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PREFACE

This volume is an Appendix to a contractor's study prepared for the
Office of Water Planning and Standards of the Environmental Protection
Agency (EPA). The purpose of the study is to analyze the economic
impact which could result from the application of effluent standards
and limitations issued under sections 301, 304, 306 and 307 of the
Clean Water Act to the Coal Mining industry.

The study supplements the technical study (EPA Development Document)
supporting the issuance of these regulations. The Development Document
surveys existing and potential waste treatment control methods and
technology within particular industrial source categories and supports
certain standards and limitations based upon an analysis of the
feasibility of these standards in accordance with the requirements

of the Clean Water Act. Presented in the Development Document are

the investment and operating costs associated with various control

and treatment technologies. The attached document supplements this
analysis by estimating the broader economic effects which might result
from the application of various control methods and technologies.

This study investigates the effect in terms of product price increases,
effects upon employment and the continued viability of affected plants,
effects upon foreign trade and other competitive effects.

The study has been prepared with the supervision and review of the Office
of Water Planning and Standards of EPA. This Appendix was submitted

in fulfillment of Contract No. 68-01-4466 by Arthur D. Little, Inc.,

and was completed in July, 1980. The work was performed from June, 1977
through July, 1980; the data sources referred to in the report were
current at the time the work was performed.

This report is being released and circulated at approximately the same
time as publication in the Federal Register of a notice of proposed
rule making. The study is not an official EPA publication. It will
be considered along with the information contained in the Development
Document and any comments received by EPA on either document before
or during final rule-making proceedings necessary to establish final
regulations. Prior to final promulgation of regulations, the accom-
panying study shall have standing in any EPA proceeding or court
proceeding only to the extent that it represents the views of the
contractor who studies the subject industry. It cannot be cited,
referenced, or represented in any respect in any such proceeding as

a statement of EPA's views regarding the Coal Mining industry.
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APPENDIX B
METHODOLOGY DESCRIPTION

I. INTRODUCTION

This Appendix describes the roal supply-demand model that was devel-
oped to analyze the economic impact of proposed. more stringent water-
quality control standards for point sources in cnal produntion. These
control standards will require coal producers to spend more for water
treatment at the mine site, thereby increasing their overall consts of
producing coal.

The relative increase in production costs for individual mines is
influenced by numerous factors that are related to the different
environments in which an operator has to deal, such as:

) Meteorological: relative rainfall;
(] Topoqraphical: hilly versus flat terrain;
[ ] Locational: proximity to other mines;

[ ) Geological: coal quality and depth of coal seam.
presence of acquifers, chemical composition of
overburdens;

® Financial: cost of money, equipment and labor;

° Microe¢onomic: a mine's market position in terms
of location and producer/user relationships;

(] Macroeconomic: energy and feedstock supply demand
balances and the costs of other fuels and
feedstocks.

This analysis is to estimate the relative dependence of rnal
production costs on each of these factors in sufficient detail to
allow reliable estimates of the direction and relative magnitude of
inter-regional shifts of coal production that can be expected to taka
place in 1984 if more stringent mine water treatment requirements are
imposed.

A. Main Sources of Data Used in the Impact Analysis

The 1976 MESA Mine File described in Chapter Il of Appendix A of this
report is used as a starting point for estimating mine production
costs of individual mines. This file contains detailed production
information for individual users. Some of this detail is lost or
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smoothed out through averaging, when regional supply curves are lin-
earized.

Transportation costs are estimated by statistical analysis of rail
rates and water transport costs, as described in Chapter V of Appendix
A.

Coal sulfur content distributions are derived from an analysis of coal
quality data for coal sales to electric utilities in 1976, as obtained
from the FPC.

Coal utilization costs are developed as described in Chapter VI of
Appendix A of this report. These costs account for the different Btu
content and sulfur content of different coals, and for the varying air
quality control standards in the different demand regions.

As will be shown in later sections, the limited number of data points
on water flow volumes for coal treated at individual mine sites is the
main limiting factor in the level of regional detail achievable in the
impact estimates.

B. Four Main Premises Used for the Analysis

The estimated economic impact of the regulations is obtained through
simulation of supply and demand in steam coal markets in 1984. The
simulation is structured around the following four premises:

(1) Coal, as a fuel, competes with coal rather than
0il, gas or nuclear energy. This premise is based
on the current trend of increasing oil and gas
costs - as discussed in Section VI.1.3 of Appendix
A - the restrictions on the use of gas as utility
boiler fuel, and the growing resistance to further
rapid growth in the use of nuclear enerqy. The
analysis used a fixed demand estimate for 1984 and
concentrated on the estimation of inter-regional
shifts of coal supplies which can be expected to
take place because of relatively higher estimated
pollution control costs in some regions (as result-
ing from differences in the relative wetness of
mines in the various coal-producing regions).

(2) Coal producers, in order to continue to mine coal,
will have to recover their operating expenses and
investment costs (but not sunk costs), including a
return on those investment costs over the remaining
life of the mine. In this analysis this
requirement establishes the minimum price at which
coal will be sold. If mine operators cannot get
that minimum price, then they will clnse the mine
and cease to produce.
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(3) It is assumed that the steam coal contract and spot
markets operate independently of each other. Only
two interactions are allowed in the analysis:

-- Large mines producing more than
50,000 tons per year ‘i.e., contract
market mines) are assumed to sell
some of their output in the spot
market at variable costs.

-- Contract market mines which are
found to be non-competitive in
contract markets are assumed to sell
to the spot market (i.e., a market
dominated by small mines producing
less than 50,000 tons of coal per
year).

(4) The nature of transactions between producers and
users in contract and spot markets is assumed to be
completely different. In the contract market all
producers are assumed to sell coal on a cost-plus
basis; the large, virtually "infinite" resource
base creates a very competitive situation on the
supply side, always allowing large buyers to select
among a large number of potential suppliers,
thereby driving prices down.

In the spot market all coal from a region is
assumed to sell at the marginal price. Buyers in
this market are more concerned with timely supply
than with price. Suppliers in this market know
what the cost of coal on the margin is and are able
to negotiate prices up to that margin. In other
words, in the contract market all producers are
assumed to obtain the same return on their invest-
ment; in the spot market producers with low-cost
coal will have a higher return than producers with
high-cost coal.

Given these four main premises, the analysis concentrates primarily on
specifying the differences between costs of supply at different output
levels in the various supply regions, allowing for:

° Differences in coal mining conditions (including
mine wetness);

o Different transportation costs because of different
distances between supply and demand regions;



° Differences in user costs because of different roal
quality;

° Differences in user costs because of the differ-
ences between air quality control regulations in
different demand regions.

The remainder of this chapter explains the above in more detail.

I1. IMPACT ANALYSIS METHODOLOGY

Figure 1 shows a schematic of the impact analysis methodology.
Regional supply volumes and costs are projected for 1984 for the steam
coal markets (spot and contract) and for the met coal market, allowing
for differentials in coal prices because of differences in production
costs, transportation costs and utilization costs.

As shown, ADL has made estimates of potential supply and related costs
for 27 different supply regions. These supply estimates are combined
with estimates of demand in 35 demand regions ’‘as obtained from EPA
which used these demand projections recently for an analysis of the
impact of air quality control regulations).

These two sets of estimates, together with estimates of coal quality
differentials, and transportation and utilization costs, are used in
the coal market simulation model to obtain estimates both before and
after the proposed regulations. This allows us to derive the dif-
ferential economic impact resulting from production cost increases
caused by more stringent water clean-up requirements at the mine site,
As shown in Figure 1, the primary impact measures are:

° Increased user costs both as an average and on the
margin in different demand regions;

] Increases in marginal prices in supply regions;
° Lost production in supply regions;

° Number of closed .mines;

° Number of jobs lost;

[ Resulting decreases in regional mine workers'
wages;

° Mine <cashflows versus increased investment
requirements for pollution control equipment.

As shown in Figure 2, the model itself consists of six modules, each
composed of one or more data files and computer programs, which use
those data as input. These modules perform the following main opera-
tions:



FIGURE 1

SCHEMATIC OF IMPACT ANALYSIS METHODOLOGY
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MODULE 1: Separates the mines contained in the MESA file
into 27 supply region files which serve as
inputs to Module 3.

MODULE 2: Uses engineering estimates of production costs
for different types of model mines in dif-
ferent supply regions. It calculates minimum
required prices (MRP) for these mines for
different labor productivities, as well as
different investment costs in pollution
control equipment resulting from different
mine water flow volumes. These price esti-
mates are used to calculate a functional
relationship between minimum required price
(the dependent variable), mine productivity
and required investment in pollution control
equipment per annual ton of coal produced fthe
independent variables).

MODULE 3: Uses the MRP function resulting from Module 2,
plus the regional mine files, to calculate
three supply curves for each of the supply
regions for the steam coal spot and contract
markets. The supply functions, specifying
cumulative potential supply at increasing
prices at the mine, are first calculated on a
mine-by-mine basis ’i.e., detailed) and then
linearized for use as an input to the linear
program used in Module 5 to balance supply and
demand in coal markets.

MODULE 4: Organizes all the information used in the
market simulation in a linear program which is
solved in Module 5. 1In addition to the lin-
earized supply curves for the 27 supply re-
gions, information on sulfur content distri-
bution and transportation and utilization
costs of different types of coal with
different sul fur content is provided.

MODULE 5: Provides a solution to the linear program set
up by Module 4.

MODULE 6: Takes the output from Module 5 and organizes
it into several reports to allow more rapid
evaluation of the results of the analysis.

The nature of the data and the computations performed by the programs
used in these modules are described in the following sections.
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11T. REGIONALIZATION OF THE MINE FILE (MODULE 1}

The MESA file, which contains 1976 information on mine location, mine
type, status {(i.e., open, temporarily or permanently closed', number
of hours worked, and tons of coal produced, is organized into the 27
different supply regions. These supply regions, as shown in Table 1,
coincide largely with the supply regions used in the National Coal
Model.

IV. MINIMUM REQUIRED PRICES (MODULE 2)

The 1984 minemouth prices used in the analysis are based on estimated
production costs. Since actual production costs for individual mines
are not available, engineering estimates are made of unit investment
and operating costs for mine models, categorized by:

® Location {region);

. Mine type (underground or surface);

° Mine size (large or small);

. Remaining producing life new or existing mine);

® Required water treatment costs for compliance with
EPA regqulations.

Within each mine category, costs are specified to change with:

° Mine productivity (tons of coal produced per mine
shift);

] Level of water flow to be treated.

As shown in Fiqure 2, the input to the computer programs of Module 2
consists of a set of model mine parameters and water treatment costs;
the output consists of a set of parameter values, relating minimum
required price (MRP) to productivity and dollars of required invest-
ment in water treatment equipment.

The calculation of the parameter values which relate the MRP for a
mine to productivity and treated water flows is performed in two
stages:

° Calculate MRP's for each mine category for
different mine productivities and for different
flow levels;

° Estimate function parameters relating MRP's,
remaining required investment in mining equipment,

B-8



TABLE 1

SUPPLY AND DEMAND REGIONS USED
FOR THE IMPACT ANALYSIS

NCM RECIONAL. CENTROIDS WITH
FAEIGHT STATION ACCOUNTING CODES

Freight Station Freight Station

Supply Region Centroid Accounting Code Demand Reqion Centroid Accounting Code
Pennsylvania (PA) Johnstown 05001151 New BEngland MV Concord, N.A. 06500123
Ohaio (OW) Camlridge 050015%4% MC Sprangfield, Mass. €2219122
Maryland (MD) Lonaconing 83900238 Middle Atlantic KU Oswego, N.Y. 622106867
West Vargainia, north (NV) Clarksburg 05000469 WP Fittsdburg, Ps. 62204727
West Varginia, south (SV) Blucfield $5003355 PJ Treaton, N.J. 62200203
Charleston 05003642 South Atlantic VM Paltimore, MA. 05000129
Vairyginia (VA) Appolachia 72401230 Norfolk, Va. $5001001
Kentucky, east (EK) Mazard 44402631 IV Wheeling, W.Va. 05000361
Tennessee (TH) €Clinton 72405420 Huntington, W.Va. 05000768
Alabama (AL) Cordova 72407457 CA Charzlottes, N.C. 72402535
Illinois (IL) Centralia 07624120 T Atlanta, Ga. 71213699
Indiana (IN) Hunt ingburg 72300344 Tampa, Fla. (Barge only)
Kentucky, west (WK) Central Caty 44404124 SF ¥W. Palm Beach, Fla. 712263590
lowa (IA} Ottumwa 07620241 East Morth
Central ON Cleveland, O. 05002168
ourli (MO) Clinton 69300162 On Columbus, ©O. 05001640
as (KXS) Pittsburg 40000130 OS5 Marietts, O. 03001648
Arhansas (AR) Russcllville 49406080 NI Detroit, Rich. 62206874
Oklahoma (OK) Tulsa 69300839 IL Peoria, Ill. 62208864
Texas (TX) Coruicana 69402202 In Indianapolis, Ind. 62208461
Morth Dakota {ND) wilton 07657691 WI Milwaukees, Wis. 14005759
Rast South
Cantzal EX Winchaster, Ky. 44402033
fontana, east (EM) Sidney 07659225 WX Louisville, Ky. 44401000
(.) ET Kxwrville, Tenn. 4440%68)
Wyoaing (wy) ** Casper 07632236 WT Memphis, Tenn. 44406380
A Birmingham, Ala. 44407206
Colorado {Cs) Carbondale 19702416 West North
Centzal DM Minneapolis, Hinn. 14005090
Ustah (UT) Sunnyside 19709106 KN Topeks, Kan. 0220257
Arizona (AZ) Win:tow 02210286 IA Des Moines, 1la. 14500759
Rew Mexico (NM) Gallup 02210138 MD St. Louis, Mo. 69300752
Washington (WA) Centralia 14004514 West South
Cantral M Little Rock, Ark. 14507420
™ Dallas, Tex. 022093354
Mountain MW Billings, Mont. 07630841
UN Salt Lake City, Utah 80200081
€0 Deaver, Col. 02620977
AN Phoenix, Aris. 02214194
Pacitic WO Seattle, Wash. 07602199
CN Cakland, Calif. 723100013
CS Los Angelaes, Calif. 07612141

—————e e -

Wyoming has been separated into Wyoming Powder River Basin and Wyoming, Other Regions.



annual wages, and cashflow per annual ton of coal
produced {the dependent variables) with productiv-
ity and mine water flow volumes /the independent
variables).

A. Number of Different Sets of Model Mine Parameters Required

As shown in Table 2, model mine specifications for both old and new
mines required estimates for the following parameters:

(] Investment and operating costs;

° Fiscal parameters, such as royalty payment,
federal, state and local taxes;

9 Water treatment costs.

A total of 50 different combinations of these three sets of parameters
resulted after careful analysis of available engineering estimates of
mine operating and investment costs, state taxes and royalties and
available information on mine water flows in conjunction with cost
estimates for different water treatment levels provided to us by the
EPA (see Table 2). Each pollution control level required evaluation
of such a set of 50 mines. The impact analysis considered the effect
of two different proposed BAT treatment levels relative to the exist-
ing BPT treatment level. Therefore, a total of 150 different mine
models had to be evaluated.

