions:

3-3



(1) Technology: The 1979 state of the ari is reflected.
Especially for the 1985 time period this is reasonable
since no major improvemsnts appear imminent, The JPL
"moving baseline" alternative coat guidance will provide
for the estimation of potential dynamioc changes in the
more distent future.

(2)  Production Costs: No real change in capital and operating
costs through 1985 is expected. Through 2000 real labor
costs are assumed to inorease 20 percent, w