B. Model Mine Production Cost Parameters

Table 3 shows an example of the model mine investment and operating
costs used for the calculations described in this section.

Preliminary analysis showed that within the mine size ranges, judged
to be representative for the two major coal markets analyzed {contract
and spot), minimum required prices were only very slightly related to
mine size. Therefore, one representative mine size was used for each
mine category in the different regions.

As shown in Table 3, the cost parameters are divided into three
groups:

(] Investment cost data for the mine facilities and
mining equipment;

() Operating cost data, together with the average
labor productivity for which they are specified;

° Operating cost ratios, specifying by how many
percentage points certain categories of operating
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LL-4

NUMBER OF DIFFERENT COMBINATIONS OF MINING COST,
WATER TREATMENT COST AND FISCAL PARAMETERS REQUIRED
FOR THE ANALYSIS OF ONE CONTROL LEVEU

TYPE OF PARAMETERS

Royalties/
Coal Mining Cost Water Treatment Cost Taxes Parameter Combination Model Mine #
REGIONS 0LD NEW 0Lo NEW 01d Mines New Mines 01d  New
1. NA Ug L Ao Al a0 al 1 Aoaol Alall 1 2
S Bo 81 bo al 1 Bobol Blall 3 4
Su L Co a1 bo bo 1 Cobol Clbol 5 6
S Do hl} bo bo i Dobol D1bo}l 7 8
283. CA & SA Ug L Ao Al co cl 1 Aocol Alcll 9 10
) Bo Bl co c? 1 Bocol Blcl 11 12
Su L Co 0 bo bo 1 Cobo? Cibo!l 5 6
S Do D bo bo 1 Dobol Dlbol 13 14
4. M Ug L ho Al ao a2 1 Aoao) Ala2l ] 15
S Bo BY ao a2 1 Boaol Bla2l 16 17
Su L fo £l do do 1 Eodol E1dol 18 19
S Fo F1 do do 1 Fodol Fldol 20 21
5. Ug L Ao Al co c? 1 Aocol Alc21 22 23
S Bo Bl co c2 1 Bocol 81c21 n 24
Su L to El do do 1 Eodol Eldo) 18 19
S Fo Fi do do i Fodol Fldol 20 21
6. Tx Ug L Ao Al co co 2 Roco? Alco2 25 26
) Bo 81 co co 2 Boco2 Blco? 27 28
Su L Go G) bo bo 2 Gobo?2 G1bo2 29 30
S Fo F1 bo bo ? Fobo? Flba? n 32

1 .
{ )The control tevel could be the existing BPT requlation or any of the proposed BAT requlations considered by the EPA
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TABLE 2 - Cont'd

REGIONS 7 — S T Frases

7. NGP

MA Su L Ho Hi bo bo 3

S Fo F1 bo bo 3

ND/SD Su L lo n bo bo q

S Fo Fl bo bo 4

Wy Ug L Ao Al co co 4

S Bo B1 co co 4

Su L Jo J bo bo 4

Rocky M. S fo Fl bo bo 4

889. Nev/NMex. Ug L Ao Al co cl 1

S Bo Bl co cl 1

Su L Jo J1 bo bo 1

S Fo F1 bo bo 1

10. WA Su L Jo Ji bo bo ]

S Fo Fl bo bo 1

Parameter Combination Model Mine !
.__01d Mines New Mines 0ld New
Hobo3 Hibo3 33 34
Fobo3 Flbo3 35 36
lobod 1ibod 37 38
Fobod Flbod 39 40
Rocod Alcod 4 42
Boco4 Blcod 43 44
Jobod Jibod 45 46
Fobo4 Flbo4 39 40
Aocol Alcll 9 10
8ocol Bocll 1 12
Jobol Jibol 47 48
Fobol Flbol 49 50
Jobol J1bol 47 48
Fabol .Fibo! 49 50



TABLE 3
EXAMPLE OF INPUT DATA FOR MODEL MINE COST ANALYSIS

Foest dal Voglod Foadl ) 100 g N LI I ] Lol L B T |

Tl AL 0l KV AL PO TN L ASLS
WAGE  POW e DG T QUIPMIENT COMPOR)Y TF
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TABLE 3 - {cont'd.)
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costs will be higher because of add-ons fsuch as
indirect costs).

Working capital requirements are estimated to be equivalent to one
month of wage payments (i.e., 8% of annual wage payments).

As mentioned previously, the model mine costs are estimated for a
specific average labor productivity. To allow for analysis of minimum
required prices as a function of mine productivity, four other values
for mine productivity are specified for each model mine in the range
over which productivities for actual mines had been found to vary /see
Chapter I1.4 of Appendix A of this report for a discussion of the mine
productivity analysis).

C. Mine Flow Volumes and Water Treatment Costs

The analysis of available data on coal mine water flows demonstrates
that, when expressed in gallons per ton of coal produced, they are
generally larger for smaller mines. This is shown in Figures 3, 4,
and 5.

Average flow levels obtained from the data are highest in the three
Appalachian regions, somewhat less in the Midwest and Central West,
and much less (by a factor of about 10 ) in the rest of the coal
mining regions (Northern Great Plains, Texas, Rocky Mountains, Nevada,
New Mexico, Washington). Also, the range of possible flows is much
narrower in these "dry areas" than in the "wetter" Appalachian
regions, the Midwest and the Central West.

The increase in the MRP as a function of water treatment costs for a
given model! mine is calculated for five different volumes, ranging
from 1 to 10,000 gallons per ton for the wet Appaltachian regions and
the regions in the Midwest and Central West and ranging from N.1 to
1,000 gallons per ton for the other drier areas.

It is assumed that by 1984 all existing mines will have water
treatment installations in compliance with BPT standards. The
increase in required price for these mines will be through costs to
upgrade treatment levels from BPT standards to BAT standards.
Investment costs in BPT equipment are treated as sunk costs and are
not considered in the calculation of the minimum price per ton of coal
required by the mine to stay in production. However, investment costs
for BPT equipment are considered in the MRP calculations for new mines
since the investment has to be incurred to open up the new mine. The
estimated BPT investment costs for different model mines used in the
analysis are shown in Table 4. Operating costs are judged to be
negligible for BPT.

The investment and operating costs for the two different possible BAT

treatment standards, for which the potential economic impact is
estimated, are derived from data provided by the EPA.
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TABLE 4

BPT Investment Cost for New Mines (SMM)

(1978 $)
Small Large Large Large Large Smatl
UG SU UG Texas NGP SuU

Mine size MMT/yr 0.025 0.600 0.600 2.00 4.00 0.025
NA,CA,SA

$MM 0.015 0.090 0.366 0.00375

$/TPY 0.610 0.150 0.610 0.150
MW,CW,TX

MM 0.036 0.120

$/TPY 0.060 0.060
NGP,ROCKY,NEV,N.MEX

SMM 0.0015 0.054 0.360

$/TPY 0.060 0.090 0.090
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The BAT investment and operating costs for different flow levels as
calculated for the different representative mine sizes in the
different regions are shown in Tables 5, 6, 7, and 8. The costs
shown in these tables are not corrected for construction cost
variations between different regions. The multipliers used for this
correction are shown in Table 9.

D. Projection of Changes in Mining Conditions Between 1976 and 1984

Mining conditions are expected to change significantly between 1976
and 1984 because of:

° Changes in constant dollar unit costs of labor,
power and equipment;

° Changes in labor productivity.

As shown in Figure 6, constant dollar labor and equipment costs have
increased significantly since the early 1970s. Mining equipment costs
have increased at a very high average rate of 11% per year between
1973 and 1975, slowing to 1% per year between 1977 and 1979. The
labor cost index has increased relatively steadily at an average rate
of about 2% per year between 1968 and 1979.

Given the required continued growth in coal supply, labor costs can be
expected to continue to increase in real terms. As shown in Table 19
a continued annual growth rate of 2% is used for the period from 1978
to 1984. The actual average increase of labor costs between 1977 and
1978, resulting from the end-1977 settlement of wage negotiations
between the mine workers' union and coal mine management, 1is
calculated to be 14% over and above inflation.

Real increases in equipment costs (including pollution control
equipment) are judged to gradually decrease from about 11% per year
between 1975 and 1976 to about 0.5% per year between 1978 and 1984,
The high increase in equipment costs - 11% per year - between 1973 and
1976 are judged to have been created by temporary bottlenecks due to
the sudden renewed interest in coal as a fuel. This renewed interest
was brought about by increases in imported crude oil prices at the end
of 1973; these bottlenecks are expected to gradually disappear.

Power costs are projected to increase at an average of 2% per year,
reflecting continued real increases in the costs of all fuels (see
Table 10).

As shown in Figure 7, labor productivity in both underground and
surface mines has decreased dramatically during the last decade.
These decreases are mainly attributable to regulations protecting the
mining environment and mine workers' health and safety. This decline
is expected to continue until 1981, especially for surface mines in
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TABLE 5

BAT COSTS FOR SMALL MINES (0.025 MMT/yr) WITH DIFFERENT FLOW VOLUMES
(Without Correction for Differences in Mining Region or in Mine Type

Flow o/T

Flow MMG/D

Level 2
Log of Flow
INV $MM

OPC $MM/Y

Level 4
Log of Flow
INV $MM

OPC $MM/Y

10
0.685

-.1643
.0350
.0115

-.1643
.2575
.0421

10
0.0685

-1.1643
.0350
.0063

-1.1643
.1494
.0271

102

0.00685

-2.1643
.0350
.0060

-2.1643
L1179
.0270

10
0.000685

-3.1643
.0350
.0060

-3.1643
.1100
.0270

1.0
0.0000685

-4.1643
.0350
.0060

-4.1643
.1100
.0270
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TABLE 6

BAT COSTS FOR LARGE UNDERGROUND MINES (0.6 MMT/yr) WITH DIFFERENT FLOW VOLUMES
(Without Currection for Differences in Mining Region or in Mine Type

Flow G/T
Flow MMG/D

Level 2
Log of Flow
INV $MM

OPC $MM/Y

Level 4
Log of Flow
INV $MM

OPC $MM/Y

10°

16.438

1.2158
.0350
.0485

1.2158
.9039
.1979

10
1.6438

.2158
.0350
.0162

.2158
.3433
.0580

3

102

.16438

-.7841
.0350
.0075

-.7841
L1772
.0299

10
.016438

-1.7841
.0350
.0060

-1.7841
.1236
.0273

1.0
.0016438

-2.7841
.0350
.0059

-2.7841
.1187
.0250
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TABLE 7

BAT COSTS FOR LARGE STRIP MINES (2.0 MMT/yr) WITH DIFFERENT FLOW VOLUMES
(Without Correction for Differences in Mining Region or Mine Type)

Flow G/T 108 102 10 1.0 0.1
Flow MMG/D 5.479 5479 05479 005479 0005479
Level 2

Log of Flow .7387 -.2613 -1.2613 -2.2613 -3.2613
INV $MM 0350 .0350 0350 .0350 10350
OPC $MM/Y 0278 .0107 0061 .0060 0050
Level 4

Log of Flow 7387 -.2613 -1.2613 -2.2613 -3.2613
INV $MM 5481 2410 1441 N7 1100

OPC $MM/Y .1030 .0393 .0267 .0260 .0250
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TABLE 8

BAT COSTS FOR LARGE STRIP MINES (4.0 MMT/yr) WITH DIFFERENT FLOW VOLUMES

(Without Correction for Differences in Mining Region or Mine Type

Flow G/T
Flow MMG/D

Level 2
Log of Flow
INV $MM

OPC $MM/Y

Level 4
Log of Flow
INV $MM

OPC $MM/Y

10
10.96

1.0398
.0350
.0392

1.0398
.7455
.1535

10
1.096

.0398
.0350
.0138

.0398
.2988
.0495

10
0.1096

-.9602
.0350
.0068

-.9602
.1629
.0283

1.0
0.01096

-1.9602
.0350
.0062

-1.9602
.1207
.0282

0.1
0.001096

-2.9602
.0350
.0060

-2.9602
.1200
.0280



Region

NA

CA

SA

MW

CwW

Texas

NGP

Rocky Mtns.

Nev., N. Mexico

TABLE 9
MULTIPLIERS TO CORRECT FOR REGIONAL

DIFFERENCES IN BAT INVESTMENT COSTS

Multipliers

A11 Surface
and New Underground

1.32
1.32
1.28
1.12
1.08
1.00
1.00
1.36
1.26
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TABLE 10

PROJECTED ESCALATION IN COSTS AND LABOR PRODUCTIVITY
USED IN THE MODEL MINE COST ANALYSIS

(1977 is 1.00)

Mining Productivity

Power Equipment Surface Surface (1)
Year Wages Costs Cost Underground East. Regions OQther Regions
1977 1.000 1.000 1.000 1.000 1.00 1.00
1978 1.149 1.020 1.032 0.990 0.90 0.95
1979 1.157 1.040 1.048 0.985 0.85 0.92
1980 1.157 1.061 1.056 0.980 0.80 0.90
1981 1.180 1.081 1.061 0.990 0.808 0.914
1982 1.203 1.104 1.067 1.000 0.816 0.927
1983 1.228 1.126 1.072 1.010 0.824 0.941
1984 1.253 1.149 1.077 1.020 0.832 0.955
1985 1.277 1.172 1.083 1.030 0.841 0.970
1986 and 1.02x (1.02x) (1.005x) (x1.01) (x1.015) (x1.015)
following
year

(1) Surface other includes strip mines in the West, Midwest and Texas
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FIGURE 7
HISTORICAL PRODUCTIVITY INDICES FOR UNDERGROUND AND SURFACE MINES (1967=100)
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the Eastern regions (the relatively small surface mines in these
regions are expected to suffer most from the Surface Mine and
Reclamation Act; the difficult terrain will make it costly to restore
mined areas to conditions required by the Act). BReyond 1981, produc-
tivity is expected to rise again at an averaqe rate of 1.5% per year,
mostly due to a maturing work force.

E. Minimum Required Price Calculation and MRP Function Estimation

Given the input parameter values for mining, productivity and water
treatment costs discussed in the previous sections, the minimum
required prices could be calculated for different mine categories.
The general algorithm of the computer program developed for this
purpose is shown in Fiqgure 8. Given input parameter values for a
specific type of mine model, the program can calculate minimum
required prices for:

. Different planning years in the future;

® Different treatment cost levels;

[ Different remaining 1ives for the mine;

] Different mine labor productivities.
Originally the computer program allowed investment costs and operating
costs to change with mine size. However, analysis of the sensitivity
of MRPs to changes in mine size and productivity revealed that MRP
variations are dominated by productivity variations. Mine size was
subsequently dropped as an independent varirable in the calculations.
This significantly reduced the number of computations required for the
analysis. As shown in Figure 8, the results are ranges of values for:

(] Minimum required price (in dollars per ton);

(] Annual wage payments {in dollars per annual ton);

° Cashflow generated in the planning year ’in dollars
per annual ton);

° Required investment in mining equipment in the
planning year (in dollars per annual ton).

These calculated values {i.e., the dependent variables) are retained
in relation to the pre-specified values of the independent variables,
which are:

° Labor productivity {in tons per miner shift);

(] Mine water flow volumes (in million gallons per
year).
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FIGURE 8

FLOW DIAGRAM OF MODEL MINE COST ANALYSIS PROGRAM
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Next remaining life? VA |

Next planring year? yes

Next water flow level? yes

NO

STOP
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These data are used to estimate parameter values for MRP functions as
described in Section H below.

F. Details of the Minimum Required Price Calculation

The minimum required prices are calculated subject to the following
two conditions:

CONDITION 1: After tax revenues should cover all costs plus a return

1) Sum (PV (INV. (l-credit)}+ WC + OC . (1-t) - DEPR . t))

Sum (PV {PROD . MRP . {l-roy - sevtax) . /1-f1-depl} . t W}

CONDITION 2: In each year of the planning period

2) TPROD . MRP . (l-roy - sevtax) . {1-{1l-depl) . t) - 0C . 71-t) +
DEPR . t1 = T(PROD . MRP . (1-roy - sevtax)] . CONSTANT

where,

MRP the minimum required price in a given year
of the mine's tife.

INV the investment in a given year, including
investment in water treatment equipment.

0c the - operating costs in a given year,
including water treatment costs.

DEPR the depreciation allowance in a given year.
depl the depletion allowance rate.

PROD the production in a given year.

credit the investment credit rate.

t the federal corporate income tax rate.

roy the royalty rate.

sevtax the state and local severance tax rate.

) the present value operator for year t.
Sum summation over the remaining mine life.
WC the working capital requirement (treated as

an investment occurring in the first year
of the mine's life).
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The actual value of the "CONSTANT" will result from the calculations.
For example, if the remaining mine life is 30 years, then we will have
30 equations of type f2) and one equation of type /1), or 31 equa-
tions, which in order to have a unique solution will need to have 31
unknowns: 30 MRPs {one MRP for each year) and the "CONSTANT."

The calculation of the MRPs and the "CONSTANT" is broken down into
four steps:

STEP 1: Calculate: P*, I*, d*, where:

P* = PROD . (1 - roy - sevtax)
I* = Sum . (PV (INV . /1 - credit) + WCY})
d* = (1 - {1 - depl) . t)

STEP 2: Calculate: A* = Sum /PV (OC /1 - t) -
DEPR . t ))

STEP 3: Calculate: CONSTANT = d* - d* . A*/ (A*
+ I*)

STEP 4: Calculate: MRP = /0C . 71 - t) - DEPR .
t)/ (P* . (d* - CONSTANT) =

A/ (P* ., /D* - CONSTANT), WHERE:
A=0C.(1-¢t)-DEPR . t

Substitute: (d* - CONSTANT) . = A* . d*/
(A* + I*)

MRP = A . (A* + I*} / P* . A+ . g*

To relate changes in costs with changes in productivity, a standard
production function is used:

c/c* = (PRTY*/PRTY)F, where:
C

the unit operating or investment costs !in
dollars per ton) related with a produc-
tivity PRTY (in tons per miner shift}).

C* = the unit operating or investment costs
related with the benchmark productivity
PRTY*.,

-n
n

a factor with a value between zero and one.



Higher labor productivity within the same mine implies lower unit
labor costs and higher mining equipment costs. Therefore, a positive
value of F relates labor costs with productivity and a negative value
of F relates equipment costs with productivity. In the analysis a
value of +0.8 was used to relate unit equipment costs with labor
productivity; a value of -0.8 was used to relate unit labor costs with
labor productivity.

G. Sample OQutput

A detailed example of the results of the calculations described in the
two previous sections is shown in Table 11. The results are for a
large underground mine in Northern Appalachia, where mine water flows
are mainly acid (see Table 3 for input parameter values). The
treatment costs are for level 4.

Table 11 shows the results of the calculations for control cost levels
corresponding with a high, medium and low flow for an existing mine
and for a new mine. The price difference, because of different flows,
can be as high as $.50/ton. The price difference because of different
productivities can be as high as $18.9/ton.

H. Estimated Function Parameter Values for MRP, Wages, Cashflow and
Required Investment in Mining Fquipment

The last step in the calculations performed by Module 2 consists of
the estimation of function parameters relating the dependent variables
- minimum required price, wages, cashflow and required investment in
mining equipment {all in dollars per annual ton produced! - with the
independent variables - productivity (in tons per miner shift) and
water flow level (in gallons per annual ton of coal produced®.

The following functional formula provided a good correlation between
the values of dependent variables calculated by the program described
in the previous section, and the pre-specified values of the indepen-
dent variables:

DV = Log(a) +b . Log(FLOW) + ¢ . Log/PRTY}

DV = the dependent variable (MRP, wages,
cashflow, investment in mining equipment,
all in dollars per ton)

PRTY

productivity [in tons per miner shift)

FLOW

mine water flow volume (in million gallons
per year)

a,b,c = estimated parameter values
The parameter values a, b, and ¢ are estimated using a standard,

ordinary least-squares regression program.
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TABLE 11

RESULTS OF MODEL MINE ANALYSIS
LARGE UNDERGROUND MINES IN NORTHERN APPALACHIA: (1)
REQUIRED PRICE, WAGES, CASHFLOW, INVESTMENT, TREATMENT COSTS

HIGH FLOW (10,000 G/T)

~N o
H O O

~ On
H 00 O &

- 0 O

NEW MINE OLD MINE

Labor Productivity (T/MSH) Labor Productivity (T/MSH)

Low Medium High Low Medium High

7 10 24 7 10 24
Price 43.1 35.0 24.2 41.5 33.3 22.
Wages 13.4 10.1 5.0 13.4 10.1
Cashflow 6.7 6.7 8.6 6.0 5.9
Investment(2) 35.2 43.6 77.7  15.1 20.1 20.
Treatment Cost:
Operating 0.38 0.38 0.38 0.38 0.38 0.
Investment 2.1 2.1 2.1 1.6 1.6 1.

Medium Flow (100 G/T)
Price 42.6 34.4 23.8 41.2 33.0 22.
Wages 13.4 10.1 5.0 13.4 10.1
Cashflow 6.6 6.6 8.5 5.9 5.9
Investment(z) 35.2 43.6 77.7 15.1 20.1 40.
Treatment Cost:
Operating 0.06 0.06 0.06 0.06 0.06
Investment 0.42 0.42 0.42 0.32 0.32
Low Flow (1 G/T)

Price 42.6 34.4 23.8 41.2 33.0 22.
Wages 13.4 10.1 5.0 13.4 10.1 5
Cashflow 6.6 6.6 8.5 5.9 5.9 7
Investment (2) 35.2 43.6 77.7 15.1 20.1 40.
Treatment Cost:
Operating 0.05 0.05 0.05 0.05 0.05 0.
Investment 0.28 0.28 0.28 0.21 0.21 0.

]All costs are in dollars per annual ton.

2Required investment in mine equipment (and facilities) to open the mine or
to keep the old mine producing.
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Table 12 shows the estimated values for a, b, and c for the same mine
model used as an example in the previous section. As shown by the
values of the correlation coefficients (see Table 12), the values of
MRP, wages, and required investment in mining equipment, estimated by
the functions, deviated less than 1% from the original values; the
estimated cashflow values deviated less than 7% from the orgininal
values.

V. REGIONAL SUPPLY CURVES (MODULE 3)

Module 3 operates on the regional mine files with production and pro-
ductivity information for individual mines in 1975 obtained from the
MESA file. As shown in Fiqure 9, Module 3 performs six main func-
tions:

° Organizes the mines in each region into three major
categories (met coal, contract and spot market
steam coal);

[ Changes the population on these regional files by
retiring old mines and opening new mines;

° Estimates mine waterflows for the individual mines
and calculates the required investment and opera-
ting costs to treat these flows;

° Calculates estimates for minimum required price,
wages, cashflow and required investment for these
mines;

° Rank orders the resulting regional mine population
by increasing price;

° Fits a linearized function to the resulting list of
mines, relating increasing price with increasing
production from the region.

A. Separation into Major Coal Markets

As explained in the introduction it is assumed that the steam coal and
the metallurgical coal markets operate completely independently of
each other. The steam coal market consists of the spot and contract
markets; these markets are assumed to have only limited interaction
with each other.

In order to create three different mine files for each region, two
decision rules are used:

° A1l underground mines with productivities of 1less

than nine tons per miner shift are assigned to the
met coal file;
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New Mines

Dependent Variable

Minimum Required Price
Wages

Cashflow

Investment In

Mining Equipment

Existing Mines

Dependent Variable

Minimum Required Price
Wages

Cashflow

Investment In

Mining Equipment

1

TABLE 12

ESTIMATED FUNCTION PARAMETERS FOR
LARGE UNDERGROUND MINES ON

NORTHERN APPALACHIA

Function Parameters

a

104.9542
63.6449

4.2516
10.0138

b

0.001538
0.0
0.001842
0.000

Function Parameters

a
105.2204
63.6449
3.603
3.1785

D
0.001104
0.000
0.000431

0.000

C

-0.473198
-0.800

0.208694
0.64198

C
-0.493478

-0.800
0.231647

0.800

Correlation Coefficient (R?)

0.99474
1.000

0.9327
0.99966

Correlation Coefficient (R2)
0.99409
1.000
0.93239
1.000

The function parameters a,b, and ¢ relate the dependent variables (MRP, wages,

cashflow or investment) with the independent variables, mine labor productivity
(PRTY) and log of flow.

DV = loga x log of flow

b

x PRTYC
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FIGURE 9

MAIN FUNCTION OF MODULE 3:
ESTIMATION OF REGIONAL COAL SUPPLY BY PRICE in 1984

Production Data for Existing
Mines in 1976
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01d & New Mines with Price
and Cost Data

Rank Order by Ascending Price (:)
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File with Mines in 1984 by
Ascending Price

Linearize (:)

e

Linearized Supply Curves
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. A1l small mines - mines with less than 50,000 tons
of production in 1976 - are assigned to the spot
market file.

These decision rules are admittedly crude. However, the 1976 supplies
from these met coal mines obtained in this manner for the different
supply regions corresponded remarkably well with the available infor-
mation on actual supplies from the same regions.

The hypothesis that underground mines with low productivities are most
probably metallurgical coal mines is based on two considerations.
Firstly, metallurgical coal is a relatively scarce resource, nccurring
mostly in deeper and thinner seams that are generally more difficult
to mine. Generally, therefore, met coal mines have lower labor pro-
ductivities and correspondingly higher production costs. Secondly,
underground mines with productivities /as measured in this analysis)
below nine tons per man-day are not competitive at today's prices.

As shown in Table 13, the total amount of coal opurchased in spot
markets by utilities in 1976 is about double the amount produced by
small mines assigned to the spot market file, using the decision rule
mentioned above. The differential amount of coal supplied to the spot
market in the analysis is taken from contract mines, using the
percentages shown in Table 14 to estimate the relative volumes of spot
market coal from the different supply regions. These additional
volumes are assumed to be available at variable costs because fixed
costs are already paid for by contract sales.

B. Changes in the Mine Population

Steam coal supply is expected to grow at an annual rate of 4-59%
between 1979 and 1984. In the analysis it is assumed that all of the
increased production will come from large mines. Small mines ‘i.e.,
those with less than 50,000 tons per year production) will be more
affected by the various environmental regulations /including the water
control standards analyzed here). Also, the majority of coal use in
the future is expected to be by electric utilities, which will be more
interested in longer term contracts because of their emphasis on
security of supply.

The estimates of the number of large mines closing between 1976 and
1984 are calculated using annual attrition rates obtained from the
MESA Mine File analysis. The resulting attrition rates, compounded
for the total period of nine years between 1976 and 1984, are shown in
Table 14.

In the simulation of changes in regional mine populations, the
smaller, least productive mines from the 1976 mine file are retired
first. For mine sizes smaller than 200,000 tons, the size of the
replacement mine is assumed to be twice the size of the old mine. The



TABLE 13
CONTRACT AND SPOT MARKET COAL SUPPLIED TO ELECTRIC UTILITIES IN 1976

(000 Tons)
Spot as Percent

Percent of

Origin Total Contract Spot Spot Total Spot
Pennsylvania 40,940 29,058 11,882 29.0% 18.9%
Ohio 40,135 31,265 8,870 22.1% 14.1%
Maryland 2,412 902 1,510 62.6% 2.4%
Northern WV 26,981 23,402 3,579 13.3% 5.7%
Southern WV 17,558 15,883 1,675 9.5% 2.7%
Virginia 13,642 11,589 2,053 15.0% 3.3%
E. Kentucky 52,722 39,225 13,497 25.6% 21.4%
W. Kentucky 49,440 44,644 4,796 9.7% 7.6%
Tennessee 7,225 6,154 1,071 14.8% 1.7%
Alabama 13,940 9,967 3,973 28.5% 6.3%
I1linois 49,140 45,897 3,243 6.6% 5.2%
Indiana 23,817 20,078 3,739 15.7% 5.9%
Iowa 601 444 157 26.1% 0.2%
Missouri 4,056 4,019 37 0.9% 0.1%
Kansas 2,317 1,898 419 18.1% 0.7%
Oklahoma 2,503 1,832 671 26.8% 1.1%
Texas 11,867 11,855 12 0.1% 0.02%
North Dakota 10,031 10,011 20 0.2% 0.03%
Montana 24,958 24,858 100 0.4% 0.20%
Wyoming 25,781 24,956 825 3.2% 1.3%
Utah 4,632 4,391 241 5.2% 0.40%
N. Colorado 1,487 1,041 446 30.0% 0.70%
S. Colorado 4,174 4,053 121 2.9% 0.20%
Arizona 10,258 10,258 0 0.0% 0.00%
New Mexico 8,465 8,465 0 0.0% 0.00%
Washington 3,600 3,600 0 _0.0% 0.00%

TOTAL 452,682 389,745 62,937 13.9% 100. 00%

Source: FPC Form 423
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TABLE 14
ATTRITION RATE PARAMETERS

The following tables specify the attrition rates used for mine retire-
ment and replacement simulation when projecting changes in the contract mine
population between 1976 and 1984.

The data are organized in three sets of four records (a record is a
line in the table). The first set specifies attrition rate parameters for
underground mines and the last set of records is for surface mines.

The first line in each set of records has the attrition rate for the
corresponding size range: the second and third records give, respectively,
the lower and upper limits of the mine size range; and the fourth record gives
the maximum mine size for replacement mines. The last or thirteenth record
in the table specifies the increase in mine size of replacement mines: mines
with sizes of up to half a million tons, which were closed between 1976 and
1984, were assumed to be replaced with mines twice the size of the closed

mines.

Annual attrition rate: 0.52 0.35 0.19 0.13 0
Mine size: lower liwmits: 0.05 0.10 0.20 0.50 1
Mine size: upper limits: 0.10 0.20 0.50 1.00 10.
Max imum "l]'ine Size: 10.0 ]00 ]00 10.0 1

underground mines

Annual attrition rate: 0./5 0.59 0.35 0.25 0.19
Mine size: lower limits: 0.05 0.10 0.20 0.50 1.00%surface mines
Mine size: upper limits: 0.10 0.20 0.50 1.00 10.00

Maximum Mine Size: 10.0 10.0 10.0 10.0 10.0
Replacement mine size 2.00 2.00 2.00 1.00 1.00
Multiplier:

*
Notes mine size in millions of tons per year.
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productivity of the replacement mine is obtained by the sampling nf a
productivity distribution derived from analysis of the MESA tape.
These productivity distributions are shown in Table 15.

The simulation of the closing of old mines is continued until all are
retired. Simultaneously, the opening of replacement mines is
simulated, insuring that the sum total of productive capacity for the
individual mines does not exceed total projected productive rapacity.
If, after the retirement of old mines and the opening of replacement
mines, additional productive capacity is still needed, the simulation
continues to add new mines. The simulation of new mines starts at the
high end of the mine size range and gradually works toward the low and
until all projected new capacity for the region is realized. The
percentage distribution of mines over different mine size categories,
determined for the 1976 mine population {see Table 16}, is used to
allocate new mines to different size classes. The result of the
simulation is a file containing old, replacement, and new mines.
Table 17 shows the projected increases in capacity for the different
regions.

For each mine added to the mine file the annual water flow to be
treated is estimated. This is done by calculating an average flow as
a function of the size of the mine and by sampling a distribution
which specifies the spread around that average. The parameter values
for, and functional relationships between, average flow and mine size,
and the distributions of the spreads around the average are shown in
Table 18.

Given the size and productivity of the mine and the water flow
estimates, the minimum required price, wage payments, cashflow,
required investment in mining equipment and additional required
investment in water treatment equipment can be calculated. This is
done with the functions estimated in Module 2 by modelling the mine
cashflow analysis, as discussed in Section 1V.

C. Detailed and Linearized Supply Curves

M

The result of this sequence of calculations is a list of old and new
mines in the region under analysis. This list, after being ordered by
ascending price, is stored for future use in the impact analysis.

Table 19 shows an example of this mine file for Pennsylvania with
estimated water treatment costs specified for BAT level 4. This list
of mines, specifying cumulative potential coal supply in 1984 by in-
creasing price, is essentially the projected "detailed" supply curve
for that region in 1984.

As shown in Table 20, linear approximation of the detailed supply
curve is used in the coal market simulation model. The linear

(])Inc1uding replacement mines
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TABLE 15
MINE PRODUCTIVITY DiSTRIBUTIONS

The following tables (15.1, 15.2, 15.3, 15.4) contain data on mine
productivity distributions, used to obtain replacement and new mine pro-
ductivity estimates as discussed in Chapter I.

The first three lines in the tables contain parameter values to cal-
culate average productivity (in tons per miner shift) as a function of
mine size for underground mines, a dummy mine type and surface mines,
respectively. The next three lines contain._nine fractile distributions
of the ratio of the actual versus average calculated productivity. The
fractiles for these distributions are.0.0, 0.01, 0.05, 0.25, 0.50,
0.75, 0.99, and 1.0.

The first parameter in each of the first three lines of the tables
specify the average tons per mineshift of mines with an annual production
(in million tons per year) as specified by the second parameter value.

The third and fourth parameter values (P3 and P4) allow calculation of the
average productivity (PRODTY) for a mine with a stze of S million tons per
year by

PRODTY = P3 + P4 . 1n (1In S)

B-42



average produc. v iuy paravcicrs

productivity cdi~:truhutions (as ¢
ratio of avere: s productivic, )

averaye product i*1°y parameters

productivity di-{tibutions (as a
ratio of aversge productivity)

averace producfivity parameters

productiy 1ty distributions (as a
ratio of average productivity)

(1) Underground mines

(3) Surface mines
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average productivity parameters

productivity distributions {as a
ratio of average productivity)

TABLE 15.1: LARGF UNDERGROUHD AMD SURFACE MINES IH THF EAST
(1) 12.0 200. -2.72 9.50 6.0
(2) 0.00 0. 0.00 0.00 0.0
(3) 25.0 200. -1.00 15.79 10.0
(1) 0.60 0.60 0.650.75 0.95 1.20 1.90 1.95 2.00
(2) 0.00 0.00 0.00 0.00 006G 0.70 0.00 0.00 0.00
(3) 0.35 0.40 0.46 0.67 0.87 1.04 1.30 1.50 1.50
TABLE 15.2: LARGE UHDEDGROUND AMD SUPFALE MINES
IN THE MIDVEST AND CENTRAL WEST
(1) 15. 200. -2.72 1n.12 6.0
(2) 0. 0. 0.00 0.00 0.0
(3) 30. 200. -1.00 18.50 10.
(1) 0.65 0.71 0.840.94 1.00 1.C3 1.6 1.29 1.35
(2) 0.00 0.00 0.000.00 0.9 0.00 0.00 0.00 0 00
(3) 0.39 0.41 0.47 0.567 0.88 1.03 1.33 1.48 1.50
TABLE 15.3: LARGE UNDERSROUND AND SURFACL MINES
IN THE NORTHERH GREAT PLAINS
i1) 15. 200. -2.72 11.12 6.0
2) 0. 0. 0.90 0.00 0.0
53) 100, 5000. .-226 .0&0 152.25 30.
1) 0.65 0.71 0.840.941.00 1.031.16 1.29 1.35
{(2) 0.00 0.00 0.000.000.00 0.00 0.00 0.00 0.00
(3) 0.85 0.85 0.87 0.920.99 1.031.06 1.17 1.20
TABLE 15.4. LARGE UNDERGROUND AMD SURFACE NTHIES
IN THE ROCKY MOUNTAINS, SCUTHUEST AND TEXAS
(1) 15. 200. . -2.72 11.12 6.0
(2) 0. 0. 0.00 0.00 0.0
(3) 60. 5000. -24.76 39.94 20.
(1) 0.65 0.71 0.840941.60 1.031.16 1.29 1.35
(2) 0.00 0.00 0.000.000.00 0.7 0.07 0.00 0.00
(3) 0.85 0.85 ©.860930.99 1.03 1.06 1.17 1.20
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15.

12.

. ALA

. ARI

. ARK

. COLO

. ILL

. I0WA

IND

. KAl

EKY

WKY

MD

TABLE 18

EXISTING PRODUCTION OF CONTRACT MIWNES IN 1976
IN DIFFERENT SIZE RANGES
(Size Ranges in MM Tons)

0.05-0.1 0.1-0.2 0.2-0.5 .5-1.0 1.0-10.0 HOIAL
Underground 0.0 0.0 0.372 1.542 1.0N 2.985
Surface 2.706 5.267 4.264 2.538 13.593
Underground 0. 0.
Surface 10.282 10.283
Underground 0. 0. 0.
Surface 0.371 0. 0. 0.37N
Underground 0. 0.109 1.178 0.950 0. 2.127
Surface 0.097 0.124 0.247 1.036 4,989 6.373
Underground 0.073 0. 0.476 3.142 28.476 32.17
Surface 0.511 0.195 3.592 5.728 18.012 27.948
Underground 0.087 0. g0.221 0.308
Surface 0.178 0. 0. 0.178
Underground 0.068 0. 0.363 0.432
Surface 0.322 1.639 1.653 3.288 18.445 25.360
Underground 0. 0.
Surface 0. 0.107 0.209 0.529 0.846
Underground 3.952 5.422 8.427 7.472 2.315 25.75
Surface 5.268 9.027 8.302 2.790 7.402 30.01
Underground 0.054 0.157 1.811 7.602 12.631 22.264
Surface 1.367 1.251 2.087 5.398 17.077 26.825
Underground 0.150 0.150
Surface 0.468 0.887 0.735 2.0
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16.

19.

18.

20.

28.

22.

23.

24.

25.

10.

. MISS

NMEX

OKLA

OHIO

PENN

MONT-E

ND

SD

TENN

TEX

UTAH

VA

WVA-N

Yable 16 cont'd

0.05-0.1 0.1-0.2 0.2-0.5 0.5-1.0 1.0-10.0 TOTAL
Underground 0. 0.
Surface 0. 0. 0. 3.058 2.636 5.797
Underground 0.830 0.830
Surface 0.107 0. 0.865 7.979 8.947
Underground 0. 0.
Surface 0.488 1.022 0.222 o. 1.678 3.292
Underground 0.087 0.305 0.320 5.649 4.211 10.4
Surface 3.476 4.646 6.329 5.507 7.701 27.1
Underground 0.835 2.461 6.602 6.111 9.613 25.05
Surface 5.956 8.551 11.120 8.129 2.183 34.67
Underground 0.
Surface 0.288 o} 25.792 25.795
Underground 0. 0.
Surface 0.128 0.747 0. 11.389 12.269
Underground
Surface
Underground 0.422 0.936 0.516 (0.844) 1.881
Surface 0.540 1.743 1.419 3.349
Underground 0. 0.
Surface 0.282 19.216 14.2
Underground 0. 0.960 1.289 4.364 1.038 7.6R7
Surface 0. 0.
Underground 3.213 2.330 4.2¢7 0.692 9.989
Surface 3.076 3.109 2.097 0.514 8.463
Underground .100 .100 . 300 .80 15.00 16.715
Surface 0.500 0. 0. .45 6.350 7.026
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11. WVA-S

26. WASH

29. WYO

Total

Table 16 conc'd

0.05-0.1 0.1-0.2 0.2-0.5 0.5-1.0 1.0-10.0 TOTAL

Underground .150 .050 . 300 0.500 25.40 26.779
Surface .100 .100 .200 .550 9.90 10.991
Underground 0. 0.
Surface 0 4.084 4,084
Underground 0. 0.203
Surface 0 2.417 26.479 28.985

34.465 50.877 69.953 83.577 301.289 540.161
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TABLE 17

ESTIMATED POTENTIAL INCREASES IN MINING CAPACITY UNTIL 1984
MMT Per Year

NEW_MINES REPLACEMENT MINES NEW + REPLACEMENT MINES
UG SURFACE UG SURFACE UG SURFACE
1-FENN 15.9 0.4 4.6 15.9 2.5 6.5
2-0HID 16.6 2.6 1.5 10.4 18.5 13.5
3-MARYLAND 1.8 1.0 0.05  0.26 2.0 1.5
4-W. VA. - 1.5 8.3 2.2 i 4.0 10.5
5-W. VA. -5 13.8 1.6 3.5 2. 17.5 4.0
6-VIRGINIA 3.1 0 3.4 5.0 6.5 5.0
7-E. KY. 10.4 21.5 6.8 14.3 17.5  35.0
8-TENNESSEE 0 0 1.0 0.50 1.0 0.5
9-ALABAMA 4.0 4.3 0.4] 7.3 4.5  11.5
10-ILLINOIS 22.6 9.6 4.2 6.6 27.0 16.5
11- INDIANA 2.0 10.6 0.13 6.1 2.5  17.0
12-W. KY. 3.5 4.5 3.1 7.1 5 11.5
* o OWA 0.13 0.5
1wl ISSOURI 1.3 1.5
15-KANSAS 0.13 0.5
16-ARKANSAS 0.28 0.5
17-0KLAHGMA 2.0 3.1 1.4 2.0 4.5
18-TEXAS 40.0
19-N. DAK 70.0
20-5. DAK 0.0
21-MONTANA E. 75.0
22-MONTANA W. 0.0
23-WYOMING 7.0 220.0
24-COLO - N 0.39 1.4 .5 1.0
25-COLO - § 0.0
26-UTAH 1.3 18.0 7.5
27-ARIZONA 2.5
28-N. MEXICO 35.5

29-WASHINGON

(WAL 97.2 67.5 32.58 80.7 15.95 611.5
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Multiplier

.2548
.6274
.3137
.6569
.8284
.4142
.7071
.3536
.1768
.0884
.0442
.0221
.0110
.0055

OCOO0OO0COCOOO—~=N0!

TABLE 18

MINE WATER FLOW DISTRIBUTIONS

Parameter Values to Calculate Average Flow (Flow in
MMG/day) as a Function of Mine Size (Size in MTons/year)

FLOW = A .
REGIONS: A

NA, SA, CA 0.00078

M, CW, TX 0.01951
NGP, RM, NEV,

NMEX 0.06364

s1ze8

0.4754
0.1651

0.0

Frequency Distributions of Multipliers to Allow
for the Variation Around Average Flow Frequency

NA,CA,SA MW ,CW, TX
0.0 0.018
0.027 0.070
0.072 0.053
0.162 0.140
0.072 0.140
0.144 0.158
0.135 0.088
0.126 0.088
0.135 0.070
0.054 0.070
0.018 0.070
0.018 0.035
0.009 0.0
0.028 0.0
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6%-€

NUMBER

by
%43
LYY
445
LYY
447
448
449
450
45)
452
453
454
455
WSe
&57
45p
459
460
4o}
LT.Y.
463
L1.1
465
LY
467
468
Lo
&70
47
b2
713
474
“7s
L6
“r7
478
“79
480
491

(1)

PRODUCTION

46,20
44,30
64,40
46,50
44,A0
44,70
Lo, R0
44,90
45,00
45,10
45.20
65,30
4S.60
45,50
#5,60
45,70
4S.A0
45,90
46,00
46.10
4h, 20
46,30
YY)
46.50
Lh.HO
46.70
46,80
46,90
47,00
“7.10
47.20
47,30
LT,40
47.50
LT.m0
47.70
47,80
47.90
48,00
48,10

cosTt

976,45
979,42
982,38
985,35
988,32
991.29
994,77
997.7°5
Ioﬂﬂozft
1003.23
1006.72
100%.22
1012.724
1015.75
101R.24
1021.10
1024,32
1027.3%
103n.36
1n33.38
1036.40
1039.42
1042 44
104546
104R 48
1051.50
1054,.%52
1n&€7.55
106050
1063.60
1066,.63
109,45
1072.68
1075.71
107TR, T4
1081.77
10R4,80
1087.84
109n.88
1093.91

TABLE 19

DETALLEUD SUPPLY FUNCTION FOR PENNSYLVANIA, 1984

Supply Function for Mine Type: 1

PRICE

29.66
29.56
29.5h6
29,00
29.72
29.72
27.45
29.:45
29.49
29.»9
e7.79
29.99
30.71
30.21
30,21
30.71
30.21
Jn.2]
30.21
30.21
30.71
30.21
30.2}
30.21
30.21
30.71
0.0
20,206
30.26
30.26
30.26
30.29
30.49
30629
30.29
30.2%
30.37
30.37
30,37
30.37

Pennsylvania, 1984

NO, MINES

180
180
180
180
181
181
182
182
183
183
184
184
185
185
185
185
185
185
185
185
185
185
185
185
185
185
186
186
186
184
186
1R7
187
187
187
188
189
189
189
189

EMPLOYMENT

25“25058
25“25.’08
25‘25.“8
75475.,4A
25T19,4R8
25T19,.4%8
25A77,48
25R71,48
2590R.9)
25908,93
26117,93
26117.93
26149,51
26149,51
26149,51
26149,.51
26149,51
26149,51
26149,5]
2614%,.51
26149,5]
26143,51
26144,5]
26149,51
26149,51
26149,.51
2725R,51
27254,51
27258.51
27258.51
27258.51
2T280.29
2 h.l‘.f!. ?9
272R0,.29
27280.29
27389.29
27411.07
27411.07
27411,07
27411.07

WAGES

301602
30) .02
301042
J0)e42
303.21
Jo3.ul
305.72
30%.72
307.22
307.7¢
30BN
J0ALNY
321.13
321.)3
321.13
321.13
J21.12
I21.13
321.13
321.13
J21.13
321.13
321.13
J2t.}13
321.13
321.12
3P4 MS
374.75
24435
324 RS
324,015
Jrteh
321erD
2T .R0
327.60
329.¢06
33%5.15
335.15
335.15
"~ 335.15

N . ) .
! )Number of increments of .1 million tons of production canacity

FLOW

CASH FLOW
40.56 225.54
40,54 225.54
40.54 225.%4
L1 PR 225.%4
an.7s 227,11
40,75 227.11
40.An 278.21
40,86 279.21
“0,.H9 229.348
40.R9 229,38
4l.01 229.97
41,01 229.92
“l1.19 23%.%4
el.19 239.54
“l.19 239,54
“l.,19 239.54
41.19 ?239.54
“l.19 239.54
41,19 239.54
41.19 239.%4
41,19 219,54
“1.19 239.54
“1.19 219,54
“l.}9 239.54
41,19 239.54
4l.19 239.%54
hlehk 243, 0k
41.56 243.168
bl.h4 243,06
4l.h6 243.06
41.64 243.0A
42,34 245,67
42434 245,67
42,4 245.67
“2.3“ 2“5.67
W2, 47 246.25
43,25 251,97
%3.25 251,97
43.25 251.97
43.25 251.97

MINE EOPT

1209,8]
1209,81
1209.81
1207.81
1221.51
1221.51
1226.89
1226.089
1231,28
1231.72R8
1233.A9
1233.89
1269,.57
1269,S7
1269,57
1269,57
1269,57
1269,57
1269,57
1267,57
1269,57
1269,57
1269,57
1269,.57
1269.57
}26%,57
1295.43
1295.43
1295.43
1295.43
1295.43
1314,50
1314 .60
1314,60
1314,60
1317.40
1359,33
1359.33
1359,33
1359.33

CONTROL EQPT

46,33
44,33
44,33
46,33
46,33
46,33
46,62
44,62
&4 AB
44,06
44,06
44,86
45,08
45.08
45,08
45,08
45.08
45,08
45,08
45,08
45,08
45,08
45.08
45.08
45,08
45 .08
45,09
45, 0B
45,08
45.08
45,08
45,55
45,55
45,55
45.55
45,55
45,55
45,55
45,55
45,55
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NUMBER

482
483
484
4aS
4R6
Q7
48
439
%90
«g9)
%92
493
©96
495
496
497
498
499
Soo
Sol
Soe
503
504
S0s
So06
So7?
So8
509
S10
511
512
513
514
S1s
516
517
518
519
$20
521

PRODUCTION

‘.a.?n
43,30
48,40
48,50
48,60
48,70
48,80
48.90
49,00
09,10
©9,20
49,30
49,60
49,50
©9,60
49,70
49,80
©9,90
S0.00
50,10
50.20
S0.30
50.40
50,50
50.60
50.70
S0.680
50.90
51,00
Sl.l0
51,20
51.30
S].40
51,50
51.60
Sl.7o
s5l.80
S1.90
52,00
S2.10

cosTt

1094,95
1099.99
1103,02
1106,06
1109.10
1112.14
1115.18
1118.2]
1121.45
1124,29
1127.33
1130.37
1133,40
113A.46
1139,%8
1142.72
1165,56
114R,60
1151.65
1154.69
1157.76
1160.80
1163.R5
1164.90
1169,96
1173.01
1‘7".07
1179.12
11R7.18
118,23
11R8,29
1191.36
1194,39
1197,45
1200.50
1203.56
1206.62
1209,69
1212.76
1215,.83

PRICE

30,17
30.37
30.37
30.37
30,78
30.J8
30.138
30..48
30,18
30.18
30.38
30. ‘8
30.38
30,438
30.38
30.38
30.38
30,46
30.66
30.46
30,55
30.55
30,55
30.55
30.55
30,55
30455
30.55
36.55
30.55
30,55
30.55
30,55
30455
30,55
30.55
30,67
30,67
30.69
30.69

NO, MINES

189
189
189
189
190
190
190
190
190
190
190
190
190
190
190
190
190
191
192
192
193
193
193
193
193
193
193
193
193
193
193
193
193
193
193
193
194
194
195
195

TABLE 19 (cont'd.)
SUPPLY FUNCTION FOR MINE TYPE: 1
Pennsylvania, 1984

EMPLOYMFNT

2741),.07
27611,07
21611,07
21411.07
27642 ,98
27642.9R
274642.98
2744L2,98
274642 ,98
27442.98
27442,98
21442.9R
27442 ,98
2T442.98
27442,.98
27442.58
27442,9R8
27631.9A
278]11.98
27811.98
27831.76
27833.76
2T7R33. 76
27833,.76
27R313,76
278313.76
27831,76
27833.76
278313,76
278313.76
27831.76
27833,76
27833,76
278313,76
27833.76
27833.76
28198,.76
28198.76
28231,03
28231,03

WAGES

335.15
335.15
335.15
335.15
366,12
346.12
J46.12
346012
3u6el2
366,12
Js6.)2
346012
Jab. 12
346.12
346.12
346.12
J4u6.12
347.60
350.02
3%0.02
362.15
362.15
362.15
362.15
362.15
362.15
362415
36:615
367415
367415
362.15
362.15
362.15
362.15
362,15
362.15
36“.1“
364,14
368.30
368.30

(])Number of increments of 0.1 million tons production capacity

FLOW CASH FLOW

43,25
%3,25
43.°5
43,75
43,87
43,87
43.82
43.Hp
43,87
43,82
©3,82
43,82
“3.8?
43,82
43 ,Rp
43,82
“3,8?7
43,96
W4,17
6,17
45,65
45,65
“5.6;
645,65
45,65
45,65
45,65
4% .65
6%,65
45,65
45,65
45,65
45,65
45,65
45,65
45,65
4S,66
45,66
45,70
45,70

251.97
251.97
251.97
251.97
260.29
260.29
2£0.29
260.79
260.79
260.79
260.79
260.29
260.29
260.29
260.29
260,29
260.29
260.87
261.A1%
261.R3
273.0R8

273.08

273.0R
273.0A8
273.0R
273.0A8
273.0R
273.0R8
°71.08
273.08
273.0R
273.0R
273.08
273.0R
2T3.0R
273.08
274,88
274,88
277.96
277,96

MINE EQPT

1359.33
1359.33
1359,33
13%99,.33
1390.00
1390.00
1390.00
1390.00
1390,.00
1390.00
1390.00
1390.00
1390.00
1390.00
1390.00
1390.,00
1390.,00
1392.79
1397.41
1397.61
1479,46
1479,46
1479,46
1479,46
1479,646
16479,46
1479.46
1679,46
179,46
1679,.46
1479,46
1679.46
1479,.46
1479,46
1479,46
1479,46
1492,52
1492.52
1503.71
1503.71

CONTROL EQPT

45,55
45,55
45,55
45,55
45 ,RS
45.85
45,85
45,85
‘5.85
‘05.“5
45,85
45,85
45,85
45,85
45,85
4S,.A5
%5,.85
45,85
45,85
45,85
46,23
46.23
46,2
46,23
“6,23
46,23
46,23
46,23
46.23
46,23
46,23
46,23
46,23
46,23
46,23
46,23
46,62
46,42
46,62
46,62
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TABLE 20

LINEARIZED SUPPLY. CURVE FOR PENNSYLVANIA

(BAT-4)

?gpply Cu?:l::1ve Unit Price Number
(10" “Btu’s) ($MM) ($/MMBtu) Of Nines
2.28 0.98 .43 1
15.96 7.82 .50 3
31.92 17.08 .58 7
79.80 50.11 .69 13
134.52 94.98 .82 23
335.16 289.61 .97 59
679.41 688.94 1.16 131
971.22 109 .63 1.38 170

1424 .90 1289.13 1.61 243
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approximation is obtained by ordinary least-squares regression of a
series of linear functions between cumulative cost [(i.e., production
times price) and cumulative potential production; the length of the
linear segments and the number of segments follow from a minimum
accuracy requirement.

For the impact analysis, minimum required price values specifying the
beginning and the end of linear segments are not allowed to deviate by
more than 10% from the estimated highest or lowest values of the
previous segment.

VI. COAL MARKET SIMULATION (MODULE 4)

Module 4 organizes the results of the 1984 projections (i.e., regional
supply, demand, transportation and utilization costs) in a linear pro-
gram, which balances supply and demand in coal markets.

A. Sulfur Content Distributions, Air Quality Control Standards and
Coal Utilization Costs

Sulfur content distribution for coals from the different supply re-
gions is derived through analysis of information on 1976 coal pur-
chases by large utilities, obtained from the Federal Power Commission.
The results of this analysis are shown in Table 21.

The cost of coal use for a specific plant is a function of the air
emission control standard with which the plant must comply. Two
different sets of standards are required for the analysis. The first
set {the so-called SIP), issued by the individual states, establishes
permissible emission limits for plants constructed prior to 1976. The
second set (the so-called NSPS), which applies to all plants rons-
tructed between 1976 and 1984, is issued by the federal government.

The estimated ratios of demand by old plants subject to different
sulfur emission limits set by SIP standards, {in terms of pounds of
sul fur found in stack gas per million Btu of coal burned) are shown in
Table 22. These ratios are essentially the same as those used in the
National Coal Model. The sulfur emission limit set by the NSPS stan-
dards is 0.6 pounds per million Btu of coal burned.

The derivation of utilization costs for different coals is extensively
discussed is Chapter VI of Appendix A of this report. Table 23 shows
the utilization costs which are used in the analysis for new and old
plants subject to different sulfur emission 1limit standards and
burning coals with different sulfur contents. The utilization cost
differentials shown in Table 23 are required because of significant
differences in other coal quality characteristics, Ssuch as Btu per
pound and ash and moisture content.
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TABLE 21

RATIOS OF COAL AVAILABLE iIN DIFFERENT SULFUR CONTENT RANGES
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RATIOS OF COAL DEMAND SUBJECT TO DIFFERENT
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TABLE 23
COAL UTILIZATION COSTS

Cost of Burning as a Function of SIP Limit and Coal Sulfur Content

CuST OF Brad l'vs Fur EXIGTING PLANTS N3/M3TU) COAL S LU/MMBTU HOR.s SIP LIMIT
COAL S Lts/zrnsTy 0,0 0.6 09 1.5 1.%0 1,7 2,00 3.00 4,00 5.00

Sl <0,3 1o50 1476 1477 1483 lobb 1,65 1,86 1,90 2,00 2.11
Sl <G,46 1.0 lefa ,.67 lo'“ 1e?4 1,75 1,706 1e6 1.96 2409
SIv <c,9 Je%2 1458 1461 1067 letob 1470 1472 1679 1.92 2.05
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Cost of ,Burning Differentials Due to Differences in Moisture,
Ash and Btu Content of Different Coals
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B. Transportation Costs

The transportation costs for appropriate origin-destination links are
estimated from statistical analysis of rail rates and water transport.-
ation costs developed in Chapter V of Appendix A.

The basic determinant of transportation costs for all links is dis-
tance. The distances between coal-producing and coal-using regions
developed for the National foal Model are used. These distances are
between centroids of production and consumption in the producing and
demand regions. The actual locations of mines and major use centers
are taken into account. The resulting distance is a weighted average
among all points of production within a producing region and all
points of consumption within a demand region. The weighting factor is
the quantity of coal shipped.

The second factor in determining transportation costs is the number of
rail line changes required over a specific link. The line changes
have been developed as part of the rate-gathering exercise. For an
individual point-to-point movement, the number of line changes must be
an integer. The transportation cost estimated for the model is an
average of all the movements expected to take place. The number of
line changes required for the average movement between a producing and
consuming region may be a non-integer value because a different number
of line changes may be required to move between different parts of the
origin and destination regions. The line change values used for the
model are rough estimates and are applied to those links where line
change is a factor in the transportation cost equation.

The statistical analysis of rail rates shows that there are two
separate cost estimation equations depending on the area of the
country in which the coal moved. Western rates are statistically
different from Eastern rates; therefore, the estimation equation used
must apply to specific origin-destination pairs.

The data base for the statistical analysis of rates excluded rates for
coal moving from the Western plains to the East Coast because there is
little current movement on these links. However, it is felt that
higher costs of Eastern rail operations should be taken into account.
Therefore, the cost for a combined Eastern and Western railroad move-
ment is estimated by an equation whose intercept and distance coef-
ficients are the average of the Eastern and Western cost equations.
These cost equations and the range Jf origin-destination pairs to
which they are applied are shown in Table 24.

The data and equations described above are used to calculate rail
transportation costs for all origin-destination links for which a
distance is specified. The program sets the transportation cost to
zero for any link where the distance is specified as zero. A zero
transportation cost prevents any coal from being shipped over that
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TABLE 24

PARAMETER VALUES FOR RAIL TRAIISPORTATION COST EOQUATIONS
AND APPLICABLE ORIGINS AND DESTINATIQNS FOR CONTRACT NMARKET

Equation Coefficients

Intercept Distance Line Change Origins Destinations
3.288 13.568 — 1 - 12 1 - 35
2.379 11.262 1.072 21 - 26 1 - 22
1.529 8.956 1.072 {13-20,27-30 1 - 35

21-26 23 - 35
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link. The transportation costs for coal movements within produrtion
regions are specified separately. These transport costs are generally
small.

There are specific links in the system which are not served by rail-
roads. For these 1inks externally determined costs are read in by the
computer program. Table 25 shows the origin-destination 1links for
which the rail rate estimated costs are replaced.

The final transportation costs used in the linear program simulation
of the contract coal market are shown in Table 26. The origins
(supply regions) are columns, the destinations are rows {thre2 rows
per demand region), and the values are in dollars per ton.

The transportation costs used for the simulation of the spot coal
market are higher than the costs used for the contract market because
of the smaller volumes shipped. These higher transport costs are
estimated by using greater distance coefficients for the estimation
equations as shown in Table 27.

Certain regions, which have significant contract coal poroduction
and/or demand, produce and/or consume negligible quantities of spot
market coal. These regions are therefore omitted from the spot market
simulation. The computer program which generates the transport file
estimates only those transportation costs required for the spot market
origins and destinations. The specific spot and contract market sup-
ply and demand regions used in the anlysis are shown in Tahle 28, The
final transportation costs for spot market coal are shown in Appendix
IX.

C. Demand for Coal

The EPA Office of Air Quality Standards recently published a pro-
jection of the demand for coal as part of an anlysis of the impact of
air quality standards. The demand for coal within the 35 demand
regions used in this study is taken directly from this EPA air quality
study. The projected demands are shown in Table 29.

The use of these demands implies that the water effluent control
standards do not significantly alter the total demand for coal in any
of the 35 demand regions. The demand projections would be altered if
increased costs for water treatment are so large as to render other
fuels cost competitive with coal in certain demand regions. As shown
by the impact estimates, this is not the case.

VIL. LINEAR PROGRAMMING MODEL OF THE STEAM COAL MARKET

A fundamental assumption in the ADL coal model is that the market is
cleared on the basis of minimum total cost. Two distinct formulations
are used depending on whether or not a producer's surplus of coal is
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TABLE 25

TRANSPPORTATION COSTS
NOT BASED ON RAIL RATE EQUATIONS

Origin Destination Cos
2 3 $ 3.
4 3 3.
5 3 5.
5 7 3.
5 13 3.
5 15 7.
2 19 7.
4 19 7
5 19 5
7 21 10.
7 23 14.
4 26 10.
5 26 6
5 27 8
7 27 12

12 23 7
11 17 17
21 13 19
22 13 20
23 13 18
22 14 16
21 20 19
22 20 20
23 20 18
27 32 2
28 32 2
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TABLE 26

TRANSPORTATION COSTS FOR LINKS BETWEEN 27 SUPPLY (HORIZONTAL)

AND 35 DEMAND (VERTICAL) REGIONS (CONTRACT MARKET)
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TABLE 27

RAIL TRANSPORTATION COST EQUATIONS
AND APPLIiCABLE ORIGINS AND DESTINATIONS FOR THE SPOT MARKET

Equation Coefficients

Intercept Distance Line Change Origins Destinations
3.288 21.030 - 1 -12 1 - 35
2.379 17.456 1.072 21 - 26 1 - 22
1.529 13.882 1.072 13 - 20 1 - 35

21 - 26 23 - 35
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TABLE 28
BRIDGE FROM CONTRACT TO SPOT MARKET REGIONS

SUPPLY REGIONS DEMAND REGIONS
Contract Spot Contract Spot
1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
5 5 5 5
6 6 6 6
7 7 7 7
8 8 8 8
9 9 9 9
10 10 10 -
" 11 11 10
12 12 12 n
13 - 13 12
14 - 14 13
15 - 15 14
16 - 16 15
17 13 17 16
18 - 18 17
19 - 19 18
20 - 20 19
21 14 21 20
22 - 22 21
23 - 23 22
24 - 24 23
25 15 25 24
26 - 26 25
27 - 27 26
28 - 28 27
29 - 29 28
30 - 30 29
31 30

32 31

33 32

34 -

35 -
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TABLE 29

COAL DEMAND IN 1984

(Billions of Btu's)

Contract Market

Spot Market

Region
Number Region Name
1 Vermont
2 Massachusetts, Connecticut
3 Pennsylvania West
4 Pennsylvania East, N.Y., N.d.
5 New York Upstate
6 Virginia, Maryland, Delaware
7 Virginia West
8 Carolina, North & South
9 Georgia, Florida North
10 Florida South
1 Ohio North
12 Ohio Central
13 Ohio South
14 Michigan
15 I1linois
16 Indiana
17 Wisconsin
18 Kentucky East
19 Kentucky West
20 Tennessee East
21 Tennessee West
22 Alabama, Mississippi
23 Dakota, North & South
24 Kansas, Nebraska
25 Iowa
26 Missouri
27 Arkansas, Oklahoma
28 Texas
29 Montana, Wyoming, Idaho
30 Utah, Nevada
31 Colorado
32 Arizona
33 Washington, Oregon
34 California North
35 California South
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31.4
206.0
514.3
420.7
190.3
330.0
675.4
720.3,
972.0

18.0
224.0
173.7
568.1
545.1
717.8
919.0
381.1
123.2
567.7
181.3
273.5
699.2
412.9
271.2
265.0
487.7
548.6

1,260.2
445.5
303.7
266.7
391.7
123.6

16.5

27.0
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assumed. In either case, the market clearing mechanism is described
as minimization of a linear function subject to a series of linear
inequality constraints. Such a formulation is called a "linear
program" and well-developed mathematical techniques are available for
its solution. This section describes the details of the two market
clearing algorithms and their formulation as a linear program.

A. Market Clearing Algorithms

Figure 10 illustrates the distinction between the two assumed clearing
mechanisms. The solid line represents the estimated supply curve
based on minimum required price as discussed in Sections IIU and IV.
Essentially, two interpretations of the curve are possible.

First, if most of the coal is sold via long-term contracts, it is
reasonable to expect that each mine will bid near to its minimum
required price in order to be as competitive as possible. In this
case, the cost of coal supplied is represented by the cross-hatched
area in Figure 10.

On the other hand, if the market is dominated by short-term purchases,
mines are likely to charge whatever price the market will bear. In
this case, the total cost is represented by the cross-hatched area
plus the shaded area since all coal is sold at the highest price
realized. Producers in this case will reap an economic rent, i.e.,
the producers' surplus S represented by the shaded area in Figure 10,

The ADL coal model has been developed to accomodate both formulations
in order to simulate the behavior of both the spot and contract mar-
kets.

B. Linear Programming Formulation of Contract Market /No Producer's
Surplus)

In order to develop the model, it is necessary to express the market
clearing algorithm as a minimization of a linear objective function
subject to a series of linear constraints. The constraints, which
represent the supply-demand balance required of the steam coal market,
are of the following four types:

° Constraints representing the total available supply
of coal from the different supply regions;

° Constraints insuring the balance between coal sup-
plied and coal which is shipped;

() Constraints describing the coal demand in different

demand regions subject to applicable SIP standards;
and
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FIGURE 10

TYPICAL SUPPLY CURVE ILLUSTRATING ALTERNATE MARKET
CLEARING MECHANISMS

MRP
MRP = F (Q)

iRP*
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] Constraints describing the sulfur balance between
coal available from the supply regions and the coal
which is burned in the different demand regions.

The objective function assembles the total bhurned cost of coal and
consists of three components.

° The cost of coal supplied from a specific supply
region;

° The cost of transporting coal from its source to
its point of consumption; and

° The cost of burning coal based on its sulfur con-
tent, type of consumer and applicable pollution
control standards.

1. Specification of Constraints for the LP Model

The methodology used to estimate the cost and constraint parameters
has been described in the previous sections, so this discussion will
be confined to mathematical formulation of the problem.

Table 30 shows the nomenclature used in the following sections which
describe in detail each component of the LP model. It is assumed in
the discussion that the reader is familiar with the methodology of
supply curve development, specification of costs and specification of
demand as discussed in Sections IV and V.

a. Constraints Representing Total Available Coal Supply

These constraints are included to ensure that the total coal supplied
from any region (sum of coal supplied at each price level) does not
exceed the total available resources. Mathematically, this is
expressed for each region as follows:

<s. (VI.1)

Additionally, since only a fixed amount of coal is available at any
given price level, the following constraints are included for each
region and each price level:

Yip £ Sig (V1.2)

B-66



TABLE 30
NOMENCLATURE USED IN THE LP MODEL OF THE STEAM COAL MARKET

Symbo1l Definition
Tij Cost of transporting coal from supply
region i to demand region j (see section
v.2).
C'c Cost of supplying coal from region i at

the 2'th price level (see section 1V.3).

CB.

kn Cost of burning coal with sulfur content

k in demand region j subject to SIP
standard n (see section V.1).

Supply Parameters

Si Total amount of coal available in supply
regio i.
Siz Amount of coal available in region i at

price level 2.

Yin Amount of coal supplied by region i at

price level 2.

xij Amount of coal shipped from supply region
i to demand reg.on j.

s|_ik Fraction of coal mined in region i at
sulfur level k.
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JABLE 30 (cont'd,)

NOMENCLATURE USED IN THE LP MODEL OF THE STEAM COAL MARKET (cont.)

Demand Parameters

Jn

Jkn

Indices

Definition

Amount of coal subject to air quality
control standard n which is required by
region j.

Amount of coal of sulfur level k which

is burned in region j subject to standard
n.

Supply region number

Demand region number

Sul fur level number

Air quality control standard index number
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b. Constraints Ensuring Batance Between Coal Supplied and foal Which
is Shipped

In order to accurately represent coal pricing, it is necessary to have
two descriptions for each unit of coal. First, the coal must be des-
cribed according to its region of origin and its price (Y.g). Second-
1y, in order to model the cost of transportation, it must be described
by its origin and destination (X, This dual representation neces-
sitates the introduction of const¥a1nts to ensure that the amount of
coal supplied from each region is the same in each representation. To
accomplish this, the following constraints are included in the mode!
for each supply region:

2, .

J "ij L is

This simply states that the total coal 1leaving region i ‘to all
destinations j) is equal to the total coal supplied in region i (at
all price levelsy ).

c. Constraints Describing Coal Demand as a Function of Nemand Region
and Applicable Air Quality Control Standards

The model is designed to accomodate up to four different cost burning
conditions per region. These costs of burning conditiPns allow for
consideration of different air quality control standards” in different
demand regions in combination with the djfferent burning costs for
different vintages of coal burning plants.” This requires additional
constraints to ensure satisfaction of demand for each set of condi-
tions. The following constraints express this requirement:

X U
This states that the total coal supplied at all sulfur levels k to

region j, under cost of burning conditions n, must equal the total
demand for the region j under the cost of hurn1ng conditions n.

ikn = Djn (vi.4)

d. Constraints Describing the Sulfur Balance

It is necessary to ensure that the volumes of coal with different
sulfur content that are burned do not exceed the total volumes

1Consisting of the State's "SIP" standards and the "NSPS" and "New
NSPS" standards, promulgated by the EPA.

2Consisting of estimated handling, burning and clean-up costs for

plants subject to, respectively, "SIP", "NSPS" and "New NSPS"
standards.
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of coal with different sulfur contents that are available. This
condition is imposed by the following constraints:

L ik n. Yjkn 0 (V1.5)

This set of constraints specifies that the volumes of coal U with
sul fur level k burned under all the different cost conditions n in
demand region j has to be equal to the volumes of coal with sulfur
content k shipped to demand region j from all supply regions i.

2. Specification of Objective Function

The objective function used in the coal model represents the total
burned cost of coal. This cost contains three components: a trans-
portation cost, which is proportional to the coal flow between any two
regions; the cost of supply, which is a function of the volume of coal
supplied by each region; and finally the cost of burning, which
depends on the demand region, air quality contro! standard, sulfur
content and plant type. This cost function has the following
mathematical formulation:

c = :E: T,:X + :E;; Y IE:

i, 5 i3t ieCidYiz ' .k.n “BjknY (VI.6)

jkn"jkn

The total cost C, represented by this objective function, is minimized
subject to the constraints given by expressions VII.1 to VIT.5. As
previously mentioned, this is a standard mathematical problem that can
be solved on the computer. For the impact analysis the IBM MPSX
mathematical programming system is used.

C. Mixed Integer Programming Formulation of Spot Market (Producer's

Surglusj

In order to clear the market with a producer's surplus, /see Section
VII.A), it is necessary to modify the steam coal market formulation
described in the previous sections to ensure that all coal supplied
from a given region is sold at the highest price paid for coal from
that region. This requires that the model is formulated as a "mixed
integer" program in which some variables can assume only integer
values.

The above is accomplished by modifying Yig to be the total volume of
coal supplied up to the price level 2, instead of the total volume
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supplied at levelg . This ensures that the price coefficient rig will
apply to all volumes of coal up to and including the specified level.
Given this formulation, it is necessary to ensure that only one Y.2 is
non-zero for each region i. This is accomplished by introducing an
integer variable §,, corresponding with each Y;,+ Fquation VI.? is
then replaced by the following:

Yip = 8,85, ¢ 0 (V1.7)

where: S. = the total amount of coal available in region i at or
befow price level .

Since Y., > 0, this ensures that only one Y; ¢ can be greater than
zero when the following constraints are added to the model:

Z Gif. =
')

< <
0-61-2_]

Giz integer

(v1.8)

Thus, constraint VII.8 ensures that exactly one of the integer
variables 6., is equal to one and that all the others are equal to
zero. This constraint combined with constraint VII.7 ensures the
desired conditions: only one Y., represents the total coal flow out of
the supply region. The remainder of the model is the same as for the
contract market clearing algorithm.

VIII. OUTPUT OF THE COAL MARKET SIMULATION MODEL /MODULE 6)

Module 6 organizes the results of the coal market simulation into two
reports, which are shown in Tables 31 and 32. The first report shows
the amount of coal supplied by the different supply regions and the
marginal cost of these regional supplies {see Table 31). The second
report shows the average user cost of burning coal in the different
demand regions. These average user costs are specified separately by
plant type - each plant type being subject to different sets of air
quality control standardz - and as a weighted average using the
relative amounts of coal consumed by those plant types as weights.

As shown in Figure 11, changes in the regional supplies, marginal
prices, and user costs are derived by subtracting the results of Coal
Market Model runs made with and without the cost increases resulting
from EPA regulations.
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2L-8

Region

PA
OH
MU
WVAN
WVAS
VA
EKY
TEN
ALA
ILL
IND
WKY
10wA
MISS
KAN
ARK
UKLA
TEX
NDAK
SDAK
wY=0
WMON
WY=pP
NCOL
SCOL
UTAH
ARIZ
NME X
WASH

Total

TABLE 31
CONTRACT MARKET COAL SUPPLY SUMMARY - 1984 LEVEL 4

Total Coal Total Coal
Supplied Supplied
(MTon) (Billion Btu's)
47299,.9% {078438,00
332C0,01 7156559.36
¢200,00 STGubebul
2760C,00 676199.88
36000,901 B20799.75
20199,99 GRZ2TT9.6Y
47500,00 111€6250.00
4500,00 105749494
22200,00 51725569
S0773.77 109163600
37500.00 806250400
42100,01 IMBR29.61
398,96 770000
5200,09 39319. 82
a97,.2n 8520« 00
S00,0¢C 10550400
«600,00 110855.9%
14099,99 19316949«
17051,.2! 259748419
0,0 Oed
57299,95 10886498.,C0
37999,94 1567993, 00
228899,946 3662399.99
0.0 Nel
147¢0,00 30&699 Q4
0.0 ' 0.00
15400.00 321859.94
9575,68 188640.94
8003,70 121659.94
845500. 34 15401977 .42

Unused

Supply
(MTon)

247C0.0%
RN Y ) P
1703670
5200.00
29500602
15001
11900660
0«0
3v00.01
%0135.,93
iTon.nn
;5qpn=n{
Go\.‘
Efiei™
Oel

(U

Gel
3910C.00
£4548,72
0.0
500.05
0.02
04606

0.0
5928,57
21400402
0.0
34624,32
0.0

330341.98

Price
(C/MMBtu)

1.52
1.30
1053
i.21
143
1,65
1.27
1.42
Yot

1.17

1.21
lele
Ca%7
Je 0
i1.01
s 0
115
i.0¢
0477
0.8
G.79
0459
0.59
0.30
0.82
$e35
0,75
0.75
¢.%9

Price

(§/Ton)

Yo .66
£3.85

'\F' ﬂ"
[ ]

29.69
32.38
34,58
29.77
32.37
33,3¢
2c.11
2997
25,38
16675
18,30
21457
€rad:
28,58
:'6.)0"0
ileba
12.00
15,99

o33

918
1764
17.29
20.97
15,61
14072
15.18



TABLE 32
COAL BURNED COST SUMMARY

()
Region Burned Cost (MMBtu) Costing by Plant Type (C/MMBtu)‘1
Average  Harginal NSPS 2  NSPS 1 sip

VEQMONT Js 0V 3.89 3085 3067 0.0
MASSCO STy 1 3.85 3.65 J.K5 8.0
PA W Je35 3005 3.32 3.7% 3.2
pElNY'N 3066 3.70 3078 3.56 0.6
NY upsT 3,66 3,74 .78 3.66 3.50
VAsMD D 3,54 3.67 3,57 3.54 0«0
W VA 3039 3,49 3,43 3,36 325
Ny S CA d,60 3470 3.64 357 3.5%
GASFL N 3.57 .66 3,60 3,69 N0
FLA STH 0.0 060 0.0 Cel 0.0
OHIO N 3.49 3.09 3,69 0.0 0.0
OHIO C J.56 3.56 3.56 0.0 6,0
OHIO S 3,51 3,51 J.51 0,0 Ue0
MICH 3,37 3601 J e} 3,35 0,0
ILL 3:2“ 3'3! 1-?‘; 3.?0 9-5
IND Jobb 3,46 3,46 3,33 0.0
wiSC 3.3% 3.39 3,33 G,0 Oel
KY-E J'Jl 3.“0 3.27 0.0 0.0
KYow 3,37 J. 02 3.42 3.34 De0
TENN E 3,46 3,54 3.54 3,35 0.0
TENN W 3.3 Jelte J. 06 3,27 C.0
ALAWMIS .07 J.58 3.52 3.36 3,36
DAKNSe 3,05 3,09 3,03 3.0 3.03
KAN!NEB 2.99 3.02 2.96 0.0 0.0
10wA 3.00 3.0% 2,98 0s0 0,0
MISSOUR 3.19 3,18 3,29 3,12 0,0
ARK + OKL 3,26 J.28 J.22 0,0 0.0
TEXAS 3,27 3,29 3,23 0.0 0.0
MAIWY el 2,58 2062 256 256 0.0
UTe NEV 2,96 2.92 3,03 2.92 0.0
coLo 2.87 280 2+91 De0 0.0
ART o NME 2,73 2466 2:77 De0 0,0
WASHIOR 3.09 3.12 3,06 Ve 0.0
CAL N 0.0 0.0 0.0 0.0 0.0
CAL S 0.0 0.0 0.0 Uel 0.0

(1)Subject to SIP, NSPS I and NSPS II air quality control standards

B-73



FIGURE 11

CHANGES IN THE REGIONAL SUPP

AND USER COSTS
RUN: RUN:
Coal Market Model Coal Market Model
without Regulations with Regulations
Regional Supplies, Prices, Regional Supplies, Prices,
User Costs User Costs

Changes in Regional Supplies,
Prices, User Costs

Regional changes in number of
producing mines, mine workers
employed, wages paid, invest-
ment required

Detailed regional
supply curves

Changes in regional earninags,
employment, economic growth;
energy prices to users; balance
of payments effect; effect on
growth of the coal industry

Regional economic
baseline
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The changes in other primary impact measures follow from the
comparison of the detailed regional supply curves that are used to
derive the linearized supply curves used in the Coal Market Model 'see
Figure 11).

Specifically, with the decrease or increase in a regional coal sup-
ply - obtained by comparison of the Coal Market Model runs with and
without additional pollution control costs fsee Table 19) - the
changes in the number of producing mines, mine workers employed, wages
paid, and investment required to keep mines producing is derived.

IX. LIMITS OF THE ANALYSIS

A. Summary

The impact, as measured by the decrease in the consumption of coal
from an impacted supply region, will have been underestimated or
overestimated if the "demand elasticity" of coal from the impacted
supply region(s) was respectively under- or overestimated relative to
the "demand elasticity” of coal from the other regions.

The "demand elasticity" specifies the decrease in demand for coal from
a2 supply region in response to an increase in the costlto the user of
an incremental unit of coal from that supply region. This "demand
elasticity" is increased by ,the incremental compliance cost estimated
to result from regulations.™ The increase in the total user cost of
coal will cause a large decrease in the use of that coal if the
"demand elasticity" is high and it will cause a small decrease if the
elasticity is relatively low.

A(Demand) / AlCost per Ton)
Demand Cost per Ton

1“Demand Elasticity" =-

2The lowest end of the coal supply curve of an impacted supply region
is made up by mines with low production costs and negligible mine
flows and, therefore, negligible compliance costs {see Figure 12). As
a result, the lowest part of the supply curve of a given supply region
will not change when compliance costs resulting from stricter
standards in mine water treatment are added. However, the higher end
of the supply curve is shifted upward when compliance costs are added,
resulting in a higher cost for the same supply from the region. This
higher cost per incremental unit of supply will cause a relatively
larger decrease in the demand of that coal per unit increase in the
cost of that coal: the “"demand elasticity" of demand for that coal has
increased.
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The total user cost of an incremental unit of coal from a supply
region will consist of the sum of:

® Production costs;
° Compliance costs;
[ ] Transportation costs; and

° Utilization costs (handling, burning and clean-up
costs).

An under- or overestimation of the "demand elasticity" can occur
because of a systematic under- or overestimation in any of these four
different costs. This systematic error in the different types of
costs can be caused by aggregation errors in the /non-sampled) data
used in the analysis.

The use of sampled data for labor productivities of new minesa]%ﬁne
water flows and mine water acidity establish a range within which the
impact estimate cannot be determined: the impact estimate is
statistically insignificant within this range. The "demand
elasticity" is indeterminate within that range because the underlying
sampled data for mine water acidity, mine water flows and new mine
productivities are indeterminate within a corresponding range.

The impact estimates for BAT-4 are generally significant in a statis-
tical sense: the estimated impact exceeded the range within which
impact estimates are indeterminate because of the use of sampled data.

The extent of systematic errors possibly existing in the data cannot
be estimated. Sensitivity tests demonstrate that the supply impact
estimate is relatively insensitive to systematic errors in the user
cost of the coals from the different supply regions. However, the
impact estimate for the impacted supply regions - regions where supply
decreases because of relatively high compliance costs - is highly
sensitive to an underestimate of the compliance costs ’but relatively
insensitive to an overestimate of the compliance costs).

Because data on mine water flows are only available for highly
aggregated supply regions - the Appalachians, the Midwest plus Central
West, and the rest of the: U.S. - the water treatment cost estimates
are the limiting factor in the impact analysis.

The use of average cost data for mine production costs, transportation
costs, and utilization costs in the impact analysis has most 1likely
resulted in an overestimate of the decrease in the use of coal from
impacted regions (caused by increased compliance costs).

(])Including replacement mines
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B. Statistical Significance of the Impact Estimates

The model mine analysis shows that the minimum price required for new
mine openings is highly sensitive to the value of average annual labor
productivity. Since the labor productivities for new mines is not
known, sampled values obtained from mine labor productivity distri-
butions for existing mines are used.

The compliance cost is highly dependent on the volume of acid water to
be treated. To allow for the wide range over which flow volumes for
different mines can vary, a sample of flow values, obtained from
regional mine flow distributions, is assigned to the different mines
in each supply region. The acidity of those mine flows is determined
through sampling of a distribution that indicates what percentage of
mines can be expected to have acid mine water in that region.

The use of these sampled values for productivity and acid mine water
flow results in a better representation of the "true" supply curves
than if, for example, average productivity in mine flows were used.
This is illustrated by Figure 12.

Using an average productivity to estimate the minimum required price
for new mines would result in too low an estimate of the elasticity of
supply because new mines with higher and lower than average produc-
tivities would have been mis-specified, resulting in a flatter supply
curve than the "true" supply curve. Use of these flatter supply
curves for the impacted regions results in a systematic underestima-
tion of the true "demand elasticity" and this ‘other things being
equal) would cause a systematic overestimation of the impact.

Given that sampled values are used for the flow, acidity and produc-
tivity data, it is impossible to specify the "true" supply curve
exactly: the probabilistic or uncertain nature of these data result in
an indeterminate range for the "true" supply curve.

As illustrated by Figure 13, the width of the range, caused by the
uncertainty about acidity and flows, determines whether the shift in
the supply curve resulting from increased compliance costs is
statistically significant; the impact estimate is statistically
insignificant if the BPT supply curve lies within the indeterminate
range of the BAT supply curve. Figure 13 shows an example of a
statistically significant shift of the BPT supply curve.

The possible variation due to the use of sampled values for new mine
labor productivity will be the same in both the BPT and BAT supply
curve and, therefore, cancel when the impact is calculated.

In Figure 14, it is shown how an estimate of the maximum possible

variation resulting from the use of sampled values for water quality
and water flow is obtained.
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FIGURE 13

ILLUSTRATIVE EXAMPLE OF INDETERMINATE RANGE
OF THE BAT SUPPLY CURVE BECAUSE
OF UNCERTAINTY ABOUT MINE
WATER ACIDITY AND FLOWS

r Range over which BAT
Minimum Supply Curve is
Required indeterminate due to
Price uncertainty about
($/Ton) “Sampled" BAT ! mine water acidity
Supply Curve ’l i and flows.
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FIGURE 14

METHODOLOGY TO DERIVE MAXIMUM POSSIBLE
ERROR IN IMPACTED REGIONS

30 Samples 30 Samples
of Pennsylvania of Pennsylvania
BPT BAT4
Supply Curve Supply Curve
Calculate Mean Supply Calculate Mean Supply
and Maximum and Maximum
Deviation from Mean Deviation from Mean
Due to Productivity Due to Productivity, Water Quality
Sampling and Flow Sampling

Derive Maximum Error
Due to Flow Sampling
for Penniflvania

Derive Maximum Variation
Due Directly to Flow Sampling
for Other Impacted Regions

l

Total Possible Variation
Due to Interaction for
A11 Impacted Regions

Total Possible Variation

in Impact Results
Due to Flow Sampling
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Thirty samples of the Pennsylvania BPT and BAT-41 supply curves are
obtained. These samples are taken with different starting seeds for
the random number generator to obtain a different sequence of
productivity and flow samples for each supply curve. [Thirty samples
are considered to be adequate to obtain a statistically significant
sample of the underlying distribution.)

The mean supply and the maximum deviation from this mean due to
productivity sampling is calculated for the BPT case. In a similar
manner, the mean supply and the maximum deviation from this mean due
to both productivity and flow sampling is calculated from the results
of the thirty samples in the BAT-4 case.

The supply taken from the thirty different supply curves represents
the volumes that would have resulted in the linear program solution
under the assumption that no changes had occurred in all other supply
regions. {(This last assumption implies that the total cost of roal
supplied from Pennsylvania would have remained the same in all the
thirty different solutions.)

Table 33 gives an example of how the "sampled" supply is calculated.
The first supply curve shown in Table 33 is the one which is obtained
in the original solution used for the impact analysis. The amount of
coal supplied by Pennsylvania in that solution is 1,093.89 million
Btu's at a price of $1.61 per million Btu., The volume which would
have resulted - using the second supply curve shown in Table 33 in the
solution - is obtained by calculating the incremental supply from the
last linear segment - at that linear segment's minimum required
price - that equates the cumulative costs of coal supplied in the
original solution (i.e., $1,071.80 million).

Three different types of variation result from the sampling of produc-
tivity, water quality, and flow distributions. The first type of
variation is caused by productivity sampling. The two other types of
variation result from sampling of flow distributions for the impacted
supply region considered. They are the "direct" and the "“interaction
variation."

The procedure, previously described, allows the derivation of an
estimate of the "direct variation." The other type of variation, the
“interaction variation," results from variation in estimated volumes
supplied in any of the impacted regions because of variation in the
supply curves of the other impacted regions.

1The estimated impact of BAT-2 compliance costs was found to be
negligibly small and therefore statistically insignificant.
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TABLE 33

EXAMPLE OF CALCULATION OF SOLUTION SUPPLY
FOR_A SAMPLED SUPPLY CURVE FOR PENNSYLVANIA (UNDER BPT)

Pennsylvania Supply Curve Used in Contract Coal !larket Simulation

MMBtu's MM$ $/MMBtu
2.28 0.98 0.43
15.96 7.82 0.50
31.92 17.08 0.58
79.80 50.11 0.69
134.52 94.98 0.82
335.16 289.61 0.97
679.41 688.9/ 1.16
971.22 1091.63 1.38
1093.89(1) 1289.13(1) 1.61
1424.90 1822.06 1.61

Sample of Pennsylvania Supply Curve Obtained With a Different

Starting Seed for the Random Number Generator

2.28 0.98 0.43
15.96 7.82 0.50
31.92 17.08 0.58
79.80 50.11 0.69

102.60 68.81 0.82
321.48 283.31 0.98
636.09 654.55 1.18
994.02(2) 1159.23(2) 1.41
1071.80 1289.13 1.67
1454 .54 1928.30 1.67

(1)

Supplv from Pennsylvania in contract coal market solution is 1093.89
(Z)Supp1y calculated for this case is 1071.80:
1071.80 = (1289.13 - 1159.23)/1.67 + 994.02
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The variation caused by sampling of the productivity distributions can
be ignored because of its systematic nature. Using the same starting
seed for the random number generator ensures that the same produc-
tivity numbers are used for the same mines in the three different cost
scenarios {(i.e., the BPT, the BAT-2 and BAT-4 case‘. Therefore, the
variation in the BAT-4 and BPT supply estimates - caused by
productivity sampling - are systematic and cancel in the calculation
of the impact estimate, when BAT-4 and BPT supplies are subtracted.

Having obtained mean and standard deviation estimates for the BPT and
BAT-4 cases, the maximum variation due to water acidity and flow
sampling is derived for the Pennsylvania supply curve. From this an
estimate of the maximum variation due directly to water quality and
flow sampling for other impacted regions and due to interaction
between impacted regions is estimated. Comparing the sum total of
these two types of variation for individually impacted regions with
the estimated supply impact shows whether or not the change in supply,
attributed to the regulations, is statistically significant.

The results from the thirty supply curve samples obtained for Pennsyl-
vania are shown in Table 34. Pennsylvania is used in this case
because it is shown to have the largest impact in the BAT-4 case. The
mean supply under the BPT and BAT-4 case are, 47.3 million tons and
46.8 million tons. The difference in maximum deviation due to water
quality and flow sampling under BAT-4 is found to be approximately
0.44 million tons or about 1% of the mean.

A region with a smaller number of mines than Pennsylvania, such as
Ohio, will have a larger possible variation. A region with a larger
number of mines than Pennsylvania will have a smaller possible
variation. The ratio of the maximum possible variation of the two
different regions will be the inverse of the square root of the number
of mines producing in the different regions.

Table 35 shows the derived values for these possible direct variations
in supplies for what has been called the "impacted regions" and the
"balancing regions." The "impacted regions" in this particular case
are the regions which have a decrease in supply volumes because of
increases in treatment costs. The "balancing regions" are the regions
which have an increase in supply.

The second type of variation, the interaction variation, is calculated
as shown in Figure 15. The total possible variation in the supply of
balancing regions that resulted from the sampling of flows is
allocated to the impacted regions and vice versa.

In the case of the "impacted regions," the total possible variation in

the supply of the "balancing regions" supply is calculated and
assigned to "impacted regions" using the decrease in supply volumes
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TABLE 34

RESULTS OF THIRTY SUPPLY CURVE SAMPLES
FOR PENNSYLVANIALT)

Difference
Compliance Solution in Max (2) (Max. Dev
Costs Su§5%¥ Mean Sugglz Dev&a¥1gg : Mean)
BPT 48.0 47.3
+0.44 oo
BAT-4 45.1 46.8

(1) Pennsylvania has 189 contract mines.

(2) I.e., the maximum deviation due to water quality and flow
sampling under BAT-4.
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TABLE 35

ESTIMATED SUPPLY IMPACT OF BAT-4 ON THE CONTRACT MARKET COMPARED WITH

THE POSSIBLE VARIATION IN THAT ESTIMATE DUE TO UNCERTAIN INFORMATION ON MINE WATER FLOWS

POSSIBLE JVARIATION POSSIBLE VARIATION
IN IMPACT IN IMPACT
ESTIMATES %STIMATES
THE IMPACTED REGIONS (in MMT) THE BALANCING REGIONS in MMT
1 2 3 BY 4 1 2 3 BY 4
REGION MINES SUPPLY LOSS DIRECT IRTER- TOTAL REGION MINES SUPPLY GAIN DIRECT INTER- TOTAL
MMT  MMT ACTION MMT  MMT ACTION
PA 189 48.00 2.9 0.5 0.60 1.10 OH 103 31.2 0.4 0.4 0.07 0.47
uT 1 0.33 0.33 0.0 0.07 0.07 Wwv(s) 117 26.2 0.2 0.3 0.03 0.33

VA 90 14.2 0.3 0.2 0.05 0.25
AL 88 22.6 0.1 0.2 0.02 0.22
MT 15 75.9 0.5 0.0 0.06 0.06
WY(p) 26 201.4 2.8 0.0 0.04 0.40



FIGURE 15
CALCULATION OF THE INTERACTION ERROR

= (Loss or Gain in Supply, ., Total Possible Error in
INTERACTION ERROR = ( Total Loss or Gain ) (“Balancing Regions" Supp]y)

INTERACTION ERROR = Maximum possible deviation in supply due to interaction.

Loss or Gain in Supply Loss or Gain in Impacted Region

Total Loss or Gain of All Impacted
Regions with a Loss or a
Gain

Total Loss or Gain

A11 Regions with a Gain
or a Loss Offsetting the Loss or Gain
in Impacted Regions

Balancing Regions
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due to impact as weights. In the case of the "balancing regions," the
total possible variation due to flow sampling in "impacted regions” is
calculated and assigned to individual balancing regions using the
increase in supply volumes due to impact as weights. As shown in
Table 35, for the heaviest impacted regions ‘e.g., Pennsylvania‘, the
maximum possible variation due to interaction 1is larger than the
maximum possible "direct" variation.

As shown in the right hand column of Table 36, for a number of regions
with relatively small impact estimates, the sum of the direct and
interaction variation is larger than the estimated impact. Therefore,
the impact estimate for these regions is inconclusive. However, the
contribution by these regions to the total impact estimate calculated
for larger regions (e.g., Northern Appalachia) is relatively small.

The same analysis is done for the impact estimates obtained for the
spot market, as shown in Tables 37 and 138. The direct variation
resulting from the flow sampling are estimated to be about twice as
large for the small spot market fﬁnes as the variation obtained for
the larger contract market mines.

The results of this error analysis for the spot market show again that
the impact estimate for region(s) with relatively small estimated
impacts is inconclusive.

C. Sensitivity of the Impact Estimates to Systematic Errors

To test the sensitivity of the impact estimates to systematic errors,
it is estimated how the supply impact changes if large systematic
errors occur in the different costs (i.e., production, transportation,
burning and clean-up costs) used in the analysis. As discussed in the
introduction, systematic errors in these cost estimates for the
impacted regions result in an over- or underestimation of the "demand
elasticity" for coal from those regions and this results in an over-
or underestimation of the supply impact attributable to increased
compliance costs.

It is not possible to determine what actual systematic error may be
present in the different cost estimates used in the analysis. There-
fore, two extreme cases are constructed by:

1The analysis of mine water flows shows water flows ‘in gallons per
ton produced) to be significantly higher for smaller mines than for
larger mines. As a result, errors in estimates of minimum required
prices, including an estimate for water treatment costs, for smaller
mines will be larger, resulting in large possible errors in total
supply available at a given total cost.
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TABLE 36

POSSIBLE VARIATION IN ESTIMATED BAT-4 SUPPLY IMPACT
DUE_TO UNCERTAIN INFORMATION ON MINE WATER FLOWS (1)

(Contract Market)

Supply Impact Maximum

With With Possible Inconclusive
BPT BAT-4 Variation Impact Estimate
MMT/Y MMT/Y
Pennsylvania 48.0 -2.9 + 1.1
Ohio 31.2 +0.4 + 0.47 Yes
W. Virginia South 26.2 +0.2 + 0.33 Yes
Virginia 14.2 +0.3 + 0.25
Alabama 22.6 +0.1 + 0.22 Yes
Montana 75.9 +0.5 + 0.66
Wyoming, 201.4 +2.8 + 0.4
Powder River
Utah 0.33 -0.33 + 0.07

(])Concerning acidity and alkalinity and volume of flow
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TABLE 37

ESTIMATED SUPPLY IMPACT OF BAT-4 ON THE SPOT MARKET COMPARED WITH
THE POSSIBLE VARIATION IN THAT ESTIMATE DUE 0 THE UNCERTAIN INFORMATION ON MINE WATER FLOWS

POSSIBLE VARIATION POSSIBLE VARIATION
IN IMPACT IN IMPACT
THE IMPACTED REGIONS ESTIMATES THE BALANCING REGIONS ESTIMATES
(in MMT) (in MMT)
1 2 3 BY 1 2 3 BY
REGION MINES SUPPLY LOSS DIRECT INTER- TOTAL REGION MINES SUPPLY GAIN DIRECI INTER-  TOTAL
MMT MMT ACTION MMT MMT ACTION
PA 401 7.25 0.44 0.07 0.03 0.10 ™MD 14 0.27 0.04 0.02 0.92 0.04
OH 89 1.84 0.43 0.15 0.04 0.19 Kv(E) 366 6.15 0.43 0.08 0.20 0.28

0K 0.33 0.08 0.00 0.03



TABLE 38

POSSIBLE VARIATION IN ESTIMATED BAT-4 SUPPLY IMPACT
DUE_TO UNCERTAIN INFORMATION ON MINE WATER FLOWS (1)

(Spot Market)

Supply Impact Inconclusive
With With (2) Possible Impact
BPT BAT=4 Error Estimate?
MMT MMT /Y MMT /Y
Pennsyivania 7.25 -0.44 + 0.10
Ohio 1.84 -0.43 + 0.19
Maryland 0.27 +0.04 + 0.04 Yes
Kentucky East 6.15 +0.43 + 0.28
Oklahoma 0.33 0.08 + 0.03

—— - A————— - o-—

(])Concerning acidity versus alkalinity and volume of flow

(Z)Net losses in total coal supply are expected to be made up
by supplies from large contract mines in the Wyoming Powder
River Basin,
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. Increasing or decreasing the production and utili-
zation costs of coal from the most impacted region
{i.e., Pennsylvania) by approximately 10% for both
the BPT and BAT-4 case;

® Increasing or decreasing the transportation costs
from all regions by 10% for both the BPT and BAT-4
case;

] Increasing or decreasing the estimated BAT-4 rcom-

pliance costs by approximately 30%.

The changes in production, transportation, and utilization rosts
result in a lTower and a higher estimate of the "user cost elasticity"
of demand relative to the cost elasticity used in the impact analysis.

The impact estimate obtained with the lower estimate of the "demand
elasticity" for coal from Pennsylvania in combination with the higher
estimate of compliance costs demonstrates what the impact estimates
had been if user cost increases at the margin per incremental unit of
coal from Pennsylvania) would have been systematically overestimated
in the analysis while compliance costs were underestimated. Likewise,
the impact estimate obtained with the higher "demand elasticity" for
Pennsylvania coal in combination with the lower compliance costs
demonstrates what the impact estimate had been if the impact analysis
had underestimated the marginal user cost increase for Pennsylvania
coal while overestimating the compliance costs.

As shown in ‘Table 39, if the marginal user cost for coal from
Pennsylvania in 1984 is 10% higher than as estimated for the impact
analysis, then the projected demand for coal from this region in 1984
will be approximately 6.7 million tons per year (or 14%) lower. 1If,
in addition, the compliance costs for mines in Pennsylvania in 1984
are 30% lower than as estimated in the impact analysis, then the
impact of the BAT-4 mine water treatment standards will be an increase
in coal supply from Pennsylvania of 2.7 million tons to offset the
decline in supply of coal from Ohio fby 4.1 million tons per year‘ and
Alabama (by 3.2 million tons per year).

If the marginal user cost of coal from Pennsylvania in 1984 is 10%
lower than as estimated for the impact analysis, then the projected
demand for coal from this region will be approximately 13.5 million
tons per year (or 27%) higher than as estimated for the impact
analysis. If the BAT-4 compliance costs for mines in Pennsylvania is
30% higher than as estimated in the impact analysis, then the impact
in terms of reduced coal supply for Pennsylvania in 1984 will be 2.5
million tons per year, or approximately 13% less than as estimated in
the impact analysis. Apparently, the compliance costs are so small that
a 30% increase of these costs for one region (PA) will allow the model
to find a computer-initiative solution: the answers given by the model
become nonsensical.
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TABLE 39

RESULTS OF SENSITIVITY TESTS IN TERMS

OF CHANGES IN ESTIMATED SUPPLY IMPACTS

Marginal User Cost
for PA Coal 10%

Marginal User Costs

for PA Coal 10% lower;

ORIGINAL Higher; Compliance Compliance Cost
<f—— ESTIMATES  =————3p» |@— Cost 30% Lower —> <«— 30% Higher  —>

BPT BAT-4 Impact RPT BAT-4 Impact BPT BAT-4 Impact

Supply (MMT) (MMT) Supply (MMT) (MMT) Supply (MMT) (MMT)

PA 48.0 45.1 -2.9 42.3 45.1 +2.7 62.5 60.0 -2.5
OH 31.0 31.6 +0.4 - 31.2 27.1 4.1 31.2 -~ 31.6 +0.4
WV (S) 26.2 26.2 +0.2 22.6 23.9 +1.3 26.2 26.4 +0.2
VA 14.2 14.5 +0.3 14.2 14.5 +0.3 19.8 19.8 0.0
AL 22.6 22.7 +0.1 22.6 19.4 -3.2 22.6 22.7 +0.1
WY (P) 201.4 204.1 +2.9 228.9 228.9 0.0 166.8 170.5 +3.7
ut 0.3 0.0 -0.3 0.0 0.0 0.0 0.3 0.0 -0.3
ILL 41.4 41.4 0.0 41.4 41.4 0.0 45.6 44.6 -1.0
TX 17.7 17.7 0.0 11.9 17.7 +6.8 17.7 17.7 0.0




These results demonstrate that the impact estimate for specific
regions is highly sensitive to any systematic underestimation that may
have occurred in compliance costs resulting from the misspecifications
of the treatment costs and/or the mine water quality and flow volumes
for individual regions. A systematic underestimation by 30% of the
compliance costs of one region relative to the compliance costs of the
other impacted supply regions will result in a complete misspecifi-
cation of the supply impact for that region; i.e., the supply in that
region will go up rather than down as a result of the BAT-4 standards.
However, a systematic overestimation of the compliance costs for one
supply region relative to the estimated compliance costs for other
supply regions will result in a relatively small error in the supply
impact for that region.

D. BIAS RESULTING FROM AGGREGATION ERRORS

Use of average values for the different costs used for the impact
estimate probably results in an overestimation of the supply impact
attributable to an increase in compliance costs.

As discussed earlier, the impact will have been overestimated if the
“"demand elasticity" for coal supply from the impacted regions is
overestimated. The impact analysis shows that the main supply impact
is expected to occur in Pennsylvania, resulting in a decrease in coal
supplies from that region. The overestimation of the "demand elastic-
ity" for coal supply from Pennsylvania results from:

) The assumption that all mines use a discount rate
of 10% per year to estimate their minimum required
price;

° The use of average mine investment and operating
costs to calculate minimum required prices;

° The use of average transportation costs;

¢ The use of average coal quality characteristics for
coal produced in Pennsylvania; and

] The use of average burning and cleaning costs for
Pennylvania coal.

In the impact analysis, it is assumed that mines will close if the
compliance costs render it impossible to make an average (DCF) rate of
return on investment of 10% per year. In reality, the more heavily
impacted mines, i.e., mines incurring higher compliance costs, will
most probably continue to operate even if their rate of return drops
below 10% per year. Therefore, the supply impact 1is probably
overestimated.



The use of average mine investment and operating costs to calculate
minimum required prices (even if appropriate aMowance is made for
mine type and mine labor productivity' and the".use- of-.average trans-
portation costs, coal quality characteristics and average burning and
clean-up costs will result in an overestimation of the "demand elas-
ticity." In reality, these costs are different for the mines that, in
the analysis, are assumed to have the same production, transportation
and burning costs. As a result of these differences in costs, the
actual "demand elasticity" is lower than the "demand elasticity" used
in the analysis; i.e., a coal production cost increase in a supply
region because of increased compliance costs in reality will cause
less of a change in demand for coal from that region than shown by the
impact analysis. Therefore, the aggregation errors resulting from the
use of average costs probably result in a conservative (i.e., too
high) estimate of the supply impact.
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